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MARK C. ZWEIG
mzweig@zweiggroup.com

FROM THE PUBLISHER

Short attention spans — some say the result of web and app developers competing for 
our attention or the result of the culture we live in — could pose a real problem for the 
engineering profession. And short attention spans are rampant today in the people we work 
with, employ, and unfortunately, ourselves.

Here’s some of what I see happening today:

Inability to tackle long-term problems — Short attention spans do not lend themselves 
to tackling long-term problems that can’t be easily solved. It’s more rewarding to drop 
anything difficult and move on to something that can be accomplished in 90 seconds, so 
people tend to do more of the latter and less of the former.

Inability to finish projects — See above; same problem. Anything new and shiny that 
distracts you from your goal cannot be ignored, just like those Facebook notifications that 
someone “liked” the most recent photo of your cat or last night’s meal.

Inability to focus in a meeting — Because people are so distracted checking their phones 
and computers for emails, text messages, and LinkedIn notifications, they can’t pay 
attention to the topic being discussed and, of course, miss a lot of important information 
that may actually affect how well they do their jobs.

Miscommunications — Going to meet someone takes way too much effort. Phone calls 
take too much effort — better to send a quick, terse email or text message. No reason that 
could be misinterpreted, right? Wrong! This is part of the reason people miscommunicate 
and don’t get along.

Inability to read anything — It takes too long to read a book or a newspaper. Better to get 
headlines in 60 seconds from a quick review of your Twitter feed or Facebook newsfeed. 
Of course, this can stunt your learning.

I don’t think any of this short attention span stuff bodes well for the engineering profession 
nor our society as a whole. I don’t know what can stop it, but I am encouraged to see that 
it is starting to be more widely recognized as a problem that will, at some point, have to be 
addressed.

Meanwhile, get outside and enjoy this summer. Don’t forget to use sunscreen! And for 
those of you who still have sufficient attention span to read — and learn — we have another 
great issue of Civil + Structural Engineer magazine for you to enjoy! And when you’re 
finished, please be sure to pass it on to someone else who might enjoy it.

PAY 
attention!

Short attention spans pose problems 
for the engineering profession.
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C+S ENGINEER ONLINE

Project Profitability: Increasing your 
design firm’s profitability
By Howard Birnberg, Association for Project Managers

There is nothing magical about how to increase a design firm’s profitability. 
Historically, profits have been fairly low, but a few simple techniques can 
have a significant impact. Techniques to increase profitability include the 
following:

Specialize —While there is not always a direct correlation between 
specialization in a project type, anecdotal evidence notes that the learning 
curve is reduced when repeat design work on similar project types occurs.

Have good timesheet management — Today, very few firms use paper 
timesheets; nearly all use electronic timesheets, allowing for rapid and 
effective collection of time on a daily basis.

Prevent scope creep — Every firm should have a well-developed system 
for monitoring project scope of services.

Have an effective project management system — While not a panacea, 
project profitability can be strongly affected by having an individual in 
charge of a project’s scope, schedule, and design budget.

Recognize that higher chargeable rates do not always translate into 
profits — Many factors can influence the relationship between chargeable 
rates and profits.  

Collect those receivables — Designers typically wait nearly three months 
from the time they have completed a billable activity until they receive 
payment.

Read the entire article at http://tinyurl.com/projectprofit-july17.     

Diversions: Contract 
administration phase
By Andy Sciarabba, P.E., T.G. Miller, P.C., Engineers and Surveyors

On Sept. 14, 1996, I was successful in landing the biggest “client” of my 
life — my best friend, my partner, my wife — Bonnie. On that day in 1996 
we entered into a contract (a life contract, if you will) and immediately 
scheduled the kick-off meeting. Both parties understood the project scope 
and we were full of optimism and energy.

The project has had its share of errors and omissions and experienced the 
inevitable scope creep, but the contract always got amended. We soon 
realized that this type of project never truly ends. It takes constant work. 
Twenty-one years later, we are still under construction, still honoring our 
contract.

Read the entire article at http://tinyurl.com/diversions-july17.   

Civil + Structural Engineer provides news and articles online to supplement content in this print issue. 
Visit csengineermag.com daily for the latest news and check out the following articles posted online with the July 2017 issue:

BENTLEY® 

QUARTERLY 
OVERAGES?

©

CALL US NOW: 
(866) 372 8991 (USA & Canada)
(512) 372 8991 (Worldwide)
www.softwaremetering.com

Also provides support for:
AutoDesk® Cascading Licenses Sequences 
ESRI® ArcGIS License Checkout Activity

View our Solutions page, Managing Bentley® Licenses

CONTROL 
OVERAGES 
TODAY

© Integrity Software, Inc. Bentley is a registered trademark of Bentley Systems, Incorporated

NEW!

SofTrack includes real-time usage details 
of all Autodesk® Subscriptions!

Autodesk® Tracking by Package Codes,  
Feature Codes, Serial Number, user,  
workstation and more!



8          csengineermag.com          July 2017

Whether you work for a private or a public entity, this advice holds true: Use your early working years to save 
as much as you can in order to give you greater power and freedom in your financial future. For those who 
work in privately held engineering firms that tend to transfer ownership internally, you may be afforded the 
opportunity to invest in your firm. This is a unique opportunity because you get to invest in something that 
you have a direct influence over daily. 

The reality is that most privately held firms transfer ownership internally and must continually attract new 
employees to keep the firm a going concern. Typical options for buying into a firm include the following:
• the firm finances the transaction, or 
• employees are expected to find their own financing. 

In some cases, firms “bonus” shares to new or current owners as a way to transfer ownership with minimal 
burden on the employee. All of these options have their pros and cons, but regardless of how your firm 
approaches ownership transition, saving early so you have funds available for these opportunities puts you 
in a position of power. 

Along with saving early, you can benefit from learning about business investment and the risks and rewards 
that come with it. That education also should include some basic knowledge of buy-sell agreements, along 
with the other legal implications and restrictions and tax issues that come with ownership. 

A few other pieces of advice: Do not ever express to one of your superiors that you cannot afford ownership, 
whether you can or not. Firm leaders like to make leaders and owners out of people who can manage their own 
money and understand investing and saving. Show your personal responsibility along with your professional 
responsibility and future rewards and opportunities should follow. 

If you work for a privately held firm and believe you have the aptitude to be a firm owner, start saving now 
in anticipation of that future offer. For all others, saving early and investing in something that you believe in 
can offer you tremendous future returns as well. Your early career years are building the foundation of your 
financial future.

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

Start saving now
Build the foundation 
of your financial future.

engineering our future
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We recently lost a big project because we did not listen to the client carefully. It was an expensive 
lesson, so I thought I would share it with all of you. 

The client is an overseas investor who owns a large portfolio of buildings on the U.S. West Coast. 
Our mandate was to better protect an investment from future earthquakes. The investment was 
a 1960s mid-rise building. This type of concrete construction is one of the most vulnerable and 
dangerous throughout the world. 

We set out to show how deficient the structure is, providing tons of back-up data to prove it. We 
saw a number of solutions that the client could choose from, but these were somewhat buried in 
our engineering report and calculations. Our report was filled with engineering jargon and was 
difficult to comprehend without a structural engineering degree. We didn’t clearly articulate a path 
to the best solution. 

This is kind of like visiting the doctor with a broken leg. The doctor gives you an X-ray of your 
broken bone along with a 100-page medical report riddled with medical terms to read. Everyone 
knows that a 1960s concrete building does not meet current safety standards. What owners really 
want to know is how to spend the least amount of money while increasing the safety of the building 
through a voluntary seismic upgrade. After reading our report, the owner got really scared and we 
were quickly off the job. 

Most of us engineers struggle with good communication. All too often, our reports and solutions 
are engineering-driven without considering the interests of other disciplines, such as investment, 
architectural, or sometimes even political and cultural perspectives. To be truly successful 
professionals, we need to be more like cultural anthropologists or sociologists who understand 
others’ totally different needs. 

In the above case, if we had provided a simple executive summary with issues and options along 
with a recommendation to reduce seismic risk quickly, we probably would have come out as a hero 
rather than getting kicked off the job. Even now, I’m not sure this client will invest in the seismic 
safety of this building. 

Some say, “Communication or public relations is not a part of engineering and we are not good at 
it, so we don’t do it.” I totally disagree. Communication is one of the most important aspects of 
every profession, business, and life. It determines how our solutions and thoughts are implemented. 
Eventually, we can craft a safer society because of it. It will make it or break it.

So here is how we should communicate:
1. Listen carefully to what the client is saying or not saying. They are very likely coming from a totally 

different background than you. 
2. Never just present a report; always provide a high-impact oral presentation. 
3. The executive summary is often the only thing decision-makers read. Make it count. This piece 

must be a concise (one or two pages), clear statement of issues, solutions, and actions that can be 
understood by anyone. 

Fail this and your work will not be read or understood — the worst-case approach to getting work. 
I hope this helps and good luck!

Not listening 
can be 

dangerous
Communication 

is one of the most 
important aspects 

of every profession, 
business, and life.

engineering FRONT LINE

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

http://miyamotointernational.com/company/about-miyamoto/
http://miyamotointernational.com/company/about-miyamoto/
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AECOM appointed Daven Oswalt as the regional business leader for 
the company’s water practice in the Washington metropolitan area, 
including Maryland, Virginia, and Washington, D.C. Reporting to 
Oswalt, Paul Delphos will serve as the firm’s Tidewater, Va., region 
water practice leader. John Jessen, AIA, was named regional manag-
ing principal for the Washington metro area and mid-Atlantic region of 
AECOM’s Buildings + Places business. Navin Sagar, P.E., was named 
vice president and national director transit systems of AECOM’s tran-
sit systems practice in North America. In addition, Jon Schmidt was 
promoted to the transit systems deputy practice leader working with 
Sagar.

Brian Book, director of RETTEW’s energy and environmental en-
gineering group, was awarded the Arthur Sidney Bedell Award. The 
Bedell Award is given to a past president of the Water Environment 
Federation (WEF), acknowledging extraordinary personal service.

Pape-Dawson Engineers, Inc. announced Jason Atkinson, P.E., as a 
new vice president in its Houston office. 

Chris Qualls, P.E., CEM, joined Barge, Waggoner, Sumner and Can-
non, Inc. as client service leader and will be based in the firm’s new 
office in Houston’s Uptown business district.

Carl Mannheim, senior hydraulic engineer, and Brandi Reilly, senior 
marketing manager, recently joined HDR’s hydropower team. 

VHB promoted Steve McElligott, P.E., to senior vice president and 
National Transportation Agencies Market leader, responsible for pri-
oritizing, developing, and implementing the strategic framework for 
the firm’s growing transportation practice. VHB also promoted Tom 
Jackmin, P.E., ENV SP, to senior vice president and New England 
regional manager. 

Manhard Consulting appointed Jonathan Unterreiner, P.E., to serve 
as region manager of Houston operations, leading a team of more than 
20 engineers, surveyors, and technical staff.

Environmental Systems Design, Inc. (ESD) appointed Zackery House 
as CEO. He replaces Raj Gupta, who assumes the role of executive 
chairman of the board. 

Keith Hinkebein, P.E., assumed the duties of Central Division presi-
dent for HNTB Corporation, overseeing more than 500 employees in 
15 locations across 11 states.

Melinda Johnson, P.E., LEED AP, joined STV’s Buildings & Fa-
cilities (B&F) Division as a vice president and head of B&F’s New 
York operations. Johnson has nearly 30 years of experience leading 
design for new construction and reconstruction initiatives throughout 
the Northeast and Mid-Atlantic regions.

Douglas Daniels, P.E., was named bridge inspection lead engineer in 
Northern New York and adjoining areas for WSP USA. In his new 
position, Daniels will supervise the area’s bridge inspection staff and 
coordinate with area managers, marketing managers, and other bridge 
inspection lead engineers. Kenneth Marshall, P.E., was named a vice 
president and senior transportation technical manager for WSP USA, 
serving as the northeast regional manager for intelligent transportation 
systems and transportation technology.

Robert J. Duma, P.E., is now an associate at Davis, Bowen & Frie-
del, Inc. (DBF), where he is a senior municipal engineer, providing 
engineering services to local communities. Terry P. Scanlon also was 
promoted to associate with the firm’s Milford, Md., team. He has 18 
years of service with DBF involved with site design, grading, sewer 
design, stormwater management design, and surveying.

Mark Nero, P.E., was promoted to senior project manager at Fuscoe 
Engineering, Inc.’s Irvine, Calif., office. He has more than 20 years of 
civil engineering experience, with specialized skills in entitlements as 
well as commercial, retail, hospitality, and residential developments.

Steeve Rousseau, P.E., joined exp as senior vice president, Railway. 
In this newly created division, he will be responsible for growing exp’s 
footprint in the railway sector and for building a dedicated team of 
professionals. Rousseau has more than 25 years of experience in man-
aging major design-build projects.

Drew Hardin, P.E., joined Freese and Nichols, Inc. as an associate 
in the Central Texas Treatment, Transmission and Utilities Group in 
Austin. Hardin has experience in water and wastewater infrastructure 
— specifically master planning, large-diameter sewers and transmis-
sion mains, lift stations, and rehabilitation projects.
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events

In May, Zweig Group, publisher of Civil + Structural Engineer, an-
nounced the 2017 Hot Firm List, an annual ranking of the 100 
fastest-growing firms in the architecture, engineering, planning, and 
environmental consulting industry, and the 2017 Best Firms To Work 
For Awards, which honor the creation of outstanding workplaces at 
architecture, landscape architecture, geotechnical, environmental, and 
civil, structural, and multidiscipline engineering firms. 

The firms on both lists — as well as winners of the Zweig Group 2017 
Marketing Excellence Awards and the Jerry Allen Courage in Leader-
ship Award — will be celebrated at the Hot Firm and A/E Industry 
Awards Conference held at the Fairmont Olympic Hotel in Seattle on 
Sept. 21-22, 2017. Hot Firm, Best Firms, and the Jerry Allen Awards 
will be given out at a black-tie awards ceremony on the evening of 
Sept. 22; a special awards luncheon will celebrate the Zweig Group 
2017 Marketing Excellence Award winners. 

In addition to award celebrations, the gathering offers a comprehensive 
business conference for leaders and aspiring leaders of AEC firms in 
the U.S. The conference agenda includes topics on technology, leader-
ship challenges, business planning, marketing methods, recruiting and 
retention, and growth strategies. The 2017 program has a special dis-
counted attendance option for young professionals looking to network 
and learn from the best firms in the industry.  

Kicking off the conference on Thursday morning, Sept. 21, Mark 
Zweig, chairman and founder of Zweig Group, and Chad Clinehens, 
Zweig Group’s president and CEO, will present a State of the Industry. 
Four keynote addresses during the two-day conference include the fol-
lowing:

Keynote 1 – Steve Thomas helped catapult This Old House to the top 
of PBS’s list of most-watched ongoing series of all time. He was hon-
ored with a 1997-1998 Daytime Emmy Award and nine nominations 
for “Outstanding Service Show Host.” He went on to highlight green 
renovation across America on Renovation Nation on Discovery’s Plan-
et Green. Read more at http://hotfirm.com/2017/05/23/steve-thomas. 

Keynote 2 – Kit Miyamoto, Ph.D., S.E., CEO of Miyamoto Inter-
national, a California seismic safety commissioner, president of the 
technical nonprofit Miyamoto Global Disaster Relief, and a contribu-
tor to Civil + Structural Engineer, built a global earthquake structural 
engineering firm from a five-man Sacramento, Calif., company into 
19 offices in 12 countries with one simple purpose: Make the world 
a better, safer place. A purpose-driven mission drives growth of the 
company by attracting equally purpose-driven individuals and clients. 
Read more at http://hotfirm.com/2017/05/24/dr-kit-miyamoto. 

Keynote 3 – John Zweig has been a professional musician, combat 
veteran, race relations educator, management consultant, writer, 
Procter and Gamble brand manager, and group CEO in the largest 
marketing services company in the world. Throughout his varied ca-
reer, there has been one constant and unifying theme — a spirit of 
exploration, creative expression, and a quest to transform individuals 
and organizations against the backdrop of a dissonant culture. Read 
more at http://hotfirm.com/2017/05/16/keynote-speaker-john-zweig-
quest-transform-individuals-organizations. 

Keynote 4 — Menzer Pehlivan, Ph.D., has been actively involved 
with pioneering research projects advancing state-of-art and state-of-
practice geotechnical earthquake engineering. She is currently working 
as a geotechnical engineer with CH2M in Seattle. Pehlivan specializes 
in the analysis of seismic site response, soil-foundation-structure in-
teraction, probabilistic seismic hazard analysis, and the seismic design 
of foundations. Read more at http://hotfirm.com/2017/05/23/menzer-
pehlivan. 

As of press time, the conference agenda (subject to change) included 
three rounds of breakout sessions on Thursday afternoon and two 
rounds on Friday, presented in three tracks — Leadership, Manager/
Leader, and Young Professionals.

Breakout 1 
• Leadership Track — The Real Meaning of Being an Entrepreneur in the 

AEC Industry, by Mark Zweig, Zweig Group
• Manager/Leader Track — Recruiting, Managing, and Inspiring Millenni-

als in Today’s AEC Industry, by Randy Wilburn, Zweig Group
• Young Professionals Track – How to Network and Build Relationships 

as an A/E Professional, by Anthony Fasano, Engineering Career Coach

Breakout 2 
• Leadership Track — M&A Tips and How-Tos: Stories from Both Sides of 

the Table, by Mark Zweig, Jamie Claire Kiser, and George Christoduolo
• Manager/Leader Track — To be announced, by Perry Shea
• Young Professionals Track — Project Management: Improving Commu-

nication and Client Service with Quality

Hot Firm and A/E Industry 
Awards Conference

Event honors the fastest-growing firms and best workplaces and 
includes comprehensive business sessions.

http://hotfirm.com/category/speakers/
http://hotfirm.com/category/speakers/
http://hotfirm.com/category/speakers/
http://hotfirm.com/category/speakers/
http://hotfirm.com/category/speakers/
http://hotfirm.com/category/speakers/
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Breakout 3 
• Leadership Track — A Deeper Look at the Industry: Benchmarking 
Tools, by Zweig Group
• Manager/Leader Track — Award-Winning Marketing: How to Do It
• Young Professionals Track — Project Management: Improving Com-
munication and Client Service with Quality

Breakout 4
• Leadership Track — The Important Role of a Board of Directors: How to 

Do It Right in an Industry Where So Many Get It Wrong
• Manager/Leader Track — What the Best Firms to Work For are Doing
• Young Professionals Track — How to Become an Effective Communica-

tor as an A/E Professional, by Anthony Fasano, Engineering Career Coach

Breakout 5
• Leadership Track — Strategic Financing/Tax Credits, by Corporate Tax 

Advisors
• Manager/Leader Track — To be announced, by June Jewell, AEC Busi-

ness Solutions
• Young Professionals Track — How to Develop the A/E Leader Inside of 

You, by Anthony Fasano, Engineering Career Coach

More information about the Hot Firm & A/E Industry Awards Confer-
ence is available at www.hotfirm.com. 

EVENTS

juLY  2017

the principals academy 2.0
July 19-20 — chicago
OCt 26-27 — san diego
Crash course in all aspects of managing a professional service firm, 
including an expanded focus on business development, strategic 
planning, and financial management.
http://zweiggroup.com/seminars/the-principals-academy

airport pavement design & construction workshop
July 25-27 — omaha, neb.
Experts from the American Concrete Pavement Association, U.S. Army 
Corps of Engineers, and Federal Aviation Administration will discuss 
airport pavement design, construction, and rehabilitation.
www.acpa.org/airportworkshop

8th international visualization in transportation symposium
July 27-28 — washington, D.C.
The symposium explores the opportunities and challenges of 
visualization entering mainstream use in the transportation field while 
presenting examples of how visualization is transforming the way 
transportation agencies and companies work today.
www.trb.org/Calendar/Blurbs/175064.aspx

AUGUST  2017

asce piplines confeence
Aug. 6-9 — phoenix
Interdisciplinary education, keynote speakers, tours, and short courses 
cover state-of-the-art engineering technologies for pipeline and utilities 
infrastructure
www.pipelinesconference.org

excellence in project management
Aug. 16 — detroit
nov. 29 — charleston, S.C.
Tutorial and case study workshop sessions present critical areas every 
project manager should know from the perspective of architecture, 
engineering, and environmental consulting firms.
http://zweiggroup.com/seminars/excellence-in-project-management 

New York City Bridge Conference
Aug. 21-22 — New York
Organized by the Bridge Engineering Association, the 9th conference 
features renowned bridge engineers from all over the world.
www.bridgeengineer.org 

International Conference on Highway Pavements & Airfield Technology
Aug. 27-30 — Philadelphia
Under the theme “Sustainable Pavements and Safe Airports,” the 
conference will cover state-of-the-art and state-of-practice areas of 
innovation, improved durability, cost-effective and more sustainable 
pavements, and safety technologies to ensure safe and efficient airport 
operations.
www.pavementsconference.org 

StormCon
Aug. 27-31 — Bellevue, Wash.
Claimed to be the world’s largest stormwater pollution prevention 
conference and trade show, the event features BMPs, low-impact 
development, program management, construction-site runoff, green 
infrastructure, monitoring, and research.
www.stormcon.com 
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SSI: stabilize, support and improve
Aug. 28-30 — washington, D.C.
Deep Foundations Institute technical seminar on effective application 
of deep foundations, ground improvement, and soil mixing for 
stabilization of slopes and excavation support.
www.dfi.org/SSI2017 

SEPTEMBER  2017

Hot Firm and A/E Industry Awards Conference
Sept. 21-22 — Seattle
Comprehensive business conference for leaders and aspiring leaders of 
AEC firms in the U.S. Conference agenda includes topics on technology, 
leadership challenges, business planning, marketing methods, recruiting 
and retention, and growth strategies.
http://hotfirm.com 

OCTOBER  2017

The Year in Infrastructure Conference
Oct. 10-12 — Singapore
Bentley Systems’ annual forum addressing the current priorities 
and opportunities impacting the infrastructure industry. Includes a 
technology update, six industry-focused forums, an Alliance Partner 
Pavilion, and the Be Inspired Awards ceremony. 
www.bentley.com/en/yii/home 

meeting of the minds 2017
Oct. 23-25 — cleveland
Tools and best practices working for city leaders across the globe, 
including smart cities, IoT, mobility, climate and resiliency, clean urban 
water and energy, infrastructure, and more.
http://cityminded.org/events/motm2017 

commercial uav expo americas
Oct. 24-25 — las vegas
Unmanned aerial systems selection and integration; developing 
enterprise workflows, guidelines and policies; data management and 
integration; and legal, safety, and regulatory considerations.
www.expouav.com

dfi 42nd annual conference
Oct. 24-27 — new orleans
The conference features technical presentations focusing on deep 
foundations and ground improvement, and associated risks and 
mitigation practices.
www.deepfoundations2017.org 

its world congress 2017
Oct. 29-Nov. 2 — montreal, canada
Brings together global leaders in intelligent and transformative 
transportation to showcase and evaluate the latest innovative concepts, 
active prototypes, and live systems. A pavilion in the exhibit hall will 
highlight smart cities from around the world.
http://itsworldcongress2017.org

 

designing cities 2017: chicago
Oct. 30-Nov. 2 — chicago
National Association of City Transportation Officials convenes 
transportation leaders and practitioners to discuss key trends in urban 
street design and transportation policy.
https://nacto.org/conference/designing-cities-conference-chicago-2017

water infrastructure conference
Oct. 30-nov. 2 — houston
American Water Works Association conference features five workshops, 
five session tracks, and an exposition focused on solutions to utility 
infrastructure challenges.
www.awwa.org/conferences-education/conferences/water-
infrastructure.aspx   

For nearly 40 years Clearspan FabriC struCtures  has 
been covering engineers with dependable structural solutions. 

industry-leading Warranties - ClearSpan structures are built to last. With 
triple-galvanized steel frames and durable covers, they can withstand corrosive 
environments and will compliment your business for decades to come. 

Cost-eFFeCtive building solutions - Drastically reduce construction costs, monthly 
utilities and maintenance requirements, with a structure that is superior in quality.

FinanCing available - Speak to your Truss Arch Specialist today.
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NO BIDDING
PURCHASE  
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management files

When Bob Thompson, P.E., founded his Denver-based geotechnical en-
gineering firm in 1971, his wife typed up client reports on onionskin 
with carbon paper using a manual typewriter. Reporting techniques are 
not the only thing that has changed in the last four and a half decades, 
and Thompson has been at the forefront of the evolution. Together with 
his team, he has changed the science of geotechnical engineering in 
the West, creating a sound foundation for Colorado’s explosive growth 
while mitigating its negative impacts. 

Thompson was fortunate to learn from Fu Hua Chen, one of the first 
engineers to identify expansive soil and its effects during his work 
on China’s Burma Road. Chen was attracted to Denver because of 
its unique geological conditions — including expansive soils, hidden 
mines, and dipping bedrock, which can wreak havoc for developers and 
builders but present an interesting challenge for an ambitious engineer. 

Armed with his natural curiosity and a solid foundation of knowledge 
from Chen, Thompson built what is now Denver’s largest geotechnical 
firm, including one of the only commercial testing labs in the country 
with unique fly ash and cement analysis and expertise. Over the years, 
he and his team contributed many of the techniques and construction 
detailing used today to minimize risk and movement to both residen-
tial and commercial structures. Because of his commitment to peer 
engagement, Thompson also set a consistent standard of practice for 
engineers practicing in Colorado. These standards raised the overall 
quality of work and fortified the industry against legal action. 

Thompson recently sat down with his longtime colleague, Marc 
Cleveland, P.E., CTL|Thompson vice president, to discuss his history 
in the field and what he sees in its future. The two men have worked 
together since 1975 when Cleveland, still in college, started working 
for Thompson as a lab/field technician. 

Cleveland: What do you think has been the most impactful change in 
geotechnical engineering over the last half-century?

Thompson: In the Rocky Mountain West, the most impactful changes 
are the advanced testing methodologies and mitigation techniques de-
veloped to build in expansive soils. We have a better understanding of 
depth of wetting, which assists in our estimate and prediction of heave 

— and because we have better testing results, we can provide more 
alternatives for mitigating the expansive soil conditions. The overall 
result is better long-term performance of structures. 

Cleveland: What impact have these changes had on the engineering 
community and the public? 

Thompson: These advances in testing and soil mitigation have allowed 
for development in high-risk areas that developers previously would 
avoid. This development has enabled Denver to grow and become the 
vibrant region it is today. 

For example, in the 1970s and 1980s, residential building just west of 
Denver in the foothills of the Front Range was severely limited due 
to the region’s expansive soil and dipping bedrock. These issues were 
resolved in the mid-1990s when we developed deep sub-excavation 
techniques to mitigate the expansive soils and steeply dipping bedrock, 

the geotech 
evolution

CTL|Thompson Vice President Marc Cleveland, P.E., and 
Founder Bob Thompson, P.E., reflect on 45 years in the field.
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opening up acres and acres for both residential and commer-
cial development. 

Back in the early days of the housing boom, homes built 
in and around Denver were constructed using drilled pier 
foundations with slab-on-grade in basements and sometimes 
in lower-level living areas. This was especially true in the 
garden level of a bi-level or tri-level residence, which was 
a popular floor plan at the time. Structural floor systems 
were used for high-traffic living areas. Though the building 
systems and floor plans were common, the area’s expansive 
soil conditions led to cracked foundations and poor floor slab 
performance. 

Today, with expansive soil mitigation, we can use a shallow 
foundation (spread footing or post-tensioned slab), rather 
than a deep foundation. In addition, slab-on-grade can be 

During work on the 31-story One Lincoln Park condominium tower at 20th and Lincoln 
streets, fuel tanks were found buried on the site. CTL|Thompson recommended abatement 

strategies and now the iconic tower houses some of the hottest condos on the market.
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CTL|Thompson is constructing the foundation for Denver’s newest 
office tower, called 1144 Fifteenth. The 42-floor, LEED Gold-certified 
building is being built on a block that formerly housed a fueling 
station, nine-story bank, and streetcar loop.

used in basement areas with a low risk of undesirable 
movement and cracking — far less expensive for the 
homebuilder and more convenient, safer, and less ex-
pensive for the homeowner and those who underwrite 
the home warranties.

I’d say another impactful change has been brought to 
our industry by the progression of computers and in-
stantaneous electronic communication. Geotechnical 
engineering is a science that evaluates materials formed 
by nature, which are variable. It takes time to properly 
evaluate conditions for a site, but clients are under much 
tighter deadlines, causing them to put time pressures on 
our teams. While our work is very systematic, sound 
solutions require the thought of highly experienced 
engineers. Sadly, this creative element is often cut in 
the time crunch, as is a deeper understanding of both 
the client and the project. I think we may develop fewer 
industry-changing solutions because we have lost the 
time to think. 

Cleveland: As geotechnical engineering practices were 
evolving, you joined forces with a few like-minded col-
leagues to solve some of our bigger problems, ultimately 
creating the Colorado Association of Geotechnical En-
gineers (CAGE). What has been the value of this group? 
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Thompson: I thought it made sense for firms to put down their com-
petitive swords and work together to tackle the myriad issues facing 
the industry. In the 1990s, developers, builders, and engineers in Colo-
rado were under considerable pressure — the market was demanding 
growth, but developing on shaky ground led to lawsuits and legisla-
tion. The only way I knew how to tackle these issues was to share our 
experience and work together to address the business and engineering 
issues facing the region. I had seen CalGeo, the California Geotechni-
cal Engineering Association, do great work, and they agreed to help us 
develop a similar structure. 

CAGE was up and running in 1995, and it remains a forum for com-
panies to share information, experiences, and expertise, changing 
competitive relationships to collegial support. 

Cleveland: I recently spoke to Craig Colby (a senior engineer at Ce-
sare Inc. of Centennial), who was on the CAGE board of directors for 
many years. He believes the transparency and shared focus created by 
CAGE led to higher standards and a better overall quality of practice 
for the entire construction industry. Do you think that’s true? He also 
called you a “wrangler” of CAGE’s members. 

Thompson: Ha! I’m glad Craig thinks we made things better. And 
we did make substantive changes by working together. We created the 
standards we still use today for slab-on-grade foundations for residen-
tial and low-rise commercial and for drilled pier design. These stan-
dards improved quality and safety — and buffered the industry against 
the legal action that was all too common in the early days of Denver’s 
growth. 

The peer-reviewed geotechnical study mounted by CAGE also helped 
the industry nationally. With CTL’s lab testing and the expertise of the 
group, engineers around the country gained a better understanding of 
expansive soil and depth-of-wetting issues. 

Cleveland: CTL’s materials testing lab today is one of the few labs in 
the country with its deep understanding of fly ash and cement analysis 
and expertise. Why did you initially acquire the lab? What has been 
the value both to clients and the overall field of structural engineering? 

Thompson: I had a desire to bring new thinking to our industry by 
exploring complementary sciences. While our team performed con-
crete testing for our clients in the early years, we needed other firms 
for additional inspections, particularly with commercial work. By 
acquiring what was then Commercial Testing Labs, Inc., we broadened 
our capacity to test materials used on both commercial and residential 
projects. 

The lab was originally constructed in 1947, and has had some of the 
very best minds in the field working there, from Carl Ray, the original 
owner, to Bud Werner, a national expert who remains with us today, 
providing singular expertise on fly ash, mixtures, and concrete.

Cleveland: What attributes were necessary half a century ago to be a 
successful geotechnical engineer? Which are necessary now?

Thompson: While the science of geotechnical engineering goes back 
to about the 1920s, it was still in its infancy when I got started in the 
’60s. Most of the guys — and they were all guys — came out of schools 
as either civil or structural engineers with maybe a class on geotechni-
cal properties. At that time, geologists would tell people where and 
where not to build. 

The understanding of soil properties and strengthening gained momen-
tum as the U.S. started to build larger and larger structures, primarily 
by the Army Corps of Engineers, which developed many of the early 
geotechnical solutions. Universities and the private sector helped fuel 
advanced testing because of the need to understand soil properties un-
derneath planned developments. 

As we gained more knowledge, engineers began specializing in geo-
tech, taking over for the geologists formerly on our exploratory teams. 
To truly replace geologists, however, engineers needed a deeper back-
ground in science, both geology and the scientific process. Today’s 
engineers also should be proficient in the wide range of technological 
tools we use in the field and back at the office. As your intro states, we 
started out typing reports with a manual typewriter. Clearly technology 
has changed!  

Though more knowledge is demanded of today’s engineer, more is also 
available. The number of completed projects has grown, obviously, so 
we have more background to inform our decisions. With the internet, 
much of this past work is also quickly and easily accessible. 

Cleveland: Looking back at our 45 years in business, what are you 
most proud of? 

Thompson: My goal was to help the construction industry build safe 
and long-lasting structures. We’ve helped an estimated 100,000 proj-
ects get off the ground, which is quite a body of work, and I’m proud 
of each one, whether it was a single-family home or landmark projects 
like Denver International Airport, the Lowry Air Force Base redevel-
opments, and the Pueblo Levee repair. I’m also proud of all the work 
your team is now doing to change Denver’s skyline. When we started 
in 1971 we could only dream of working on the types of foundations 
needed for these high rises. 

Which leads me to my question, Marc. You’ve been doing this nearly 
as long as I have, what are you most proud of? 

Cleveland: Thanks Bob! I am humbled to have been on the ground 
floor, literally, of some of the state’s most notable projects. But I’d say 
the most interesting part of the job is working with our team of experts 
to solve the engineering challenges brought to us by our clients. Find-
ing a smart, budget-friendly way to get any job done gives me the most 
satisfaction.

BOB THOMPSON, P.E., founded CTL|Thompson (www.ctlt.com), a full-service 
geotechnical, structural, environmental, and materials engineering firm, in 
1971. Today it is the largest locally owned geotechnical engineering firm 
headquartered in Denver, with 230 employees in nine offices across Colorado 
and Wyoming. Half of CTL’s leadership team has been with the company more 
than 20 years, including MARC CLEVELAND, P.E., who is vice president. 
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A roundup of civil and structural engineering firm successes.
By Bob Drake

project awards 

and wins
HDR won the ACEC’s Grand Conceptor Award, given annually to the nation's best 
overall engineering achievement, for the new State Route 520 floating bridge near 
Seattle.
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Highlighting their significant design and project management capa-
bilities, civil and structural engineering firms recently announced the 
following recognition awards received for projects completed or under 
construction and contract wins for projects in design or preliminary 
design stages.

Project awards
At a gala in Washington, D.C., on April 25, the American Council of 
Engineering Companies (ACEC) presented its 50th annual Engineer-
ing Excellence Awards. HDR won the Grand Conceptor Award, given 
annually to the nation's best overall engineering achievement, for the 
new State Route 520 floating bridge near Seattle. Key team members 
included Kiewit/General/Manson, construction; KPFF Consulting En-
gineers, civil, structural, and mechanical engineering; BergerABAM, 
civil and structural engineering and roadway design; WSP USA, proj-
ect management, tolling and finance, and environmental engineering; 
Parametrix, Inc., environmental engineering; EnviroIssues, Inc., public 
outreach and planning; and Shannon & Wilson, Inc., geotechnical en-
gineering.

The SR 520 floating bridge project included replacing the existing, 
53-year-old floating bridge and reconstructing the rest of the SR 520 
corridor, from Interstate 5 on the west side of the lake to Interstate 405 
on the east side. The new bridge, at 7,708 feet (about 1.5 miles), earned 
a place in the Guinness World Records as the longest floating bridge 
in the world. It is 130 feet longer, has a bridge deck 56 feet wider, and 
uses 44 more pontoons than its predecessor.

In addition to the award for SR 520, HDR’s Kansas City Streetcar proj-
ect received one of ACEC’s 16 Grand Awards, while the firm’s U.S. 36/
Boulder Turnpike Express Lanes project in Colorado earned one of 20 
Honor Awards.

Among other ACEC award winners, GZA received a Grand Award for 
its foundation design of the $3.98 billion New NY Bridge, which is 
the largest highway-bridge project currently underway in the U.S. This 
design-build project consists of two, 3-mile-long bridges that carry 
I-87/287 across the Hudson River between Tarrytown and Nyack, 
N.Y. The project team overcame complex ground conditions along the 
bridge route, including a compressible clay layer as deep as 750 feet. In 
this area, the team used steel pipe piles as long as 360 feet, having ca-
pacities of 2,100 tons, which is unprecedented for the soft soils within 
the Hudson River Valley. In addition, there were nearly 400 fewer piles 
than proposed by other competitors.
 
The bridge was designed and is being constructed by Tappan Zee 
Constructors, LLC, a consortium of Fluor, American Bridge, Granite, 
and Traylor Bros. HDR was the lead designer; major subconsultants 
included GZA, Buckland & Taylor, and AECOM.

The first phase of Seattle’s waterfront rejuvenation — the $410 mil-
lion, 3,700-foot-long seawall replacement project — also won a Grand 
Award in the Environmental category in recognition of its salmon-
friendly design by Seattle engineering firm Magnusson Klemencic 
Associates (MKA). The City of Seattle Department of Transportation 
hired Parsons to complete an existing 30 percent seawall replacement 
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design (developed by a previous team). MKA served as Parson’s 
“Public Realm Lead,” responsible for design integration of all project 
habitat and public space components.

MKA’s design stacked the pedestrian promenade public space over 
the salmon migration corridor by siting the new seawall face 15 feet 
landward of its old location. MKA also performed daylight modeling 
and analysis of a custom light-penetrating sidewalk (LPS), provided 
design oversight of the LPS panels and of artistically textured face 
panels and habitat shelves fronting the new seawall to offer food and 
protection, and designed other key public space components, including 
a movement joint plate between the sidewalk and the piers, a custom 
vehicle-rated railing, pedestrian benches, and steel riparian planters. 

Five projects from Gannett Fleming were honored at the ACEC 2017 
Engineering Excellence Awards gala. The C.W. Bill Young Regional 
Reservoir and the Newtown Creek Wastewater Treatment Plant re-
ceived Honor Awards, while the Maintenance-IQ application, the Hul-
ton Bridge Replacement, and the Central Services Facility received 
National Recognition Awards.

Renovation of the 15.5 billion-gallon C.W. Bill Young Regional Reser-
voir in Tampa, Fla., addressed all of the reservoir’s active and credible 
failure modes and upgraded the reservoir’s intake tower and aeration 
system. As a result, this critical water resource for 2.4 million custom-
ers was restored to its optimum working condition and placed back into 
operation. The Newtown Creek Wastewater Pollution Control Plant 
(WPCP) in Brooklyn is the largest of the New York City Department of 
Environmental Protection’s 14 WPCPs. Gannett Fleming, CB&I, and 
Michael Baker International formed a joint venture team for construc-
tion management of a six-year upgrade that increased the plant’s wet 
weather processing capacity from 310 to 720 million gallons per day.

CH2M received two ACEC National Recognition Awards for the Iowa 
100 Extension Project and the Geospatial Asset Inventory Program in 
Peachtree Corners, Ga. The 8-mile IA 100 Extension project, located 
on the west side of Cedar Rapids, is a new access-controlled, four-lane 
divided highway that includes three service interchanges and a system 
interchange. The project corridor was very tight with numerous sensi-
tive environmental and right-of-way constraints. Peachtree Corners’ 
asset inventory program grew out of the city’s need to take stock of 

Gannett Fleming received an ACEC Honor Award for renovation of the 15.5 billion-gallon C.W. Bill Young Regional Reservoir in Tampa, Fla. The project addressed all of the 
reservoir’s active and credible failure modes and upgraded the reservoir’s intake tower and aeration system.
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the signage, communication systems, and related assets along 122 
centerline miles of roads and rights-of-way in the city limits. For this, 
Peachtree Corners opted to use LiDAR.

In addition, CH2M provided design services for two ACEC National 
Recognition Award recipients — Gerald R. Ford International Airport 
Drainage Improvements and the Sellwood Bridge Replacement project.

The Heavy Construction Contractors Association recognized the I-66 
widening design-build project in Virginia with its Excellence in Infra-
structure Award for a project over $15 million. As part of a design-build 
contract to the Virginia Department of Transportation, Dewberry com-
pleted design for the $54.8 million widening of I-66 from four to eight 
lanes, including one high-occupancy vehicle lane in each direction, 
between Gainesville and Haymarket. To reduce right-of-way impacts, 
widening was completed primarily within the median of the existing 
travel lanes. Additionally, more than 13,000 linear feet of noise barriers 
were installed.

Project wins
The Port Authority of New York and New Jersey selected WSP USA 
to conduct preliminary engineering and other planning work for a new 
AirTrain connection to LaGuardia Airport. The firm will analyze and 
assess alignment alternatives, conduct a geotechnical review, create a 
conceptual design for both the train right-of-way and as many as two 
new stations, and develop cost estimates for the project. The firm also 
will conduct a detailed ridership analysis, analyze public-private part-
nerships and other options to identify the most advantageous financing 
plan for the AirTrain, as well as evaluate expanded parking and central-

ized car rental operations at a new Willets Point station complex.

Pegasus Link Constructors LLC, a joint venture between Balfour Be-
atty (45 percent) and Fluor Corporation (55 percent) was awarded a 
$625 million contract to reconstruct and improve the Southern Gate-
way, an 11-mile stretch of road in Dallas. Work includes increasing 
capacity on I-35E south of downtown Dallas, rebuilding the I-35E/US 
67 interchange, and widening US 67 from I-35E to I-20.

Jacobs Engineering Group Inc. was awarded a seven-year professional 
services prime contract for project and construction management by 
Los Angeles World Airports (LAWA) to support its Landside Access 
Modernization Program, Airline/Tenant Improvement Program, and 
Capital Improvement Program at Los Angeles International Airport 
(LAX). LAWA has initiated the planning and development of more than 
$14 billion in capital improvements at LAX. Jacobs’ services include 
planning; project, construction, and design management; construction 
logistics and impact analysis; staff training and development; change 
management; and environmental reporting.

The North Carolina Division of Mitigation Services selected Michael 
Baker International to restore and preserve the Finches Branch Stream, 
wetlands, and surrounding habitat located on the historic Lochill Farm 
in Hillsborough, N.C. Michael Baker’s design will raise the stream 
beds to the proper elevation, install in-stream features like riffles and 
pools, stabilize all the banks, and reconnect the stream to its original 
floodplain, restoring hydrology and function to the adjacent wetlands 
on the site.
PROJECT+TECHNOLOGY

Build your NCEES Record today. 
ncees.org/records

“An NCEES Record makes it 
fast, easy, and convenient to 
apply for additional P.E. 
licenses in other states.”

Alexander Zuendt, P.E.
Zuendt Engineering
Record holder since 2011

RECORDS

National Council of Examiners  
for Engineering and Surveying®
P.O. Box 1686, Clemson, S.C. 29633
864.654.6824



22          csengineermag.com          july 2017

Just 90 minutes from Melbourne, Australia’s most popular penguins 
attract more than 600,000 visitors annually from all over the world. 
The daily Penguin Parade on Victoria’s Phillip Island is both a natural 
treasure and an icon for tourism. To enhance the visitor experience and 
increase domestic and international visitation, the Phillip Island Nature 
Parks asked Tract Consultants to execute phase one of a master plan 
that would expand the island’s network of trailways and viewing areas. 

Tract used Bentley’s OpenRoads civil design software to create a trail 
system that provided unprecedented views without impinging on the 
habitat of Little Penguins and other native wildlife. The AUD 2.8 
million project won multiple awards for seamlessly achieving these 
economic and ecological goals.
 
Cost-conscious environment
Dedicated to excellence in nature conservation and eco-tourism, the 
Phillip Island Nature Parks manage five major attractions, including 
Australia’s No. 1 wildlife tourist attraction, the Penguin Parade. This 
natural phenomenon features the island’s resident colony of Little Pen-
guins making their daily trek from a day of fishing at sea to a night of 
sheltering in their burrows. Eco-tourists view the parade from elaborate 
tiered platforms designed to enhance sightlines without disturbing the 
33-centimeter-tall birds, which are the smallest species of penguins. 

The Penguins Plus viewing area is located in the southwestern tip of 
Phillip Island, on Summerland Peninsula. The peninsula’s unique habi-
tat presented a rare opportunity for conscientious expansion of eco-
tourism on the island. The parks first hired Tract, a recognized leader of 
landscape architecture in Australia, to create a master plan for manag-
ing and preserving the spectacular coastal scenery and unique wildlife. 
To attract and prolong visits to the island, the plan called for creation of 
diverse eco-tourism and recreation experiences that would complement 
the Penguins Plus viewing area, such as a new underground viewing 
facility for visitors to observe penguins at ground level. The improve-
ments would also alleviate overcrowding in the existing infrastructure 
and remove built structures that overlapped penguin habitat. 

Phillip Island Nature Parks retained Tract to implement the first stage 
of the master plan, which would expand the network of trails through-
out the peninsula and add a series of elevated boardwalks and viewing 

experiences at the Penguin Parade facility. The challenge was to create 
immersive experiences with minimal impact on the coastal flora and 
fauna. 

Above all, the new boardwalks could not obstruct penguin paths or 
burrows. At the same time, some sections had to be accessible to pe-
destrians, wheelchairs, and bicyclists, which required compliance with 
safety standards for handrails and balustrades under specific grade/
height conditions. To control costs, the trail network would have to 
be based on sound landscape design principles so construction cost 
estimates could be made with a high degree of certainty. 
 
Modeling rugged terrain
Tract used OpenRoads, Bentley’s civil design software for road design 
and analysis, to model the undulating terrain and plan the trailway 
system. Bentley’s applications allowed Tract to accurately design a 
trail network that hugged the natural terrain without having to perform 
the labor-intensive process of grading by traditional CAD methods. 
LiDAR technology generated the point-cloud data for geolocation and 
horizontal and vertical alignments within the project area, while Mi-
croStation produced the dynamic templates used for design modeling 
and evaluating multiple alternatives — “optioneering.” 

OpenRoads provided the rigorous analysis technology needed for the 
project team to establish the best locations for scenic outlooks and 
seating areas. Slope maps indicated suitable alignments and grades 
to maintain accessibility throughout the network, even when bridging 
valleys and ridges. The software’s mapping solutions helped determine 
where to route the trail to avoid the costly construction of balustrades. 
However, boardwalk heights in excess of 950 millimeters triggered a 
design rule requiring the installation of balustrades to meet code. 

Bentley’s digital terrain modeling technology enabled Tract to create 
richly detailed site plans and displays early in the project. This was 
essential to providing the client, stakeholders, and the community a 
realistic perspective on the opportunities and constraints of the site. 
Because the plans and views were easily interpreted by all parties, 
Tract was able to communicate the design intent simply and efficiently.

Tract used OpenRoads modeling applications to illustrate how the 
trailway design would preserve and enhance scenic views. If an align-
ment impinged on the landscape, vegetation, or coastal overlooks, the 
project team easily selected an alternative route and quickly updated 
the project model. Fly-through views revealed where the trails would 
be visible from the road, so adjustments could be made to keep trails 
out of sight and preserve the scenic coastal drive experience. 

Accuracy lends confidence
Using OpenRoads early in the project life cycle enabled Tract to cre-
ate a typology for the Phillip Island Nature Parks trail system and, at 
the same time, easily make exceptions as needed to protect the habitat 
and its inhabitants. As a result, more than 10 kilometers of trails were 

Penguin Parade 
at Phillip Island Nature Parks

Tract Consultants expands trails for eco-tourists, balancing viewing 
experiences and habitat preservation against construction costs.

By Rachel Rogers

software + TECH Channel Sponsor: Bentley Systems Inc. | www.bentley.com
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designed to wind their way through rough and rolling terrain with 
minimal disturbance to the fragile ecosystem. 

InRoads templates helped to determine which trail typology (gravel 
path versus raised boardwalk) to implement as trails passed through 
different coastal zones. This created significant savings when it was 
possible to choose the less costly gravel paths. When boardwalks were 
indicated, safety and accessibility features were specified as required. 

The project team also realized benefits from working with software 
applications that supported collaborative design review. Because Mi-
croStation and OpenRoads used DGN file format, team members were 
able to share files and collaborate across disciplines without loss of data 
integrity. Navigator was used to review 3D i-models both internally 
and externally, which saved considerable time during review cycles. 
This also made it easy for Tract to create multiple design options for 
the client’s consideration. By enhancing the design team’s productivity 
and efficiency, Bentley software helped to ensure Tract stayed within 
budget. 

InRoads supported a high level of accuracy from the earliest stages of 
the project, providing a degree of confidence in the trailway design that 
would prevent changes during construction. This proved invaluable to 
avoiding delays in the highly restrictive construction zone. As a result, 
the project was completed on time and without overlapping with the 
penguins’ breeding season. 

Not-for-profit economy
As a not-for-profit organization, Phillip Island Nature Parks rely on 
revenue generated by the Penguin Parade to maintain the parks’ as-
sets, provide conservation and education programs, and fund major 
research. It was imperative that no harm to the penguin habitat result 
from the expansion of the trail network, yet costs had to be carefully 
considered. 

Tract presented various design scenarios that balanced visitor expec-
tations against construction costs, so the client could weigh the cost 
benefits. Bentley software enabled Tract to develop alternatives for 
review within hours instead of days. Tract estimates that the software 
cut design time at this phase by a factor of eight, contributing to further 
savings.

Throughout the project, Tract consistently applied design rules that 
factored in the cost of materials and construction. For example, au-
tomated tasks such as detecting the distance from the boardwalk to 
the ground triggered the use of balustrades only as needed. Executed 
in OpenRoads, this template reduced design time by an estimated 40 
percent. The 3D model also allowed the team to choose a design option 
that negated the need for balustrades, which saved 50 percent per linear 
meter. Tract’s proven ability to reduce both design time and construc-
tion costs earned the firm the contract for the next phase of expansion, 
extending the trail network to other parts of the Summerland Peninsula.

The Penguins Plus viewing area, designed by Tract in collaboration 
with Wood March Architects, received the 2016 Australian Institute of 
Landscape Architects Victorian Chapter Award of Excellence in Tour-

Eco-tourists can view the Penguin Parade from tiered platforms designed to enhance 
sightlines without disturbing the 33-centimeter-tall birds. 

Choosing cost-conscious trailway design options saved 50 percent per linear meter.

OpenRoads enabled Tract Consultants to model the terrain and design more than 10 
kilometers of winding trails without impinging on the fragile ecosystem.
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Swanton Consulting has transformed the design of temporary works 
such as façade and basement retention using a software program that 
creates instant 3D models from laser scanner data. Processing of point 
clouds used to take Swanton as long as two weeks. However, since 
introducing Pointfuse V2 point cloud processing software, Swanton 
can now produce highly accurate vector models, suitable for immedi-
ate use by design engineers, in less than a day.  

Swanton Consulting specializes in the design of temporary works, deep 
basements, façade retentions, retaining walls, specialist structural ele-
ments, and contractor-delegated design elements. Working alongside 
design teams and contractors, Swanton is one of the leading providers 
of façade retention engineering solutions in London. 

“One of the first projects we tested Pointfuse on was the design of 
steel structure to support the façade of two Grade II listed structures in 
London’s prestigious Mayfair,” said Pearse McMahon, senior techni-
cian at Swanton Consulting. “The façade scheme was developed and 
coordinated with the permanent works, with the layout driven heavily 
by the use of 3D modeling from point cloud surveys.”

Data to support the design of the façade steel work was collected by 
Swanton’s Testing and Monitoring division using a Leica ScanSta-
tion laser scanner. Originally, the vast point cloud was imported into 
Trimble’s 3D construction modeling software, Tekla Structures. The 

1.5-GB DXF CAD file, comprising more than 6 million crosshair 
points, then took the best part of two weeks to process into a usable 
model onto which the steel structure framework could be positioned.

Following acquisition of Pointfuse V2 software, the original point 
cloud was reprocessed to create a 3D model of the façade in the 
open IFC format for use in a variety of software packages, including 
Trimble’s Tekla and AutoCAD Revit. However, rather than taking two 
weeks to create usable models, the Pointfuse output was ready for use 
by the steel work designers in less than a day.

“Pointfuse will transform our use of laser scanned data,” McMahon 
said. “With highly accurate vector models available for use by design 
teams in hours rather than days, we are more efficient and more ef-
fective — savings we can pass on to construction partners and end 
clients.” 

ism, as well as the United Nations Association of Australia 2016 World 
Environment Day Award for Infrastructure Innovation. The uniquely 
contoured viewing locations blend in with the coastal landscape and 
seamlessly connect to the new boardwalk system, creating an unprec-
edented wildlife viewing destination. The addition of visually stunning 
pathways through this prized natural resource will help to increase 
national and international eco-tourism, benefiting the parks as well as 
the local business community.

3D models support 
the construction process

Pointfuse point cloud software transforms 
design of temporary works.

Swanton Consulting uses 3D models to design temporary works, deep basements, 
façade retentions, retaining walls, specialist structural elements, and contractor-

delegated design elements.

Tract applied design rules that factored in the cost of materials and construction. For 
example, automated tasks such as detecting the distance from the boardwalk to the 

ground triggered the use of balustrades only as needed.

Information provided by Arithmetica (http://pointfuse.com). 

RACHEL ROGERS joined Bentley Systems in 2012 and is currently the application 
marketing director for Bentley’s civil design, geospatial, imaging, and hydraulic 
and hydrology products. Prior to joining Bentley, she served as marketing direc-
tor for Autodesk, Intergraph, and Z/I Imaging, respectively. She has more than 
20 years’ experience marketing 3D modeling products in the transportation, 
land development, government, geospatial, and earth imaging industries. 
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Validating and sharing BIM
Invicara’s BIM Assure 1.2 allows project teams 
to collaborate on data quality.

Information provided by Invicara (http://bimassure.com).  

sOFTWARE + TECH

Invicara, released BIM Assure 1.2 with new features focused on 
making BIM data validation and reporting easier and faster. The 
latest tools help users edit data quickly and share information 
with people who don’t have access to BIM.

BIM Assure is a collaborative, cloud solution that unlocks BIM 
data and helps entire project teams collaborate on data quality. 
BIM Assure’s intelligent rules help users to quickly identify and 
resolve issues to improve BIM quality and sync the corrections 
back to the source model. In addition, the web app provides a 
common BIM environment that lets architects, engineers, con-
tractors, and owners share models and manage data, creating 
new opportunities to streamline design and construction work-
flows and improve project delivery. 

BIM Assure’s new capabilities include:
• Element Data Editing — Unlock building information and create 

new workflows to edit model data and fix issues directly in BIM 
Assure and sync the updates back to Revit.

• Element Reports — Provide detailed reports on model data in 
Excel to help share information with other people and systems. 

• Data Slices — Create a focused set of model elements to 
streamline model navigation and data reporting.

• Interactive 2D Views — Improve communication by providing 
access to building plans and data in interactive 2D views. Users 
can select elements in a 2D view and highlight it in the 3D model.

“My owner clients are demanding better data,” said Tim Luke, 
CEO of Basepin, a BIM consultancy. “Basepin’s level of devel-

opment- (LOD-) based contracts specify exactly what model data is required 
and how it can be used. We use BIM Assure to check models against agreed 
LOD requirements and produce LOD reports. BIM Assure is helping us en-
sure the models have the right information — reducing RFI’s and providing 
a better project handover.”
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Information provided by Autodesk (www.autodesk.com).

Autodesk said the release of Autodesk Revit 2018 software is the lat-
est step in the continual evolution and development of its software for 
multidiscipline-connected BIM. Revit 2018 features extend design 
toward detailing for MEP and multi-material structural models. 

“Revit 2018 is optimized to be part of a foundational BIM portfolio 
that serves the major design disciplines of architecture, MEP, and 
structure, and the major material trades with MEP, steel, and concrete,” 
said Jim Lynch, vice president of BIM products at Autodesk. “This en-
ables designers, the trades, and contractors to model with greater levels 
of detail that can help drive the fabrication process more seamlessly.” 

For structural engineers 
With tools for additional control over steel connections, Revit 2018 
improves the workflow between engineers and steel detailers, helping 
to reduce errors with more accurate estimating and detailing. 

Revit users can create steel connections between columns, beam, and 
bracings using any families, including those that are user-defined. In 
addition, the Steel Connections for Revit add-in brings in more than 
100 new connections for detailed steel modeling. Engineers can now 
model not only the steel frame in a BIM environment, but also hun-
dreds of types of steel connections and details that more seamlessly 
integrate with Autodesk Advance Steel to automate steel detailing and 
help make models fabrication-ready.

Revit 2018 features increase rebar modeling versatility with func-
tionality that helps users define a more accurate reinforcement for 
non-standard shapes of concrete elements. Users can place rebar in 
concrete elements that have complex geometry such as curved piers or 
decks and architecturally demanding building objects. And users can 
now reinforce imported concrete elements from SAT files or Autodesk 
InfraWorks software. 

In Revit 2018, graphical rebar constraint management is available in 
3D views, helping users define complete models more quickly. Revit 
can be used to transform a concrete design into detailing that con-
nects to fabrication, allowing concrete engineers and detailers to work 
closely in a BIM environment.

The Dynamo Player, released with Revit 2017.1, is now part of Revit 
2018, offering a utility that plays scripts created in the Dynamo graphi-
cal programming interface, making it easier for users to apply scripts 
that can enhance and extend Revit model behavior.

Revit 2018 also extends the power of global parameters, which help 
embed design intent in a model to also apply to radial and diameter 
dimensions and equality constraints. New coordination model linking 
lets users use a Navisworks file as an underlay in Revit, making it easier 
to coordinate with outside teams that might not be working in Revit.

More information on new features in Revit 2018 is available at http://
www.autodesk.com/products/revit-family/features/all. 

From design to detailing
Autodesk Revit 2018 strengthens support for multidiscipline design.

Increase 3D rebar modeling versatility to define reinforcement for non-standard 
concrete elements. Image: courtesy of Autodesk

Use a Navisworks file as an underlay in Revit to compare with a non-Revit model for 
coordination purposes. Image: courtesy of Autodesk 
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This summer, the Université du Québec à Montréal 
(UQAM) Centre de Design will host a special exhibi-
tion examining architect Moshe Safdie’s pioneering 
urban housing complex Habitat 67, its manifestation 
over the course of Safdie’s global career, and its last-
ing influence on the architectural field at large. 

A Canadian National Heritage Site and living land-
mark, Habitat 67 evolved from Safdie’s thesis project 
at McGill University and was commissioned by the 
Canadian government, the province of Quebec, and 
the city of Montreal as a major, living exhibition for 
the 1967 World’s Exposition. From the moment it 
opened, Habitat 67 captured the international public 
imagination and has become an enduring icon of 
Expo 67 and Canadian pride. It remains to this day 
a source of inspiration for architecture devoted to 
humanistic ideals.

On view from June 1 through Aug. 13, 2017, Habitat 
67 vers l’avenir/The Shape of Things to Come traces 
the trajectory of Safdie’s work from its origins to the 
present, demonstrating how Safdie has consistently 
applied the design principles and ideologies he intro-
duced as part of Habitat 67 to every project since that 
time. 

Jointly organized by Safdie Architects and UQAM’s 
Centre de Design, with curatorial direction from 
independent curator Donald Albrecht, the exhibition 
opens with archival images and objects from the proj-
ect’s origins with conceptual drawings and models, 
bringing them together with plans for unbuilt itera-
tions of Habitat that Safdie designed soon after for 
New York, Puerto Rico, and Israel.

“Moshe Safdie’s career has traced a remarkable 
trajectory in the canon of modern architecture,” Al-
brecht said, “from his famous Habitat 67 to projects 
he designed in its immediate wake, which this exhibi-

Inspiring 
urban housing

Montreal celebrates the 50th anniversary
 of Architect Moshe Safdie’s Habitat 67.

Habitat 67 evolved from Moshe Safdie’s thesis project at McGill University 
and was commissioned by the Canadian government, the province of Quebec, 

and the city of Montreal as a major, living exhibition for the 1967 World’s Exposition. 
Photo: Studio Graetz

Moshe Safdie at Habitat 67 during construction in 1966. 
Photo: Collection of Safdie Architects

View from the courtyard of Habitat 67. Photo: Timothy Hursley
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tion sheds new light on, to 21st-century reimaginings 
of Habitat 67 that address Safdie’s career-long com-
mitment to a dense, yet humane, urbanism.”

The exhibition continues with the presentation of 
“Habitat for the Future,” a series of models and ren-
derings developed by a team of architects involved in 
a two-year research fellowship working with Moshe 
Safdie and principals from Safdie Architects, revisit-
ing and reimagining how one might approach building 
Habitat in current times. Many of the prototypes that 
emerged from the fellowship have catalyzed creative 
solutions to today’s increasingly complex building 
challenges, and are materializing through Safdie’s 
current global housing and mixed-use projects.

The exhibition culminates with models and pho-
tographs from several recent projects around the 
world, many of which will make their public debut at 
UQAM Centre de Design. 

“Habitat 67 is more than just Montreal’s favorite 
building — it’s one of the most important architec-
tural constructions of our time,” said Patrick Evans, 
UQAM Centre de Design director. “Its great promise 
to industrialize and democratize modern, high-densi-
ty, humanist housing throughout the world stands as 
one of the most ambitious endeavors of the previous 
century.” 

“If Montréal is now designated a UNESCO City of 
Design, it is because of its innovative, functional, 
sustainable buildings, such as Habitat 67, its con-
centration of design talent, and its desire to make 
creative design central to its development,” said 
Denis Coderre, mayor of Montréal. “A vital, inven-
tive international cultural metropolis, Montréal is 
more inviting and inspiring than ever on this 375th 
anniversary.” 

Support for the exhibition was provided by 375 Mon-
treal (www.375mtl.com). 

Information provided by v2com (www.v2com-newswire.
com), an international newswire specializing in design, 
architecture, and lifestyle.
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Metal buildings comprise about 50 percent of the new, low-rise non-
residential construction market in the U.S. today. They are constructed 
for a wide variety of uses, such as school and athletic buildings, vehicle 
dealerships, retail stores and centers, manufacturing facilities, agricul-
tural buildings, warehouses, and more. These buildings are popular for 
a number of reasons, such as their versatility, flexibility, and cost ef-
fectiveness. In addition to these well-known features, metal buildings 
also have a number of sustainable attributes that make them a smart 
choice when looking to go green. 

The sustainable features of metal buildings are numerous and include 
the recycled content and the recyclability of the steel used, efficiency 
in construction time and material usage, and long-lasting metal roofs. 
And now, the Metal Building Manufacturers Association (MBMA) 
provides an array of resources that document the sustainability of metal 
buildings. Three new Environmental Product Declarations (EPDs), a 
complete whole building life cycle analysis, and case studies compar-
ing the environmental impacts of metal building systems to the impacts 

of other building types are some of the resources that MBMA has re-
cently made available via the organization’s website.

100 percent recyclable
Metal buildings typically use recycled steel in all parts of their primary 
and secondary framing, metal roof, and wall panels. At the end of its 
current use, this steel is nearly 100 percent recyclable. According to 
the Steel Recycling Institute (www.recycle-steel.org), structural steel 
has a recycling rate of 98 percent. The steel that is used today almost 
certainly will be used again when it has completed its job, lessening 
the environmental impact in the future. With the high volume of steel 
used throughout metal buildings, this is an important factor to consider.

Little to no material waste
Waste — or the lack of it — is another attractive aspect of metal 
buildings. Metal building systems manufacturers produce the primary 
framing, secondary framing, metal roof, and wall cladding to exacting 
specifications, custom engineered for each specific project. During the 
fabrication phase, the amount of steel and other materials used in a 
metal building is optimized and what waste there is can be immediately 
recycled or reused. On the jobsite there is minimal waste from these 
primary parts of the building.

Local sourcing and construction speed
Most metal building manufacturers have plants located around the 
U.S., so regionally sourced materials are typically available. Building 
materials are produced specifically for each job, so jobsite prepara-

The case for metal buildings: 
An environmental perspective

New MBMA resources help document sustainability features.
By Dan Walker, P.E.

Standing seam metal roofs are automatically solar-ready. Solar panels can be easily 
attached to the upright standing seams using non-penetrating clamps.

structures + buildings
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tion can be focused — and disruption to the land and surroundings 
is greatly minimized. After all the materials have arrived at the site, 
construction times are often faster than with traditional techniques and 
materials. This keeps costs and environmental exposure to a minimum. 
Compared with other roofing materials, metal roofs have extended life 
spans — typically 40 years or longer — and are completely recyclable 
when they finally need to be replaced. These are a few, but certainly not 
all, of the sustainable benefits of metal building systems.

Navigating codes and ratings
Along with the growth in sustainable building has been a correspond-
ing surge in new codes and rating systems. Some of the more well-
known green building codes and ratings organizations include: 
• U.S. Green Building Council’s (USGBC) Leadership in Energy and Envi-

ronmental Design (LEED) project rating system; 
• Green Building Initiative’s (GBI) Green Globes rating system; 
• ANSI/ASHRAE/USGBC/IES Standard 189.1, Standard for the Design of 

High-Performance Green Buildings Except Low-Rise Residential Con-
struction; and 

• International Code Council’s (ICC) International Green Construction Code 
(IgCC). 

To satisfy the various codes and ratings organizations, designers and 
builders need documentation, often produced by third parties. One 
type of document that is often used is the industry-wide EPDs derived 
from Life Cycle Assessment (LCA) reports. The data used within the 
EPDs and LCA reports are also included within whole building LCA 

software design tools, such as the Athena Institute Impact Estimator 
software. MBMA members have been at the forefront of this effort, 
working with various third-party entities to document the benefits of 
metal building systems. 

In recent years, MBMA worked with the Athena Institute to create an 
LCA for metal building systems. The organization also worked with 
UL Environment (ULE) to verify industry-wide EPDs that comply with 
ISO 14025 and ISO 21930 standards. Using life cycle inventory (LCI) 
data incorporated into the Athena databases and Athena Impact Esti-
mator, the LCA study benchmarked the environmental impacts of three 
specific parts of a metal building: the primary framing, the secondary 
framing, and the metal cladding. ULE generated three industry-wide 
metal building EPDs, one for each of these metal building elements, 
using the LCA study results. Designers can now use the information 
to gain credits, meet codes, and better understand the sustainable at-
tributes of metal buildings.

The three complete EPDs and the LCA report can be found in the 
Energy and Sustainability section of www.mbma.com. In addition to 
the Athena databases and information, MBMA and its members have 
contributed to the industry-wide data used in the National Renewable 
Energy Laboratory (NREL) U.S. LCI Database. This information can 
be incorporated into other whole building LCA software to evaluate 
specific buildings and is available at www.nrel.gov/lci. 

In addition to this information, MBMA recently commissioned a third 

During fabrication, the amount of steel and other materials used in a metal building is 
optimized, and what waste there is can be immediately recycled or reused.

Metal building systems manufacturers produce the primary framing, 
secondary framing, metal roof, and wall cladding to exacting specifications, 

so there is minimal jobsite waste.
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party to conduct a study comparing sustainable aspects of metal build-
ings to other common building types. Walter P Moore & Associates, 
Inc. undertook a series of independent, whole building life cycle as-
sessments using the Athena Impact Estimator software. A total of 30 
buildings in various parts of the U.S. were analyzed for the case study.

The scope of the project included primary and secondary structural 
framing, wall and roof materials (including insulation), and founda-
tions. It did not include items common to all buildings that would be 
repeatable for all cases and would not affect the outcomes. The study 
focused on the six major environmental metrics that the Impact Esti-
mator uses:
• global warming potential;
• ozone depletion potential;
• acidification potential;
• smog potential;
• non-renewable energy; and
• eutrophication potential.

The results for the two larger building types are clear: “Metal buildings 
showed lower environmental impacts in all six metrics when compar-
ing structural and envelope materials to load-bearing masonry walls, 
concrete tilt up, and steel-framed construction of the same building 
footprint and functional equivalence.” 

“In conclusion,” the analysis said, “the study results show that, for the 
types of building where metal buildings are typically most economical, 
they typically also perform better in LCA analyses and have the least 
embodied building material impact.” 

The case studies provide this accessible analysis for those who don’t 
have the time or ability to easily generate their own LCA comparisons 
and is available for free download at www.mbma.com. 
 
Metal buildings systems have long been a popular choice for new 
low-rise, nonresidential buildings in the U.S due to their versatil-
ity and cost-effectiveness. Even though the environmentally friendly 
aspects of these buildings have been evident for some time, MBMA 
now provides the data and resources that quantifies their sustainability. 
With so many resources available, MBMA makes it less cumbersome 
to understand, evaluate, and maximize the sustainable aspects of metal 
building systems.

The Department of Enterprise Services is overseeing a Washington 
State pilot project to build 20 kindergarten through third-grade class-
rooms using cross-laminated timber (CLT) in five school district sites 
in Washington. The state’s 2016 supplemental capital budget included 
$5.5 million in the state building construction account for the pilot 
project, which, in addition to constructing the classrooms, will measure 
how well using the engineered wood product creates efficiencies in the 
construction process and achieves other environmental and economic 
benefits. 

Potential benefits include:
• reduced quantity of construction site waste due to prefabrication of 

panels;
• quicker construction time because services can be installed and finishes 

applied while panel installation continues;
• creation of local jobs, especially in rural communities;

• profitable thinning of forests, reducing the danger of wildfires; and
• reduced use of fossil fuels to manufacture using wood, compared with 

using structural concrete, masonry, or steel.

Washington’s fourth mass timber modular classroom project, a four-
classroom building at Greywolf Elementary in Sequim, was erected in 
a single day. The pilot project is creating a way to improve classroom 
conditions for students, while also supporting one of the Pacific North-
west’s most promising new industries. The use of innovative contacting 

DAN WALKER, P.E., is associate general manager for the Metal Building Manufac-
turers Association (www.mbma.com).  

Efficient 
classroom construction

Washington State raises cross-laminated 
timber panels as part of a pilot project.

Prefabricated CLT panels were designed and cut to the architect’s specifications, 
allowing erection of a four-classroom building in a single day.

structures + buiLdings
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methods by the Department of Enterprise Services allowed the project 
to go from concept to completion in less than a year.

“We are very appreciative for the opportunity to manufacture these 
cross-laminated timber panels for this pilot project”, said Valerie John-
son, D.R. Johnson Wood Innovations’ president. “Our company was 
the first U.S. certified manufacturer of this product, so it took a bit of 
a leap of faith to believe the market demand would grow. The Pacific 
NW is the best region in the country to lead this evolution of building 
with mass timber construction systems. This project will be another 
important catalyst for similar projects that follow.”

The pilot project provides needed classroom space for K-3 students in 
Washington who would otherwise be served by temporary buildings — 
giving the state an opportunity to test and fine-tune multiple classroom 
designs. Additionally, it gives Washington designers, contractors, and 
suppliers a chance to advance their skillset using this new building 
method.

“I’m so excited to see a school project like this showing off CLT. The 
team should be commended for their work to stimulate the market for 
this innovative wood product with its opportunities for manufactur-
ing and rural jobs — all using locally produced wood,” said Hilary S. 
Franz, the state’s Commissioner of Public Lands. “The fact that the 
Sequim school project used lumber from the Olympic Peninsula, mere 
miles from the school site, is testament to this industry’s incredible 
potential.”

The CLT panels were manufactured by Oregon’s D.R. Johnson Wood 
Innovations using lumber sourced from Interfor, located in nearby Port 
Angeles on the Olympic Peninsula. Each panel was designed and cut 
to the architect’s specifications, easing the burden on the construction 
contractor during assembly.

“What we’re seeing in the Pacific Northwest is the creation of a closed 
loop; a ‘forest-to-frame’ ecosystem is taking shape,” said Joe Mayo, 
Mahlum Architects’ project architect. “The state’s investment in this 
pilot project is giving the Northwest an edge by allowing firms in our 
region to get up-to-speed quickly on CLT and demonstrate by example 

that building with mass timber is not only possible, but a key step for-
ward in sustainable design.” 

Unlike most other building methods, mass timber construction uses 
prefabricated CLT panels. This requires close collaboration among 
the contractor, design team, fabricators, and installers. All parties are 
equally important and affect how successfully the CLT will be installed. 
The design and planning completed during pre-construction pays off 
with a greatly reduced construction schedule.

“The ease of installation at the Sequim school project demonstrates 
that building with mass timber, regardless of project complexity, is still 
faster than traditional framing,” said John Gilson, Walsh Construction 
Co. project manager. “Installation that would take four to five days 
with conventional framing (or two to three weeks for a larger project) 
is easily achieved in half the time.”

The 3,960-square-foot building comprises four classrooms, two shared 
work rooms, and two restrooms. Interior walls can be removed to pro-
mote co-teaching.

All load-bearing walls in the buildings are constructed from CLT and 
left exposed to view on the interior. As a result, students will be sur-
rounded by natural wood. According to Planet Ark’s 2015 study, Wood 
— Housing, Health, Humanity (http://makeitwood.org/documents/
doc-1253-wood--housing--health--humanity-report-2015-03-00-final.
pdf; a study sponsored by the wood industry), wood in classrooms has 
been shown to reduce stress and students’ heart rates.  

The modular design can be replicated on any site, allowing school 
districts to respond quickly to overcrowding and classroom demands.

For more information, visit http://des.wa.gov/about/projects-
initiatives/cross-laminated-timber-pilot-project. 

Watch a time lapse video of the Mt. Vernon project at https://vimeo.
com/209469432. 

Information provided by D.R. Johnson Wood Innovations (www.oregonclt.com).  

All load-bearing walls in the buildings are constructed from CLT and left exposed to view on the interior.

http://makeitwood.org/documents/doc-1253-wood--housing--health--humanity-report-2015-03-00-nal.pdf
http://makeitwood.org/documents/doc-1253-wood--housing--health--humanity-report-2015-03-00-nal.pdf
http://makeitwood.org/documents/doc-1253-wood--housing--health--humanity-report-2015-03-00-nal.pdf
http://des.wa.gov/about/projects-initiatives/cross-laminated-timber-pilot-project
http://des.wa.gov/about/projects-initiatives/cross-laminated-timber-pilot-project
https://vimeo.com/209469432
https://vimeo.com/209469432
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In May, the Post-Tensioning Institute (PTI) announced its 2017 Project 
Awards during the 2017 PTI Convention Awards Dinner in Atlanta. 
PTI’s Project Awards are presented every two years and recognize 
excellence in post-tensioning applications. Structures utilizing post-
tensioning as a structural component and that were completed or reha-
bilitated in the last seven years were eligible. Entries are judged by a 
jury of industry professionals and on seven different traits: creativity, 
innovation, ingenuity, cost-effectiveness, functionality, constructabil-
ity, and aesthetics. 

For the 2017 PTI Project Awards, 39 projects were considered in six 
categories: Buildings, Bridges, Parking Structures, Slab-on-Ground, 
Industrial/Special Applications, and Repair, Rehabilitation, and 
Strengthening. Thirteen projects were presented with awards, includ-
ing the Project of the Year Award to Baldridge & Associates Structural 
Engineering (BASE) for the The Ritz-Carlton Residences Waikiki 
Beach, Phase 1, located in Honolulu. (This project will be featured in 
the August issue of Civil + Structural Engineer.)

The 38-story, 459-unit luxury tower in the center of Waikiki was en-
cumbered by height limits, numerous easements, and truck maneuver-
ing areas under the building. The only way to meet all project require-
ments was with post-tensioning.

First, most the floors were 7-inch-thick post-tensioned slabs to stay 
within height limits. Second, to meet the goal of optimizing sellable 
residential area, the podium used 17 post-tensioned transfer girders to 
transfer tower walls and columns onto a different grid of podium and 
parking-level columns and walls. Third, the ground floor truck maneu-
vering areas also had constraints that would not allow the podium’s 
vertical elements over the loading dock to extend down to the founda-
tion level. The solution to this was a two-story, post-tensioned concrete 
truss spanning 120 feet. Lastly, the penthouse levels were designed 
with some large double-story atrium spaces. The atrium openings 
were achieved by hanging partial floor post-tensioned slabs with steel 
hanger columns from the roof level. The roof slab not only had to sup-
port the loads from the hanging columns, but also the loads from heavy 
mechanical loads in the center and landscaped rooftop terrace loads on 
the perimeter. The roof level transfer slab could only be achieved using 
post-tensioning.

“The PTI 2017 Project of the Year is an excellent example of the ad-
vantages of using post-tensioning,” said David Martin, PTI president. 
“Baldridge & Associates Structural Engineering created a beautiful 

structure that is not only functional but innovative and perfectly illus-
trates the benefits of post-tensioning in tall buildings. Without it, this 
building would have needed to be much taller, much heavier, and much 
more expensive. Congratulations to BASE and all the contributors to 
this project for your outstanding efforts.”

Other contributors on this project included Guerin Glass Architecture; 
Albert C. Kobayashi, Inc.; Suncoast Post-Tension; and Associated 
Steel Workers, Ltd.

In the Buildings category, the Award of Excellence was presented to 
Thornton Tomasetti for the Kellogg School of Management, located in 
Evanston, Ill. The most prevalent use of post-tensioning in this project 
is to support 169 transfer columns that behave like foundations in the 
air and allow for long spans and cantilevers. The curving nature of 
the floor plates also called for post-tensioning to accommodate the 
geometric changes.

Other contributors to this project included KPMB, Power Construction, 
DYWIDAG Systems International, AEI Affiliated Engineers, Erikkson 
Engineering, Transsolar, Hoerr Schaudt, HJ Kessler Associates, Til-
lotson Design Associates, Construction Cost Systems, CM Architects, 
Threshold, Soberman Engineering, S20, Desman, Brian Ballantyne 
Specifications, and Cini Little.

The Award of Excellence in the Bridges category was presented to 
FIGG Bridge Engineers for its submission of Dresbach Bridge over the 

Excellence in
post-tensioning applications

PTI announces 2017 Project Award winners.

The Ritz-Carlton Residences Waikiki Beach, Phase 1 is a 38-story, 459-unit luxury 
tower in the center of Waikiki that was encumbered by height limits, numerous 

easements, and truck maneuvering areas under the building.
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Mississippi River, located in Dresbach, Minn. This post-tensioned con-
crete segmental bridge met or exceeded all project constraints, crite-
rion, and goals. The use of post-tensioned segmental concrete enabled 
the bridge to be built from above and minimized construction impacts 
to the environment and river users. Other contributors included Ames 
Construction and Schwager Davis.

In the Parking Structures Category, project submitter Timothy Haahs & 
Associates was presented with the Award of Excellence for its project, 
Miami Design District City View Garage, located in Miami. This proj-
ect achieves long-span, column-free parking modules while keeping 
the concrete slab thickness and beam depth to a serviceable minimum 
dimension. This results in a highly efficient parking layout, lighter 
structural framing, and smaller foundation members. In addition, better 
visibility and user-friendliness is achieved with slender columns and 
the absence of solid, obtrusive walls. Other contributors on this project 
included KVC Constructors and Suncoast Post-Tension.

The Award of Excellence in the Slab-on-Ground category was given to 
BBR VT International, Ltd. for submitting the project, James Pascoe 
Group Distribution Centre, which is located in Auckland, New Zealand. 
The floor was constructed as a series of large bay post-tensioned floors, 
coupled together so that there were only two opening joints located 
within the 25,000-square-meter ground floor. This solution minimized 
joints, allowed fast construction, and provided a more sustainable solu-

tion by reducing concrete volumes. This resulted in an approximate 
cost reduction of 25 percent overall.

Other contributors on this project included TSE Architects, BGT Struc-
tures, James Pascoe Group, BBR Contech, Conslab Ltd., and Concrete 
Structures.

In the Industrial/Special Applications category, Tensa America re-
ceived the Award of Excellence for its project, Manhattan West Plat-
form, located in New York City. This project is a 110,000-square-foot 
segmental post-tensioned platform made of 16 adjacent bridges with 
a record length of 240 feet. The use of post-tensioning was crucial for 
this platform to be able to be built over 15 live metro tracks with-
out needing any supports between the tracks. Post-tensioning has 
been brought to the highest achievable limit in this project to allow a 
complete covering of the railway area as required by the client. Other 
contributors included SOM, McNary Bergeron Associates, Entuitive 
Corp., and Rizzani de Eccher USA, Ltd.

Concrete Protection & Restoration, Inc. received the Award of Excel-
lence in the Repair, Rehabilitation, and Strengthening category for its 
submission of Dolphin Tower Emergency Repairs and Rehabilitation, 
located in Sarasota, Fla. In the summer of 2010, a structural engineer 
confirmed a major failure and incipient collapse of this building, and 
this 15-story condominium structure was immediately evacuated. The 

In the Buildings category, the Award of Excellence was presented to Thornton 
Tomasetti for the Kellogg School of Management, located in Evanston, Ill.



july 2017          csengineermag.com          37

design of this project evolved from removal and replacement of the 
fourth-floor slab and installation of exterior shear walls to installa-
tion of post-tensioned drop panels combined with a structural overlay 
and interior shear walls. This approach resulted in the project being 
completed on time and with a cost-savings of approximately $3 mil-
lion. Other contributors included Morabito Consultants, PTE Systems 
International LLC, Karins Engineering Group, and CEMEX.

Six Awards of Merit were also presented to outstanding projects.

In the Buildings category, this award was presented to Leslie E. 
Robertson Associates for its submission of the Roy & Diana Vagelos 
Education Center, located in New York City. Other contributors on this 
project included Diller Scofidio + Renfro, Gensler, Sciame Construc-
tion, VSL/Structural Technologies, Urban Foundations/Engineering, 
Difama Concrete, Bethlehem Precast, Jenna Concrete, Raul Herrera, 
COLE Technologies, Steve Zimmerman, Titan America, STI Con-
struction, Tilcon New York, Roanoke Sand & Gravel Corp., BASF, 
Euclid Chemicals, DOKA, EDC, CFS Steel, Weidlinger Associates, 
Cobiax USA, and United Structural Works.

Two Awards of Merit were presented in the Bridges category: the 
first to FIGG Bridge Engineers for its submission of South Norfolk 
Jordan Bridge, located in Virginia. VSL/Structural Technologies was 
the post-tensioning supplier for this project. Innova Technologies was 
the recipient of the second Award of Merit in this category for sub-
mitting Metro Line 15 (Silver) Monorail. Additional contributors on 

this project were Metrô São Paulo, Planservi, Proenge, Bombardier 
Transportation, Construtora Queiroz Galvão, OAS Engenharia, Pro-
tende Sistemas e Métodos de Construções, Planvia, Setepla, Zamarion 
e Millen Consultores, ENGETI Consultoria e Engenharia, Condutix-
Wampler, and Helser Industries.

An Award of Merit in the Slab-on-Ground category was presented 
to DSI Canada for its project, Truck Maintenance Facility, located in 
Elkford, B.C., Canada. Other contributors on this project included J.R. 
Spronken & Associates and Graham Construction.

In the Industrial/Special Applications category, Wind Tower Tech-
nologies was the recipient of the Award of Merit for its project, Adams 
Precast Segmental Tower, located in Adams County, Iowa. Additional 
contributors to this project were Siemens Wind Energy, Baker Con-
crete, Schwager Davis, EFCO Forms, Thornton Tomasetti, and Inter-
national Bridge Technologies.

Finally, the last Award of Merit was awarded to Concrete Protection 
& Restoration, Inc. in the Repair, Rehabilitation, and Strengthening 
category for its submission, GMBC Daffodil Garage Emergency Re-
pairs & Waterproofing, located in Towson, Md. Other contributors on 
this project included Morabito Consultants and DYWIDAG Systems 
International.

Information provided by the Post-Tensioning Institute                                      
(www.post-tensioning.org).  

www.uniformes.org
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While the final forensic report commissioned by the California Depart-
ment of Water Resources (DWR) has yet to be issued, the causes of the 
catastrophic spillway failure at the Oroville Dam in northern California 
are essentially known — corrosion, erosion, poor drainage, and faulty 
slabs.

The preliminary list of “candidate physical factors” tallied by the Fo-
rensic Investigation Team includes 24 potential causes affecting the 
main spillway — and another four affecting the emergency spillway 

— in mid-February when both suffered major damage under heavy 
releases (see “Candidate factors” on page 42).

DWR is expected to issue its final assessment this fall. The agency has 
secured a $500 million line of credit to repair the structure, expected 
to be complete within two years. But even when the spillway is fixed, 
there will still be important questions to ask — not just about Oroville, 
but about the nation’s dam system as a whole.

Enter Robert (Bob) Bea, Ph.D., professor of Civil and Environmental 
Engineering at the University of California, Berkeley, and the now 
legendary founder of the Center for Catastrophic Risk Management at 
UC Berkeley. Shortly after the Oroville failure, Bea traveled to the site 
and did his own assessment, and soon thereafter issued a preliminary 
report.

It didn’t make the DWR look good, either.

The omen of Oroville
What does it portend for the nation’s aging dams?

By Richard Massey

WATER + STORMWATER

An aerial view of Lake Oroville on April 21, 2017 at 83 percent of capacity or 104 percent of historical average, while the 
California Department of Water Resources releases water at 35,000 cubic feet per second from the flood control spillway. 

Photo: Kelly M. Grow/California Department of Water Resources
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“The author’s previous experiences with investigations of failures of 
public infrastructure systems leads to a conclusion that it is likely that 
the wrong standards and guidelines are being used to requalify many 
critical infrastructure systems for continued service. … The currently 
available information indicates this is one of the primary Root Causes 
of the failures of the Oroville Dam gated spillway.” 

In other words, someone, or a bunch of people, screwed up. 

But Bea said he is not surprised. Indeed, through his decades of experi-
ence investigating and studying events like the Piper Alpha disaster in 
the North Sea, the space shuttle Columbia disintegration, hurricanes 
Katrina and Rita, and the Deepwater Horizon oil rig explosion in the 
Gulf of Mexico, Bea has plenty of perspective.
 
Risk and uncertainties, according to Bea, come in two types: intrinsic, 
belonging to the essential nature; and extrinsic, the human element. At 

Oroville, he concluded, the failure was primarily due to extrinsic fac-
tors, prompting Bea to posit this question in his report: “Why did DWR 
and the responsible state and federal regulatory agencies (California 
Water Commission, Federal Energy Regulatory Commission) allow 

A hole on the spillway wall exposes rebar and aggregate in the damaged zone of the 
Lake Oroville flood control spillway in Butte County, Calif. Photo taken April 12, 2017. 
Photo: Florence Low/California Department of Water Resources
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these Root Causes to develop and persist during the almost 50-year life 
of the gated spillway?”

DWR did not respond to repeated requests for comment, specifically in 
regard to Bea’s withering criticism. 

Winter storms, particularly in January, created high levels of runoff, 
which flowed into Lake Oroville. On Feb. 7, reservoir releases were in-
creased through the spillway. That same day, water officials discovered 
damage on the bottom half of the structure. All releases were stopped 
to inspect the damage. Flows were then restarted to offset inflows into 
the lake. 

But on Feb. 11, the water elevation in Lake Oroville reached 901 feet 
above sea level, leading to water cresting over the emergency spillway. 
On Feb. 12, the right side of that system, an open hillside with a con-
crete weir, suffered near catastrophic erosion. Water officials increased 
releases over the main, damaged spillway to reduce flow over the 
hillside. The incident triggered an evacuation order for nearly 200,000 
people below the dam.

 While winter rains were heavy, giving a major nod to Mother Nature, 
Bea said the problem still rests in the hands of humans. To illustrate his 

point, during an interview with Civil +Structural Engineer, Bea looked 
to the past.

Bea started his career in the U.S. Army Corps of Engineers in Florida. 
Years after he left the agency, he ran into an old friend who was still 
with the Corps. During conversation, his friend confided that the Corps 
was contracting more of its work out to consultants, and that the Corps 
was more about project management than hardcore engineering. Look-
ing at the DWR, Bea said he sees the same thing.

“Engineering has been replaced with project management,” he said. “I 
have detected [the California Department of Water Resources] has the 
same challenge as the U.S. Army Corps of Engineers. They continue to 
suffer with the same thing, but the problem is, they really don’t know 
it.

“They don’t know they need help. That’s what I think the problem is.”

For that matter, Bea said, public agencies across the country suffer 
from the same problem that he said has infected the Corps and DWR. 
And in Bea’s mind, there’s an old saying that encapsulates the hubris 
that undermines public infrastructure agencies.

Robert Bea, Ph.D., professor of Civil and Environmental Engineering and founder of the Center for Catastrophic Risk Management 
at the University of California, Berkeley, has decades of experience investigating disasters and infrastructure failures.  
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“I’ve seen the enemy, and it’s us,” Bea said.

Though he seems unfazed, Bea said he has caught flak from 
California officials.

“Intense pushback,” he said, describing how state officials re-
acted to his report. “But that’s pretty normal and common, too.”

The Oroville spillway failure developed against the backdrop of 
a much greater issue facing the American public — the overall 
state of the nation’s infrastructure. The American Society of 
Civil Engineers issues an infrastructure report every four years. 
The most recent one, like the one before it, paints an alarming 
picture of what’s taking place with the country’s roads, rails, 
bridges, dams, and inland waterways.

Overall, the infrastructure gets a grade of D+ and needs at least 
$2 trillion in investments over the course of the next 10 years. 
Dams, one of 16 graded categories, gets a D. Bea, when asked 
if the apparent poor state of dams is predictive of what might be 
in store for other major dams in the United States, gave a dark 
laugh and said, “Absolutely yes.” 

Mark Ogden, technical specialist and program manager with the 

By late afternoon on March 27, 2017, the gates from the Lake Oroville flood 
control spillway had been closed. Some water seepage continued down the 
spillway. Photo: Dale Kolke/California Department of Water Resources

Top Five States for 
High-Hazard Dams *

North Carolina: 1,235
Texas: 1,212

Pennsylvania: 756
California: 678

Georgia: 472

 Fifty years ago, dams were built with the best engineering 
and construction standards of the time. However, as the 

scienti�c and engineering data have improved, many dams 
are not expected to safely withstand current predictions 

regarding large �oods and earthquakes. In addition, 
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Alabama is the 
only state in the US 
without a dam safety 
regulatory program.
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Association of State Dam Safety Officials, said the situation with dams 
is daunting. There are more than 90,000 dams in the United States, and 
15,498 are considered high-hazard potential, meaning a failure could 
cause loss of life. The average age of dams is 56 years. Of all the dams 
in the U.S., 65 percent are privately owned; while only 4 percent are 
owned by the federal government and 5 percent by state governments.

A patchwork, to say the least, and a patchwork with plenty of frayed 
edges.

“There are still a lot of dams in need of upgrading for a variety of 
reasons,” Ogden said of corroding and aging structures. “A lot of dams 
were built many years ago and were built to the standards of the day 
[standards that are now obsolete].”

Key upgrades include big-ticket items like larger spillways and seismic 
retrofits. Where does the money come from? A good question, Ogden 
said. 

“There are always funding issues at the local, state, and federal levels. 

There’s a lot of work to be done.”

When and if funding ever comes through remains the question. But of 
one thing Ogden is certain.

“There are certainly going to be more dam failures,” he said. 

Meanwhile, Bea, in the twilight of his career, can reflect on hard-won 
insights into human failures and how they apply to hazards and ca-
tastrophes. His assessment of dams, and of the infrastructure grid in 
general, is telling. 

“The horses are loose, they’ve been loose for a long time, and they’re 
not coming back anytime soon,” he said.

Watch a video timeline of events at Oroville Dam at https://youtu.be/
NjbbW37qzak.

RICHARD MASSEY is director of newsletters and special publications at Zweig 
Group and editor of The Zweig Letter. He can be reached at rmassey@
zwieiggroup.com.  

Candidate factors

In early May, the Oroville Dam Spillway Incident Forensic Investiga-
tion Team issued the following “candidate physical factors potentially 
contributing” to the spillway damage:
1. Thinning of the chute slab above herringbone drains; these locations 

can promote cracking.
2. Large variations in slab thickness.
3. Limited slab reinforcement consisting of one layer of light reinforcement 

in the top of the slab.
4. Lack of continuous tension reinforcement across slab joints.
5. Corrosion and failure of reinforcing bars across cracks. 
6. Slab joints with insufficient keys or lack of keys.
7. Slab placement sizes which were too large to control cracking.
8. Lack of waterstops in slab joints.
9. Hydraulic pressures and flows transmitted beneath the slab sections 

through open cracks and joints.
10. Increase in spillway discharge shortly before slab failure.
11. Plugging or collapse of drains or collector pipes, including potential 

plugging by tree roots.
12. Flow into the foundation that exceeded the capacity of the drain pipes, 

including possible flows from areas adjacent to the chute.
13. Lack of redundancy in collector drains.
14. Unfiltered drains; the gravel envelope may not serve as a filter.
15. Herringbone drains crossing joints in the slab.
16. Weathered rock and completely weathered rock that is soil-like material 

as slab foundation, without appropriate modification of the chute slab 
design, resulting in potentially erodible material beneath the slab and 
lack of foundation bond with concrete; the weathered rock and com-
pletely weathered rock appears to be associated with geologic features 
such as shear zones, and the degree of weathering changes relatively 
rapidly between some areas of the chute slab.

17. Less rigorous foundation preparation, resulting in lack of foundation 
bond with concrete.

18. Extended drought impacts on foundation materials.
19. Insufficient anchorage, due to limited anchor development in the con-

crete, short anchor length, inadequate grouting or grout strength, and/or 
installation in weak foundation material.

20. Relatively high spillway flow velocities in the lower chute for higher 
spillway discharges.

21. Lack of durability and effectiveness of slab repairs.
22. Spalling and/or delamination of concrete at slab joints.
23. Groundwater pressures; although current evidence suggests this may 

not have been a significant factor.
24. Cavitation; although preliminary analysis suggests this may not be a 

significant factor.

The following candidate physical factors potentially contributed to 
emergency spillway damage:
1. Significant depth of erodible rock and soil in orientations that allowed 

rapid headcutting toward the crest control structure; these materials 
also appear to be associated with geologic features such as shear zones.

2. Hillside topography that concentrated flows and increased erosive 
forces, facilitating headcut formation.

3. Insufficient energy dissipation at base of the spillway crest.
4. Absence of erosion protection downstream of the crest structure.

The Forensic Investigation Team concluded, “It is important to under-
stand that not all of the factors listed above may eventually be judged 
to have significantly contributed to the actual damages to the spillways, 
after all facts and as-constructed conditions are collected and fully 
evaluated. However, these factors should be considered and addressed 
in the ongoing new design and construction.”

https://youtu.be/NjbbW37qzak
https://youtu.be/NjbbW37qzak
rmassey@zweiggroup.com
rmassey@zweiggroup.com
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The Lower Neches Valley Authority (LNVA) is one of the 23 River 
Authorities created by the State of Texas to develop and manage the 
state’s waters. The LNVA is responsible for fresh water management in 
far southeastern Texas in all of Jefferson, Hardin, and Tyler Counties 
and portions of Liberty and Chambers Counties. The watersheds of 
the Neches River and its tributaries drain approximately 10,000 square 
miles. 

The area receives generous amounts of rainfall, producing stream flows 
in the Neches and its tributaries of about 4.3 million acre-feet of water 
per year at Port Arthur, Texas, where it empties into Sabine Lake and 
ultimately into the Gulf of Mexico. In 2008, the LNVA acquired a se-

ries of irrigation canals called the Devers Canal System which draws 
water from the Trinity River.  

Potential failure
Jones Crossing is the site of a potential breach in Devers Canal, ap-
proximately 21 canal miles downstream from LVNA’s first pump 
station at the Trinity River. At this particular location about 20 miles 
southwest of Beaumont, an aged drainage system was piped under the 
Devers Canal via three parallel, 48-inch-diameter reinforced concrete 
pipes. The canal, in turn, was piped directly under a farm access road, 
also via three parallel, 48-inch-diameter reinforced concrete pipes. All 
three features converged at various angles at the Jones Crossing point. 

“We were experiencing problems with the existing reinforced concrete 
pipe joints separating and allowing canal water to leak into the ditch,” 
said Ryan Ard, P.E., LNVA engineering manager. “LNVA made several 
repairs over time to patch any leaks that appeared. Over the years, 
erosion and weathering had deteriorated the original timber headwalls 

This fully automated water jet cutter not only produces perfectly cut pipes, but does 
so quickly and in a more environmentally friendly manner. Since cutting is done in a 
wet environment, no dust is generated as with past methods.

Hobas Pipe USA supplied 600 feet of 48-inch-diameter pipe to the Lower Neches 
Valley Authority. LNVA crews installed the pipe relatively easily with no previous 

experience installing this type of pipe.

Complex canal crossing
Repairs prevent drainage ditch breach of the Devers Canal.

By Liz Moucka
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in the drainage ditch. This ongoing erosion, exacerbated by the heavy 
rains in early 2015 and again in early 2016, eventually infiltrated and 
undermined the headwalls, allowing the banks of the drainage ditch 
to creep toward the canal. Had we allowed the problem to persist, the 
canal banks would have ultimately been breached by erosion, thereby 
allowing canal water to spill into the drainage ditch below.” 

As originally planned, this project was to be designed by LNVA staff 
and put out for public bid for a general contractor in mid- to late-2017. 
Given the circumstances and the need for urgency, and because LNVA’s 
canal system does not operate from Oct. 31 thru March 15 during the 
winter months due to the agricultural cycle, LNVA decided to take on 
the construction project internally.

The approach
The scope of the repair included excavating and removing the existing 
drainage ditch and canal crossings. The drainage ditch and canal both 
included three runs of 48-inch-diameter reinforced concrete pipe. The 
pipe in the ditch measured approximately 160 feet long; the pipe in the 
canal was approximately 40 feet long. The total depth of the drainage 
ditch was approximately 12 feet. 

LNVA engineers analyzed several alternative repair designs but 
ultimately decided the best option was to rebuild the crossing in its 
original configuration. The layout was somewhat complicated by the 

fact that a private road crosses both the drainage ditch and the canal at 
this location. 

Because the hydraulics of both the canal and the drainage culverts had 
been performing satisfactorily for many years, and also because of 
vertical space limitations, they decided to use the same size pipe for 
the reconstruction. The driving consideration was trying to maximize 
the depth of the canal while maintaining the existing flow line of the 
drainage ditch.

The original headwalls in the drainage ditch were constructed of verti-
cal timbers. “We wanted to go back with a hard armored headwall such 
as concrete or articulated block,” Ard said. “We determined a vertical 
headwall in the drainage ditch would be more costly to construct and 
maintain over the years compared to a sloped concrete liner. Based on 
this decision, we requested the pipe ends be mitered at a 2:1 slope from 
the factory. Once installed, the ditch slope would be graded to match 
and a concrete liner poured for erosion protection.”

LNVA considered different types of pipe material for this application. 
Although corrugated metal and concrete are the most commonly used 
materials for drainage culverts, LNVA engineers considered the life 
cycle cost benefit of fiberglass pipe. Leakage associated with corru-
gated and concrete drainage culverts are not generally of concern, but 
over time they will cause erosion and corrosion. For this particular site 

Hobas pipe was chosen due to its life cycle cost benefit. It was imperative 
that the pipe remain leak-free due to potential erosion of a sensitive area.
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where a canal, a drainage ditch, and a road all converged, the type of 
pipe material raised concern for LNVA engineers.

“At this diameter, the pricing was competitive with reinforced concrete 
pipe,” Ard said. “However, the benefits of fiberglass pipe outweighed 
that of a reinforced concrete pipe in terms of handling the material and 
placement during construction.” 

Although the amount of pipe needed — 600 linear feet of 48-inch pipe 
— cost less than the minimum required for a formal bid process, LNVA 
nonetheless publicly advertised for bids to supply fiberglass reinforced 
pipe (FRP). HOBAS Pipe USA was the low bidder.

Installation
The LNVA ultimately chose HOBAS centrifugally cast, fiberglass 
reinforced, polymer mortar (CCFRPM) pipe because, according to 
Ard, “We have a good service history with HOBAS and it is installed 
in various other locations on our system. We liked the fact that the 
joints came in 20-foot lengths and would be watertight, the pipe is 
lightweight when compared to its concrete counterparts, and HOBAS 
would factory miter the pipe ends to our specifications and install a 
headwall ring to be cast into a concrete headwall.” 

HOBAS pipe is easily customizable for specialty jobs, a task that is 
made even easier and faster thanks to a custom-built water jet cutter, 

according to Kirk Eager, southeast Texas/Louisiana sales rep, HOBAS 
Pipe USA. Drawings are created in 3D mechanical CAD software and 
transposed into the required code. The water jet machine is then run 
by a computer-controlled program that produces perfectly cut pipes, 
quickly and in a more environmentally friendly manner. 

All of these benefits facilitated the LNVA crews being able to install 
the pipe relatively easily with no previous experience installing this 
type of pipe. LNVA has several crews and operates a fleet of its own 
heavy equipment to perform day-to-day business. This allowed LNVA 
to help control costs by utilizing internal equipment and manpower to 
construct the project. 

Installation of the three, 160-foot runs in the drainage ditch took four 
days, while installation of the three, 40-foot runs in the canal under the 
roadway was completed in one day. Once the new HOBAS pipe was 
installed, LNVA crews regraded the drainage ditch slopes and recon-
structed the canal banks and rock road back to their pre-existing grades. 
Because repairs to the roadway and canal system were performed in 
the agricultural off-season, the road was closed during construction, as 
no residences or local traffic were affected.  

LIZ MOUCKA is a freelance writer. This article was provided by HOBAS Pipe USA 
(www.hobaspipe.com). 
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Geocells are a proven solution for soil stability problems in a variety of 
site construction applications. The more challenging the problem, the 
more likely geocells will be applied to keep soil confined and stable. 

Presto Geosystems invented geocells nearly 35 years ago in a collab-
orative effort with the U.S. Army Corps of Engineers and has impacted 
geocellular technology ever since with important product advance-
ments, design techniques, and construction accessories for higher 
performance and faster installation. For more than 35 years, Presto’s 
GEOWEB geocells have been made from high-quality, high-density 
polyethylene (HDPE) and have proven successful results for heavy site 
access and haul roads, channels, shorelines, retaining walls, and slopes.

Creating sustainable, vegetated slopes
The HDPE GEOWEB system has a long, proven history of stabilizing 
steep slopes prone to erosion problems where material strength and 
performance are critical. By confinement of infill, the GEOWEB sys-
tem’s cellular structure stabilizes the upper soil layer on embankments 
to resist sliding, prevent severe erosion caused by surface runoff, and 
allow steeper slopes to be built, minimizing a site’s horizontal footprint. 
The system may be designed with topsoil and vegetation, aggregate, 
or concrete infill, depending on the overall aesthetic and performance 
goals of the site.  

For steep vegetated slopes, the geocellular 3D network acts like a 
series of check dams, encapsulating the topsoil fill in each cell to mini-
mize movement. Confined infill is protected from sheet flow over the 
surface, preventing erosion. The cellular network also creates a stable 
growth environment for vegetation whereby it isolates each cell to cre-
ate an eco-zone protected from erosive forces. Cell wall perforations 

environment + Sustainability Channel Sponsor: Presto GeoSystems | www.prestogeo.com

Geocellular solutions
Soil confinement system stabilizes slopes and prevents erosion.

The GEOWEB system can be designed with topsoil and vegetation, aggregate, or concrete infill, 
depending on the overall aesthetic and performance goals of the site.  
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help to stimulate cross-root growth for a stronger, integrated slope 
cover. Slopes can be designed with special vegetation type, flowering 
plants, or even arid-resistant vegetation to meet climate conditions.  

Protecting geomembrane liners
GEOWEB slope systems can be built over impervious liners with a 
tendon and load transfer clip system for applications such as contain-
ment basins, landfill linings and covers, and dams and spillways. The 
system protects the integrity of the liner and prevents environmental 
liner damage and degradation. Geocells also offer a solution for stabi-
lizing lightweight fill on green roofs where the slope angle of the roof 
could cause fill to be unstable or slide.

Design considerations
The following criteria determine the overall GEOWEB slope design 
and should be evaluated for proper “complete solution” recommenda-
tions: 

• slope angle,
• slope length,
• slope vertical height,
• infill type and weight,
• native soil type,
• hydraulic conditions, and
• underlayment type.
 
Geocells are the industry’s most robust geosynthetic solution, offering 
diversity in solving complex, challenging problems while providing 
environmental sustainability.

Information provided by Presto Geosystems (www.prestogeo.com). 

Geocells are a proven solution for soil stability problems in a variety 
of site construction applications.
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Ebb and flow — words usually used to describe water movement — 
serve a dual purpose in describing the actions of the construction team 
for the Confluence Park Soil and Water Remediation project. Facing 
unforeseen site conditions and weather fluctuations, the team was 
forced to ebb and flow its resources and processes to bring the project 
to fruition. 

Confluence Park history
Early Colorado settlers first gathered at the confluence of Cherry Creek 
and the South Platte River searching for gold in 1868. The ensuing 
industrial boom led to factories and landfills disregarding the integrity 
of the South Platte River. Without environmental oversight, the South 
Platte remained an eyesore and afterthought for Denver until the Flood 
of 1965. 

This catastrophic event killed 21 people in June 1965, with river 
flows as great as 40,000 cubic feet per second (cfs). According to the 
Colorado Department of Natural Resources, the river’s average flow is 
about 800 cfs. The Flood of 1965 served as a turning point in the devel-
opment of the South Platte River, leading the way for construction of 
the nearby Chatfield Dam and further riverside development in Denver.  

Confluence Park was then created in 1974, after a public-private part-
nership comprised of the City and County of Denver and the Greenway 
Foundation formed to reclaim the South Platte River from a dumping 
ground to a recreational area. Since the official dedication in Septem-
ber 1975, the area has continued to grow through several additions, 
the latest of which includes the visioning of the Confluence Park 2013 

Master Plan. This multi-phased master plan, designed by Wenk Associ-
ates, includes an area known as Shoemaker Plaza, along 15th Street, 
adjacent to the REI Building in Denver.

Discovery of coal tar
Construction of the Shoemaker Plaza began in early 2015, with ECI 
Site Construction Management hired as the general contractor at a cost 
of $4.2 million. The construction team was first forced to ebb and flow 
with the project based on the discovery of coal tar in May 2015. Coal 
tar, a dark liquid formed by the distillation of coal, contains polycyclic 
aromatic hydrocarbons (PAHs). According to the Environmental Pro-
tection Agency, PAHs are known to carry human carcinogens and are 
toxic to aquatic life. 

This contamination issue shut down the project for 15 months and 
caused the project team to seek out various alternatives to keep this 
highly publicized project on course. “I was impressed with how well 
the City of Denver handled the issue. Despite this being a high-profile 
project with a set budget and timeline, Mike Bouchard (assistant di-
rector of Design and Construction at Denver Parks and Recreation) 
managed the contracting process and public interface so that the con-
struction team could weigh all the alternatives and not be forced into 
a rushed decision,” said Ian Mestdagh, senior project manager at ECI 
Site Construction Management. 

As a result, the construction team was able to offer the City and County 
of Denver several means to re-route this project by minimizing shut-
down time, securing the additional necessary resources, and expediting 
the construction process.

Dewatering and coal tar removal
A critical part of managing the ebb and flow of the Confluence Park 
project included adding Earth Services & Abatement, Inc. (ESA) to 
the construction team. ESA has a 19-year history of working with the 
City and County of Denver and is known for handling complicated 
remediation projects. ESA was hired to dewater the site and, once dry, 
remove the coal tar contamination, taking on the added risk of the en-
vironmental impacts of the project. 

“There is always a concern when dewatering a project, especially with 
high levels of contamination. We took a conservative approach at Con-
fluence Park with three water treatment trailers onsite at one point, 
running an elaborate dewatering and contamination removal system,” 
said Kory Mitchell, president of ESA. 

The approach paid off in that out of the 50 million gallons of water 
treated, none of the water samples were above the regulatory limits 
for water discharge, according to Mitchell. He explained that ESA en-
gaged in a value-engineering process with the city as well as the state 
health department to develop an agreement for discharging the water. 

“Discharging water is a sensitive issue because no one wants to take 
on the responsibility of possibly discharging contaminants back into 
the river, which is why we put together a top-notch team and worked 
closely with regulators to stay ahead of any complications,” Mitchell 
said.

Project ebbs and flows 
Construction at Denver’s Confluence Park overcomes 

coal tar contamination and high water.
By Julie Wanzer, LEED AP

Earth Services & Abatement (ESA) was hired to dewater the Confluence Park site 
and, once dry, remove the coal tar contamination, taking on the added risk of the 
environmental impacts of the project. Photo: ESA 
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Time and money saving measures
The Confluence Park project progressed with ECI and ESA working 
alongside each other, implementing several ways to help save time and 
money on the project. Metsdagh said that due to the tiny footprint of 
the project and the additional contamination issue, the team worked in 
double shifts. This 24-hour operation included moving soil at night to 
create space to work the next day, all while having excavators and the 
dewatering system running during the day to keep the project moving 
forward. 

ESA worked with ECI to keep the project site dry by pumping and 
filtering the water so that it was clean enough to discharge back into 
the river. This allowed ECI to keep working and pour concrete. The 
use of sheet walls versus concrete walls alongside the river helped 
minimize the amount of soil that needed to be moved, and thus saved 
the construction team work time and labor costs. Another time-saving 
measure included the use of precast concrete for the terracing, which 
only takes about seven days, versus the more traditional cast-in-place 
method, which would have taken 1.5 months, according to Metsdagh. 

Environmental impacts
Additional challenges that the construction team had to overcome in-
volved some extreme weather issues. With the project recommencing 
in September 2016, the team performed extensive concrete work dur-
ing the most challenging time of year in the winter. ESA took precau-
tions to heat-wrap all of the piping in the entire system to help prevent 
pipe freezes. 

In addition to outdoor temperatures, water flows also presented an 
environmental issue that impacted the Confluence Park project. Ac-
cording to Metsdagh, the South Platte River experienced some of its 
highest water flows in 2015. While the average water flow in the South 
Platte is between 500 cfs and 800 cfs, during this project water flow 
peaked at 3,500 cfs for 3.5 months and was even as great as 16,000 cfs 
during a huge thunderstorm. 

The most recent water flow challenge for the project was caused by a 
water main break in the Highlands by Denver Water that completely 
flooded the project site. This took place on Jan. 28, 2017, when a 2-foot-
diameter water main broke at West 29th Avenue and Zuni Street. ESA 
overcame this unforeseen issue by responding immediately and had the 
site cleaned out in one day, according to Mitchell. 

The Confluence Park project presented unique challenges and unfore-
seen issues that the construction team had to overcome. Moving with 
the ebb and flow of South Platte River conditions, the construction 
team devised and implemented several innovative tactics and effec-
tively used its resources to help transform the South Platte River from 
a dumping ground into a recreational area that will represent the next 
generation of Denver’s parks. ECI will continue the transformation of 
Confluence Park with estimated completion in fall 2017.

JULIE WANZER, LEED AP, is with the Construction Writers Collaborative, a division 
of Sue Rose Public Relations, LLC.
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Unused brownfield sites are often a blight on the landscape and 
contaminated plots may pose a threat to human health and safety, as 
well as the environment more generally. There are many economic, 
social, and ecological benefits to remediating brownfield sites. Once a 
site has been safely treated, there is no real limit to its use. According 
to the Environmental Protection Agency, “Sites can be used for 
housing, public works facilities, transportation, and other community 
infrastructure. Some sites can be for recreational facilities, such 
as golf courses, parks, and ball fields; or for ecological resources, 
such as wildlife preserves and wetlands.” Whatever the new use, the 
surrounding community, and often wider world, benefits. 

Alongside these improvements, remediating land removes the dangers 
to human health that contaminants present on many sites. These can 
range from minor physical symptoms to life-threatening diseases, 
and affect us either through direct contact or by ingestion through the 
food chain. There is also the risk of inhalation to consider, including 
anthrax spores, small pox, and noxious gases. 

Land may be contaminated due to spillages, mismanaged industrial 
sites, or unforeseen consequences of using materials that at the time 
were considered safe. For instance, when you consider that lead 
paint was once used on children’s toys, it’s clear we haven’t always 
understood the dangers of the materials we work with. 

Major barriers
Two common major barriers to remediating land are the presence of 
hard rock and heavy metals. Hard rock is generally difficult to process 
and tough on the machinery used to break it down. By contrast, heavy 
metals — including cadmium, lead, chromium, copper, and zinc — 
need a more scientific approach. 

The problems of hard rock and heavy metals — either on the soil or 
at elevated levels within it — are often both present in the same soil. 
Despite being common issues, there aren’t many options for dealing 
with them simultaneously. The alternative twin-track approach 
required to process them is costly, time consuming, and usually 
results in high disposal costs for the waste materials. 

Large machines such as heavy-duty excavator-mounted breakers 
or mobile crushing plants can tackle large stones, but these aren’t 
equipped to deal with the chemical side of the problem. Likewise, 
where a scientific approach resolves the heavy metals issue, these 
options are rarely robust enough to deal with larger stones. 

Combining science and engineering
By bringing science and engineering together, solutions to brownfield 
remediation that bridge the gap between the theoretical and the 
practical have been developed. For example, current processing 
solutions can remove the hard rock and produce clean aggregate to 
be reused in construction. They also bring material scrubbing and 
recovery processes into play to deal with the heavy metals. 

The most effective process also removes hydrocarbons from the 
surface of the contaminants. Once these are isolated, they can be 
removed from the washing water. Tertiary water treatment means 
water that was heavily contaminated in the recovery process can then 
be reused.

Brownfield barriers
Flexible remediation systems combine techniques 

to process hard rock and heavy metals.
By John Irwin

A series of techniques, including a two-stage density separation process, attrition, and high-pressure 
washing, deal with the hard rock and produce multiple stone and sand fractions and organics.

Environment + Sustainability
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More traditional soil remediation processes use chemicals such as 
surfactants, but the newer systems offer efficient mechanical washing 
and scrubbing processes that should eliminate the need for this. The 
result can be huge reductions in operating costs. 

Flexible approach
Different brownfield sites offer different challenges, depending on 
the contaminants present, the area of the land being remediated, and 
its previous use. Systems can be designed to be modular, portable 
systems to move from site to site; or for larger sites they can be fixed 
turnkey installations. This gives the flexibility required whatever the 
location and contaminant. 

Depending on the requirements, new systems can include dual-stage 
washing and recycling processes for any solid or liquid (or mixture 
of the two) that requires classification or dewatering, along with 
screening and scrubbing procedures to ensure effective removal of 
contaminants from material.

The systems encompass a series of techniques, including a two-stage 
density separation process, attrition, and high-pressure washing. 
This deals with the hard rock and produces as many as three stone 
fractions, one sand fraction, and organics, all of which are pollution 
free and can be reused.

The best options can combine these techniques with a water treatment 
system to ensure physical and chemical cleanliness of the processed 
material. This system does not require the addition of chemicals or 
air and uses recycled water, ensuring maximum water retention.

Key design features to look for in land remediation processing 
equipment include rubber lining, long radius bends, remote greasing, 
metals removal, easy maintenance access, and the efficient movement 

of material from one stage of processing to another — all of which 
guarantee maximum system uptime and longevity.

Tackling land in need of remediation in this way removes all the 
problem material and still reduces the volume of waste sent to 
downstream processes. It therefore significantly reduces costs and 
minimizes waste going to landfill.

Revitalizing land, health, and communities
Bringing brownfield land back into use has many benefits, including 
for the environment, people’s health, the local ecosystem, water 
quality, and property values. Without taking remediating action, 
there is a significant risk of neighborhoods falling into decline as 
they suffer from the stigma of being associated with pollution nearby, 
even if they are not directly affected.

The scale of the issue varies from site to site, with some places facing 
the challenge of recovering thousands of acres of abandoned factories 
and others taking on smaller but no less impactful challenges, for 
example in rural, former mining villages. 

However, by tackling hard rock and heavy metals problems with a 
single tailored solution, land remediation is made more effective and 
efficient. This means the previously unusable land can be back in 
operation faster and the wider community can feel the environmental 
and economic benefits sooner.

JOHN IRWIN is business development manager at environmental waste manage-
ment specialists CDEnviro (www.cdenviro.com).  
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When engineers design roads, bridges, and other types of transportation 
infrastructure, they need to account for local weather patterns. Extreme 
heat or freeze-thaw cycles can lead to ruts and cracks in roads, and 
heavy rains can overwhelm inadequate drainage systems, washing out 
bridges and flooding key transportation corridors.

But how should engineers design new transportation projects, which 
may last for a half-century, if climate change will greatly alter weath-
er patterns? The extent to which temperatures and precipitation may 
change in the future has become a major concern for the transportation 
industry.

To address this issue, climate scientists at the National Center for At-
mospheric Research (NCAR) are launching an innovative collabora-
tion with civil and environmental engineers at Carnegie Mellon Uni-
versity and the RAND Corporation. They’re using global and regional 
computer models, along with statistical techniques, to generate projec-
tions of future climate in ways that will be most helpful to infrastruc-
ture designers and planners, especially when it comes to drainage.

The three-year project, funded by the National Science Foundation, 
will focus on Pittsburgh and several other cities across the country that 
will likely be affected in different ways by future climate.

“Our overriding goal is to enable transportation agencies to maximize 
the lifetime performance of new infrastructure while minimizing the 
costs to ensure its resilience to extreme weather events,” said NCAR 
senior scientist Linda Mearns, the principal investigator on the project.

Several recent studies led by NCAR scientists have underscored the 
extent to which climate change may affect future temperature and pre-
cipitation extremes in the United States. One concluded that, if emis-
sions of greenhouse gases continue along a business-as-usual course, 
record daily high temperatures will outpace record daily lows by about 
15 to 1 later in the century. A second study, also looking at emissions 
continuing on a business-as-usual path, concluded that incidents of ex-
treme rainfall may increase by as much as five times in parts of the 
country.

More detail means more uncertainty
To conduct the new project, Mearns and her colleagues are working 
closely with local transportation officials and other stakeholders. Rath-
er than analyzing the overall ways that climate is likely to change in 
the target cities, they’re focusing on information that will be most use-
ful to the design and construction of drainage infrastructure and other 
transportation systems.

“This requires very active engagement with stakeholders,” Mearns 
said. “It’s working together to determine what they want versus what 
we can actually provide and coming up with measures of uncertainty 

Designing roads to match 
tomorrow’s weather

Climate scientists and engineers team up on drainage systems 
for transportation infrastructure.

By David Hosansky

A girl looks at a washed-out road in Louisville, Colo., after damaging floods in 2013. Engineers are teaming up with climate 
scientists to design transportation infrastructure that can withstand shifting weather patterns. Photo: David Hosansky

transportation
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When you suffer a fall, an on-the-field collision, or some other traumatic 
blow, the first thing the doctor will do is take an X-ray, CT scan, or MRI 
to determine if anything has been damaged internally. Researchers at 
the National Institute of Standards and Technology (NIST) are using the 
same principle, but in a more powerful form, to detect corrosion, the 
primary threat to the health of the steel framework within the nation’s 
bridges, roads, and other aging infrastructure.

Researchers have developed a noninvasive “spectral fingerprint” 
technique that reveals the corrosion of concrete-encased steel before it 
can cause any significant degradation of the structure it supports. The 

Seeing through 

concrete

that are meaningful for them. This is in the realm of true coproduction 
of knowledge.”

For example, an engineer designing a drainage system along a highway 
might want an estimate of how much precipitation will fall in 15-min-
ute increments. Although climate models do not provide such detailed 
information, Mearns and her colleagues can provide a partial answer 
by using a combination of techniques to produce projections of future 
precipitation every hour to several hours, as well as characterizing the 
uncertainty around those projections.

A major challenge is that more detailed projections have greater un-
certainty. While climate models consistently show that emissions of 
greenhouse gases lead to higher average global temperatures, the out-
look is less clear for temperature and precipitation patterns by region. 
The type of information most needed by infrastructure planners and 
designers — projections of extreme temperatures and precipitation for 
specific locations and time periods — is even more uncertain. As a re-
sult, the study team will have to make compromises between the need 
for high-resolution data and the need for reliable data.

Mearns said it’s critical to give engineers a clear understanding of the 
uncertainty of a particular projection in order to prevent transportation 
projects from being based on a false sense of precision in climate pro-
jections. “The challenge,” she said, “is developing sound engineering 
strategies for extremes under uncertainty.”

In addition to Mearns, the NCAR scientists working on the project in-
clude Seth McGinnis, Melissa Bukovsky, Rachel McCrary, and Doug 
Nychka. The Carnegie Mellon team is being led by Costa Samaras, 
who directs the school’s Center for Engineering and Resilience for Cli-
mate Adaptation.

“This project is a unique interdisciplinary collaboration that will ad-
vance the ways engineers and climate scientists will work together in 
the future,” said Samaras. “Infrastructure can last for many decades, 
and engineers need to design infrastructure to be resilient at the end of 
the infrastructure life span as well as in the beginning. Working with 
NCAR is critical to advancing the research needed to transform the 
way we design infrastructure in the United States.”

Benefit of different techniques
To generate climate projections, Mearns and her colleagues will use 
two types of techniques to translate the coarse resolution of a global 
computer model, which typically simulates climate processes that are 
larger than about 100 miles, into the localized weather events that are 
of interest to transportation experts.

One of these techniques, known as dynamical downscaling, will use a 
combination of three coarser-resolution global climate models and two 
higher-resolution regional models (including the NCAR-based Weath-
er Research and Forecasting model, or WRF). This will enable the re-
searchers to simulate the entire globe in coarse resolution while zoom-
ing in on selected regions with much higher resolution. This approach 
doesn’t need as much supercomputing power as trying to simulate the 
entire globe in high resolution, although it still can be computationally 
intensive.

The other technique, known as statistical downscaling, involves de-
veloping statistical relationships between large-scale atmospheric pat-
terns and local temperatures and precipitation. This technique, which 
requires even less computing, can help scientists link conditions in 
a global model (such as a large area of low pressure) to a localized 
weather event (such as intermittent downpours).

The combined approaches will enable the scientists to generate projec-
tions for at least every six hours, and possibly — with the use of ad-
ditional specialized techniques — as frequently as every hour. Using 
both the dynamical and statistical approaches also will enable the team 
to better understand the uncertainties around future climate as well as 
evaluate the relative strengths of the techniques.

“Transportation systems are critical to the U.S. economy, and they rep-
resent some of the largest investments of our tax dollars,” Mearns said. 
“We want to make sure that they’ll hold up to a future climate.”

DAVID HOSANSKY is manager of media relations, National Center for Atmospheric 
Research | University Corporation for Atmospheric Research (NCAR|UCAR). 
This article is reprinted with permission from NCAR|UCAR AtmosNews    
(https://www2.ucar.edu/atmosnews). 

NIST ‘spectral fingerprinting’ 
detects early corrosion 
in aging infrastructure.

By Michael E. Newman
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detection method is described in a new paper in the journal Applied 
Magnetic Resonance (Chou, et al., 2017).

When water and oxygen corrode iron, different iron oxide products 
are produced, with the two most common being goethite and hematite. 
“The brown rust that forms when you leave a hammer out in the rain is 
mostly goethite, and when a steel reinforcing bar [rebar] corrodes inside 
a concrete bridge deck, that is mostly hematite,” said NIST physical 
chemist Dave Plusquellic. “We have shown in our new study with 
goethite, and our previous work with hematite, that terahertz radiation 
— electromagnetic waves with frequencies 10 to 100 times higher than 
the microwaves used to cook food — can detect both corrosion products 
in the early stages of formation.”

Current imaging methods for uncovering corrosion use microwaves to 
record changes in the physical state of the affected steel, such as changes 
in the thickness of a rebar within the concrete of a bridge or other 
structure. “Unfortunately, by the time such changes are detectable, the 
corrosive process is already well on its way toward causing cracks in the 
concrete,” said physicist and NIST Fellow Ed Garboczi. 

Additionally, Garboczi said most of the microwave imaging methods 
rely on comparisons with baseline measurements of the steel taken at 
the time of construction, a practice that only goes back about 25 years. 
“That’s a real problem since the average age of the 400,000 steel-
reinforced concrete bridges in the United States is 50 years and there is 
no baseline data available for many of them,” he said.

The NIST terahertz wave detection method works because goethite 
and hematite are antiferromagnetic. The pairs of electrons sitting 
side-by-side within the iron atoms in these materials spin in opposite 
directions, leaving them unaffected by external magnetic fields. In 
contrast, the electrons in the iron atoms of a household magnet, which 
is ferromagnetic, spin in the same direction and are either attracted or 
repelled by external magnetic fields.

“Terahertz waves will flip the spin alignment of one of the electrons in a 
pair and get absorbed by hematite or goethite,” Plusquellic said. “Using 
a millimeter wave detector, we discovered that this antiferromagnetic 
absorption only occurs within narrow frequency ranges in the terahertz 
region of the electromagnetic spectrum — yielding spectral fingerprints 
unique to goethite and hematite, and in turn, iron corrosion.”

With current advances in terahertz sources and detectors, the new NIST 
nondestructive evaluation technique has the potential to rapidly detect 
tiny amounts of iron-bearing oxides from early-stage corrosion of steel 
surrounded by concrete, polymer composites (such as pipe insulation in 
a factory), paints, and other protective materials.

“In the laboratory, we have demonstrated that a 2-milliwatt terahertz 
source can produce waves that detect hematite through 25 millimeters of 
concrete,” Plusquellic said. “Using terahertz sources with powers in the 
hundreds of milliwatts and state-of-the-art receivers with unprecedented 
signal-to-noise ratios, we should be able to penetrate 50 millimeters, the 
thickness of the concrete covering the first layer of rebar used in most 
steel-reinforced concrete structures.”

Next up for the NIST team will be an attempt to find a spectral fingerprint 
for akageneite, an iron corrosion product formed in the presence of 
chloride ions, which come from sources such as seawater and road 
deicing salt. “Akageneite can cause problems in steel-reinforced concrete 
similar to those seen with goethite and hematite,” Garboczi said.

The antiferromagnetic corrosion detection method was first conceived in 
2009 by the late William Egelhoff, a NIST fellow and pioneer in the field 
of magnetic materials.

MICHAEL E. NEWMAN is senior communications officer, Public Affairs Office, 
National Institute of Standards and Technology (www.nist.gov). 

An abandoned building on Northern California’s McAbee Beach shows the destructive 
power of corrosion on a steel-reinforced concrete structure. A new NIST evaluation 

method using terahertz waves can detect the early stages of corrosion on steel rebars 
directly through their concrete covering. Photo: with permission, by Per Loll, Denmark

Reference
S.G. Chou, P.E. Stutzman, V. Provenzano, R.D. McMichael, J. Surek, 
S. Wang, D.F. Plusquellic, and E.J. Garboczi, 2017, Using Terahertz 
Waves to Identify the Presence of Goethite via Antiferromagnetic 
Resonance, Applied Magnetic Resonance (April), DOI: 10.1007/
s00723-017-0884-y, https://dx.doi.org/10.1007/s00723-017-0884-y. 
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As part of the Lincoln County Bridge Replacement Program, Oldcastle 
Precast of Spokane, Wash., fabricated 136.8-foot-long prestressed 
concrete “super-girders” for the new Miles Creston Bridge in Lincoln 
County, Wash. The efficient shape of this new bridge girder family 
uses high-strength concrete and 0.6-inch-diameter prestress strand to 
maximize span length and minimize the number of girders.

Precast, prestressed concrete girders have been used in bridge construction 
for more than 65 years and have proved to be economical and durable 
across the U.S. In many states, especially Washington, prestressed 
girders, combined with a cast-in-place deck, or an all prestressed girder 
including precast deck, constitute the superstructure system of choice for 
bridges that span to longer than 200 feet.

As has become customary, Lincoln County Public Works Department, 
working with its consultant Nicholls/Kovich Engineers of Spokane, 
specified WSDOT WF 58 optimized girders — super-girders — for 

replacement of the existing Miles Creston Road Bridge over Hawk 
Creek in Lincoln County, due to its substandard load-carrying capacity, 
thus requiring a high-priority replacement bridge.

General contractor Wesslen Construction of Spokane, the low bidder 
on the project, awarded Oldcastle Precast-Spokane the contract to 
manufacture and haul the wide-flange super-girders for the new Miles 
Creston Bridge.

At 125,438 pounds each, Oldcastle Precast manufactured five, wide-
flange super-girder bridge beams, measuring 58 inches tall by 136.8 feet 
long. The bridge girders were used to build the bridge superstructure, 
with a conventional cast-in-place concrete deck.

Accordingly, the optimized girders were designed with a 49-inch-wide 
top flange and a 38-inch-wide bottom bulb. These wider flanges give 
much more lateral stability during transport than the shapes they replaced, 
and utilize a much larger prestress force to increase spans and minimize 
the quantity of girders. In this case, spanning 136.8 feet with only a 58-
inch depth of girder provides an aesthetically pleasing profile as well as 
providing adequate clearance above the river for 100-year flood passage.  

Each super-girder is custom manufactured in Spokane and transported 
on trucks specially designed to hold the weight. Due to their size, the 

‘Super-girders’ to the rescue
136.8-foot-long precast, prestressed concrete girders used to 

replace Washington’s Miles Creston Bridge.

For the Miles Creston Road Bridge Replacement, Oldcastle Precast manufactured five, 
wide-flange super-girder bridge beams, measuring 58 inches tall by 136.8 feet long.

Transportation
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girders must be transported to the construction site on steerable rear 
supports. Once the girders arrived onsite, crews used two cranes to set 
them on top of the new bridge abutments. 

“Long-span precast, prestressed concrete girder standards have allowed 
WSDOT and other bridge owners to extend the span capability of 
the construction material they prefer to use,” said Chuck Prussack, 
Oldcastle Precast sales manager. “Using long-span precast, prestressed 
concrete girders can eliminate the need for falsework, reduce onsite 
construction activities and schedules, reduce environmental impacts at 
water crossings, and minimize hazards, delays, and inconvenience to the 
traveling public.”

The Miles Creston Road Bridge Replacement project consisted of the 
following steps: 
• install a temporary detour; 
• remove the existing bridge, abutment walls, and footings; 
• install piling and pile cap abutments; 

• install precast superstructure with cast-in-place deck and bridge rail; and 
• install bridge approaches with approach steel rail to match up to the 

existing roadway width.

Several years ago, the super-girder family of girders originated when 
WSDOT worked with the industry to create an optimized family of 
girder shapes that would be capable of longer spans, have more stability 
during shipping, present a shallow profile for stream clearance and 
aesthetics, and fully utilize High-Performance Concrete (HPC) with its 
higher strengths by using 0.6-inch-diameter prestressing strands.

As one of the leaders in the use of the new optimized girder shapes, the 
Northwest has been using the super-girder shape at a 100-inch depth on 
spans longer than 200 feet for many projects, with many more structures 
in this span range being designed.

Information provided by Oldcastle Precast (www.oldcastleprecast.com).  

The super-girders were designed with a 49-inch-wide top flange and a 38-inch-wide 
bottom bulb. The wider flanges provide more lateral stability during transport.
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Transportation

Freight railroads have played a crucial role in America’s development, 
particularly in the state of New Jersey. Its proximity to major ports in 
Philadelphia and New York, and abundant natural resources, have 
historically made the state an ideal location for railroad development. 

The industrial town of Paulsboro, situated along the banks of the 
Delaware River, remains a key link in Conrail’s busy Penns Grove 

Secondary line, which serves southern New Jersey. A former structure 
that carried the line over Mantua Creek was a historically significant, 
A-frame swing bridge — a structure that was once common among 
other rail lines in the region.
 
After years of heavy use, movable operations ceased at the bridge due to 
an incident on the morning of Nov. 30, 2012. As a result of a derailment 
that day, the communities and refineries south of the bridge were cut off 
from train traffic. 

Subsequent to implementing a temporary solution to maintain train 
traffic, Conrail needed a more permanent, reliable, and durable movable 
structure to meet the needs of their customers and the community. This 
new structure would need to be constructed on the same alignment and 
with as little interruption to rail traffic as possible. This is one of the 
challenges with which Modjeski and Masters was tasked. 

To restore rail traffic as quickly as possible, a modified design-bid-build 
delivery model was employed. An accelerated design process was used, 
providing a very aggressive schedule in which both the original and final 
design were completed within six months. 

To minimize efforts during the shop drawing development and review 
stage, a bridge information model (BrIM) was included with the bid 
package. The BrIM is a 3D model of the bridge that includes every detail 
on the actual bridge, down to the final bolt. While these are typically 
used for roads and bridge construction, this process has not been used 
much in the moveable bridge industry. Shop drawings could then be 
directly developed from the BrIM, which helped to expedite the process.

Typically, the process starts by designing the superstructure, and, once 
approved, engineers then move onto the substructure design. However, 
for this project, in order to use the same alignment, the substructure had 
to be designed before beginning superstructure design. 

Due to the substructure being in the river, and working to meet the goal 
of using the original track work where applicable, it was crucial to design 
and begin working on the substructure prior to starting the superstructure 
design. This meant that construction on the new bridge began before the 
entire bridge design was completed. 

For work to begin, subconsultants were needed to assess the potential 
environmental impact of the project as well as the historical significance 
of the rail line. For these tasks, Modjeski and Masters worked with 
Malick & Scherer, which provided the environmental impact study, and 
Richard Grubb and Associates, which assessed the historical nature of 
the grounds where the structure is located and the significance of the 
bridge and rail line. 

Following the environmental impact study, and working with the U.S. 
Coast Guard, it was determined that there were regulatory mandates 
for restoration of river navigation as well as in-water work restrictions, 
which directly impacted project timing. 

Because of the in-water work restrictions, which prohibited work 

Rail restoration 
following disaster
Modjeski and Masters uses a bridge information model to design a 
tower span vertical lift bridge, accelerating construction.
By Rick Martino, P.E., and Rich Jackson, P.E.

A vertical lift bridge is normally not used for a relatively short span, but a single-track 
tower span vertical lift was chosen due to the structure and community benefits the 
design offered. Photo: courtesy of Modjeski and Masters
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during times of migratory fish in the river from March to early June and 
September through November, special planning was necessary for the 
foundation and track work of the new bridge to take place during specific 
time windows. 

Another challenge faced during the project was making sure there would 
be continuous railroad activity throughout the duration of the work. Even 
though a new bridge was in the process of being built, it was crucial for 
the local communities to continue rail traffic. 

To overcome this, a temporary structure was necessary. Within two 
weeks of the original structure collapse, a temporary structure was in 
place, allowing rail traffic and river navigation to continue without 
interfering with the construction process of the new bridge.

While the foundations were constructed, the fabrication process 
commenced. Early in the project design process, in collaboration with 
Conrail, it was decided that the best solution to deploy would be a 
vertical lift bridge. 

Normally, a vertical lift bridge is not used for a relatively short span, 
as this project required, but a single-track tower span vertical lift was 
chosen due to the structure and community benefits the design offered. 
With the tower span, machinery is fixed on the span, allowing the bridge 
to be lifted and operated from it.

This unique design provided accelerated bridge constructability, 
enhanced bridge accessibility, an extended bridge life, and reduced 
necessary bridge maintenance for Conrail as well as enhancing safety at 
the bridge crossing for the public.  

MC Iron Works, Inc. supplied the painted high-performance steel for 
the structure. For vertical movement of the bridge, the structural steel 
weights used for the lift span, pier cap system, tower system, and 
counterweight system were 175,000 pounds, 94,000 pounds, 274,000 
pounds, and 68,000 pounds, respectively. 

Following erection and testing, the lift span finished at 67 feet long 
weighing 214,000 pounds. The vertical lift height topped out at 23 feet, 
10 inches, with a lift time of 1.9 minutes, operated by dual 10-hp motors. 
When opened, the bridge provides a vertical navigational clearance of 25 
feet and while closed a clearance of 1 foot, 5 inches.

By working closely with key partners, including Conrail, the prime 
construction contractor Cornell & Company, the U.S. Coast Guard, 
and the Borough of Paulsboro, we were able to successfully replace 
the original A-frame swing bridge with a new vertical-lift bridge over 
Mantua Creek. 

The replacement bridge was designed and constructed with innovative 
techniques and a unique design, while minimally impacting the local 
environment and rail traffic, in a time of necessity for the communities 
the rail line serves.

Watch a video about the Paulsboro Railroad Bridge Replacement project 
at https://youtu.be/DsycbgUZm5o. 

RICK MARTINO, P.E., is project manager and RICHARD JACKSON, P.E., is deputy 
project manager with Modjeski and Masters (www.modjeski.com).  

Because of in-water work restrictions that prohibited work during times of migratory 
fish in the river, special planning was necessary for the foundation and track work of 
the new bridge to take place during specific time windows. Photo: courtesy of Modjeski 
and Masters

This unique design provided accelerated bridge constructability, enhanced bridge 
accessibility, an extended bridge life, and reduced necessary bridge maintenance as 

well as enhancing safety at the bridge crossing for the public. 
Photo: courtesy of Modjeski and Masters
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PPI’s Civil PE Breadth + Depth Prep Courses provide the 
quality curriculum, specialized instruction, and #1 selling 
review materials you need to pass the NCEES Civil PE exam. 
The courses (Breadth + Construction, Breadth + Geotechnical, 
Breadth + Structural, Breadth + Transportation and Breadth + 
Water Resources & Environmental) offer complete coverage 
of both the Morning Breadth and Afternoon Depth exams and 
are up to date with current NCEES exam specs. With guided 
structure to focus your studies, PPI is your complete exam prep 
resource through exam day.

The Civil PE Breadth + Depth Prep Courses Include:
• 48 hours of instruction from Civil PE exam subject matter 

experts
• 14 hours of Office Hours to ask questions and review extra 

problems in a live setting
• FREE OnDemand lectures of the Breadth course so you can 

start studying right away
• FREE calculator lessons for the Casio FX-115 ES Plus 

Advanced Calculator
• Brand new, exam-like problems you can't find anywhere 

else
• Focused homework assignments from a structured course 

syllabus

• PPI’s #1 Civil PE books and study tools, by Michael R. 
Lindeburg, PE

• An online discussion forum to post questions and 
communicate with the class

• PDF downloads of the presentation materials for convenient 
note taking

• Test-taking strategies and time management tips
• A guarantee you’ll pass or you can repeat the OnDemand 

course for free

With this Live Online course, PPI includes OnDemand lectures 
of the Breadth portion of the course for free so you can start 
studying right away. Once your live course starts, you’ll attend 
lectures in an online classroom and ask questions as your 
instructor presents the material. Outside of the live lectures, you 
can communicate with your instructor and other classmates in 
a course discussion forum or via email. Your instructor is your 
resource through exam day!

See more at: https://ppi2pass.com/pe-exam/prep-course/civil-
pe?utm_source=csengineer&utm_medium=680x250&utm_
campaign=PPI-prepcourses-CERC&utm_term=PPI-csengineer.

CONTINUING EDUCATIONChannel Sponsor: PPI | www.ppi2pass.com

ADVERTORIAL

Courses From The Developer of The #1 Engineering Books
Civil PE Complete Breadth + Depth Coverage

https://ppi2pass.com/pe-exam/prep-course/civil-pe?utm_source=csengineer&utm_medium=680x250&utm_campaign=PPI-prepcourses-CERC&utm_term=PPI-csengineer
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3DR’s Site Scan drone-to-data platform captured the large, steep ravine and 
existing bridge in a single, 30-minute flight, collecting 358 high-resolution photos 
that provided a detailed point cloud. 

It’s increasingly common to hear the steady hum of a drone flying on 
a construction site. They’re being used to share progress updates from 
the sky, manage earthworks, perform cut-and-fills, and much more. 
But, there’s also an emerging use case for drones within the civil 
engineering space: As designers move from 2D toward 3D design and 
BIM workflows, the reality capture data that drones provide is making 
a huge impact on their projects. In short, drones are the latest tool in 
the civil engineer’s workflow, and they’re changing the way the world 
gets built.

To show how, 3D Robotics (3DR) recently embarked on a project 
with Autodesk — working with their team of bridge design and reality 
capture specialists — to explore the impact that drones are having on 
infrastructure projects.

We set out to show the complete drone-to-design workflow on a real-
life project and quickly identified a great example — the Pinto Creek 
Bridge, an aging structure east of Phoenix that the Arizona Department of 
Transportation is demolishing and replacing. Drone data is particularly 

useful for a site such as Pinto Creek because it’s a large, steep ravine 
that a drone can quickly survey. Going out in the field to collect this 
data would be time consuming and, at times, unsafe. Also, flying a 
drone doesn’t require closing the road for manual inspection, which is 
particularly useful because there are no easy detours around the bridge.

3DR’s Site Scan drone-to-data platform captured the entire area in a 
single flight. The flight took 30 minutes, collecting 358 high-resolution 
photos. Then, after processing the images into a number of different 
data products, we delivered a detailed point cloud to the Autodesk team 
for processing.

Ramesh Sridharan, product manager at Autodesk, imported the raw 
point cloud data into InfraWorks and processed it to extract and classify 
the features of the terrain. As the only structure in the area, it was easy 

BridGe replacement project explores the 
impact of drone-to-design workflow.

By Hugh McFall

DRONES ARE REDEFINING 

INFRASTRUCTURE 
DESIGN

Figure 1: Raw point cloud data was imported into Autodesk InfraWorks and 
processed to extract and classify terrain features.

UAV + SURVEYING
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Geophysical Survey Systems, Inc. (GSSI) announced an updated version 
of its BridgeScan, a ground penetrating radar (GPR) system for assessing 
concrete condition on bridge decks, parking structures, and balconies. 
Accurately determining concrete condition improves repair cost estimation, 
saving time and money. 

BridgeScan can identify rebar location and depth for bridge deck condition 
assessments, determining concrete cover depth on new structures, and 

to classify the bridge (shown in purple in Figure 1), and remove it. In 
a matter of hours, the point cloud was filtered and a complete model 
was set up — aggregating point clouds, elevation data, and existing 
infrastructure — that provided a rich context in which to design the 
bridge.

According to Sridharan, using a point cloud provided by drone data 
“improves the speed, efficiency, and convenience of designing and 
modeling existing conditions. Fine details help designers identify 
existing problems, and then they can propose sound solutions for 
infrastructure challenges.”

Designing the new bridge
Once the point cloud was prepared for design, Ara Ashikian, senior 
product line manager at Autodesk, created a number of bridge models 
with InfraWorks in a matter of hours. He customized road alignments 
and grading, and could easily modify the parameters of each 
component that made up the bridge. The magic is behind the scenes: 
Each component is fully parametric and dynamic, so designers can 
make changes while maintaining engineering principles.

“Drone data can create rich point clouds, which are incredibly useful 
to guide parametric bridge modelling,” Ashikian said. “With the Pinto 
Creek point cloud, I designed a bridge within the real-world context of 
the surrounding ravine and its features.”

In just two clicks, Ashikian sent the final bridge into Autodesk Revit 
to perform more detailed design. Because all of the underlying 
components of the structure were based on parametric geometry, they 
could easily be exported into Revit and other tools without needing to 
recreate them or perform any re-work.

Too often, civil engineers work with outdated surfaces when starting 
the design process. It can be difficult to access a reliable point cloud, 
so they fall back on old survey data, satellite images, or blueprints as 
a replacement. Drones are fixing that. Now, designers can quickly and 
easily collect up-to-date data on existing site conditions and design 
with confidence.

By putting drone data into tools such as InfraWorks, civil engineers are 
able to rapidly design in 3D, then share models with clients and other 
stakeholders far earlier in the project. This makes it easier to modify 
and iterate on the design before committing to a single one.

Our customers across the country — for example, Atkins, a 
multinational engineering and design firm — are integrating drone data 
into their preliminary design workflow. According to Chris Harman, 
civil engineer at Atkins, “If you can quickly and easily get a 3D version 
in front of a client, it avoids a lot of changes later on.”

Drones provide value long after the initial design phases, too. They 
enable constructors to digitize their jobsite as it evolves and compare 
as-builts to the original BIM or CAD models. This makes it easy to 
identify any issues before the fix becomes costly or time consuming.

Whether they’re looking to get feedback earlier in the infrastructure 
design process, create more accurate 3D concepts, or re-digitize 
the jobsite during the construction phases, drones and tools such as 
InfraWorks are proving to be crucial for engineering firms across the 
country.

HUGH MCFALL is a marketing specialist with 3D Robotics (www.3dr.com). 

survey of 
concrete condition 

Ground penetrating radar system provides concrete 
inspection and utility mapping.
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concrete inspection, as well as for measuring slab thickness and void 
detection and location, GSSI said. Construction professionals, utility 
locators, and engineers can also use the unit as a basis for a utility locating 
GPR system to map and locate underground infrastructure — pinpointing 
the depth and position of metallic and non-metallic pipes in real time.

BridgeScan is tailored for bridge condition assessment, accurately 
representing bridge data by automatically accommodating for bridge skew 
angle. Using a non-destructive method of evaluating bridge deck thickness, 
the BridgeScan system can obtain reliable thickness measurements in 
minutes, eliminating the need to core, the company said.

Updates to the BridgeScan system include the SIR 4000 data acquisition 
system, designed for single-user operation, which incorporates advanced 
signal processing and display capability for in-the-field 3D imaging. The 
unit features an enhanced 10.4-inch LED display and on-screen post-
processing. The SIR 4000 control unit can be used for multiple applications. 

The new BridgeScan features a self-contained cart-based design and also 
includes a 1,600-MHz antenna, a survey cart with encoder wheel, 2-meter 
control cable, and two batteries with battery charger, as well as a custom 
transit case for the control unit, AC adapter, and a sunshade. 

The Association for Unmanned Vehicle Systems International (AUVSI) 
released a report that finds 52 percent of the waivers granted by the 
Federal Aviation Administration (FAA) under Part 107 went to businesses 
using drones for construction or infrastructure operations. According to 
the report, the majority of all granted waivers allow businesses to operate 
unmanned aircraft systems (UAS) at night, which is not permitted under 
the current rule. The report also finds that businesses in 44 states received 
waivers in the first six months since the rule took effect.
 

Part 107, also known as the small UAS rule, went into effect on Aug. 29, 
2016, creating a uniform regulatory framework for civil and commercial 
UAS operations. Among the rule’s requirements, operators must fly below 
400 feet, within visual line of sight, and during daylight hours. Additionally, 
Part 107 established a waiver process to allow businesses to request the 
FAA to allow them to fly outside the permitted operating standards, if they 
demonstrate it can be done safely. 
 
The report offers interactive graphs that enable readers to isolate data by 
state and industry and gain a fuller picture of the UAS landscape in the 
U.S. and where the industry may be headed in the future. 
 
Specifically, the report finds:
 
• The FAA granted 141 waivers for use by construction or infrastructure 

businesses to use UAS for expanded operations.
• California businesses using UAS for construction or infrastructure operations 

have received the most waivers for expanded uses with a total of 26 (12 
for construction, 14 for infrastructure). Florida (10 for construction, 10 for 
infrastructure, 23 total) and Texas (9 for construction, 10 for infrastructure, 
21 total) are ranked second and third, respectively.

• Many of the 141 companies using UAS for expanded uses in construction 
or infrastructure purposes are small businesses, with 90 percent of them 
making less than $1 million in annual revenue and 87 percent having fewer 
than 10 employees.

 
The complete report is available at www.auvsi.org/advocacy/part107.    

Information provided by Geophysical Survey Systems, Inc.                           
(www.geophysical.com).  

drone waivers 
New AUVSI report shows expanded UAS operations in 

construction and infrastructure applications.

Information provided by Unmanned Vehicle Systems International                          
(www.auvsi.org).  
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04. Permeable 
gravel paver 
system

03. smart parking system

A major theme park in Orlando, Fla., recently installed NDS, Inc.’s new Tufftrack 
permeable gravel paver system as the surface for a large access road to its solar 
energy facility. The project covers 42,000 square feet and total installation time was 
approximately 18 hours. Tufftrack is manufactured in rigid, 24-inch square panels 
with tongue-and-groove clips, is made of 100 percent recycled and recyclable 
plastic, manufactured in the U.S., and aligns with low-impact development policies 
to manage stormwater as close to its source as possible. The Tufftrack system also 
qualifies in a number of categories that contribute points to LEED certification.

PNI Sensor Corporation and Senet, a provider of 
public, low-power, wide-area networks (LPWANs) 
for long-range Internet of Things (IoT) applications, 
announced integration between PNI’s PlacePod 
smart parking solution and the Senet LPWAN. PNI’s 
PlacePod is an IoT-enabled, high-accuracy smart 
parking sensor that provides vehicle detection in 
parking spaces, up to 10 years of battery life, and is 
stable over temperature fluctuations, even in harsh 
environments. PlacePod provides real-time vehicle 
detection and location of available parking spaces. 
Integration of PlacePod and the Senet LPWAN enables 
smart parking solutions and dynamic pricing models 
to increase parking revenues, efficiently manages 
parking enforcement, and reduces traffic congestion 
by guiding drivers to available parking spaces.

NDS, Inc.
www.ndspro.com/tufftrack 

pni sensor corporation
www.pnicorp.com   

senet, inc.
www.senetco.com   

01. concrete testing video

ELE International published a video explaining 
how the latest technology in compression machines 
lowers costs and improves the quality and traceability 
of concrete testing. ELE Senior Service Engineer 
Mark Bolton demonstrates the new touch-screen 
controls, how to ensure compliance with standards 
with a manual compression machine, and how users 
of automatic machines can do so while ensuring 
consistency and saving costs by freeing staff for other 
duties. The video describes how ELE’s latest machines 
are better by design, featuring a touch-screen interface 
and intuitive menu-driven operation with the ability to 
store as many as 500 fully traceable test results. Watch 
the video at www.ele.com/category/compression-
machines or on ELE’s YouTube channel.

ele international
www.ele.com

02. structural thermal breaks

Schöck North America’s Isokorb structural thermal 
break products for concrete and steel construction 
prevent thermal bridging by providing both 
insulation and structural support at building envelope 
penetrations. According to Adam Kimble, CEO of 
Schöck USA Inc. and president of Schoeck Canada, 
Inc., “Future energy efficiency regulations will 
specify increasingly higher insulation requirements 
throughout the building envelope, especially at 
balconies, parapets, canopies, and other structural 
penetrations responsible for significant heat loss 
when not insulated. I fully expect ASHRAE, the 
International Code Council, the U.S. Department 
of Energy, and other regulatory agencies to specify 
that building envelopes be insulated at balconies 
and other structural penetrations as an explicit code 
requirement.”

schÖck north america
www.schoek.com    

05. foundation 
plates

Simpson Strong-Tie’s URFP and FRFP foundation plates are designed for 
locations with limited vertical clearance, in basement areas or crawl spaces, where 
floors are supported directly on the mudsill or a short cripple wall. The URFP, a 
new and improved version of the UFP plate, now offers higher strength, serving 
as a one-for-one replacement for 1/2-inch- or 5/8-inch-diameter mudsill anchor 
bolts. The URFP fits a variety of foundation types and mudsill offsets and insets. 
The FRFP is the improved replacement for the FAP. The new design offers higher 
loads and is ideal where the mudsill is flush to the inside of the foundation or up 
to 1-1/2 inches set back.
simpson strong-tie
www.strongtie.com/urfp   

specify
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Professional Liability
is essential.

Overpaying is not.

It pays to have the right profes-
sional liability coverage. But you
shouldn’t overpay.
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HydroCAD Software Solutions LLC, Box 477, Chocorua, NH 03817 1-800-927-7246

Complete NRCS TR-20, TR-55, SBUH, & Rational hydrology,
plus hydraulics, pond design, chamber layout & much more!

ydroCADH
®

Stormwater Modeling

Try our Free HydroCAD Sampler at www.hydrocad.net

Preferred by the majority of
the top civil engineering firms
for its broad technical
capabilities and ease-of-use,
HydroCAD takes the TR-20
and TR-55 methodology to
the next level, with powerful
options for outlet devices,
pond storage , ra in fa l l
libraries, pumps, vortex
v a l v e s , u n d e r g r o u n d
chambers, CAD import, and
much, much, more.

HydroCAD is surprisingly affordable, with a unique pricing
structure that lets you expand your node capacity and user-
count as your needs grow. With the extensive Help system,
tutorials, web articles, self-study program, webinars, and
free email support you’ve got all the resources you need to
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07. repair for high 
load-bearing bridge 
projects

Stronghold Coating Systems introduced MM1018, a polymeric metal material that 
provides force fit gap compensation for repair of concrete and steel bridges, power 
plants and utility construction projects, offshore drilling rigs, wind turbines, and other 
high-load, critical environments. According to the company, MM1018 provides 
100 percent volume restoration inside the gap between bearing and construction 
without machining the back plate and face plate. It combines high compressive and 
shear strength, excellent vibration damping, and long-term corrosion protection in 
extreme service conditions (vibration, temperature extremes, etc.), and is resistant 
to weathering and aging, as well as gasoline, oils, coolants, acids, lye, and more.

stronghold coating systems
www.strongholdone.com

06. nail-laminated 
timber design guide

The Binational Softwood Lumber Council released the Nail-Laminated Timber 
(NLT) U.S. Design and Construction Guide, a first-of-its-kind manual for the 
U.S. design and construction community. Available for free download at www.
rethinkwood.com, the guide provides direction to ensure safe, predictable, and 
economical use of NLT, and offers practical strategies and guidance, including 
lessons learned from real-life projects. Consistent with current codes and standards, 
including the 2015 International Building Code, this guide focuses on design and 
construction considerations for horizontal NLT applications pertaining to U.S. 
construction practice and standards.

binational softwood lumber council
www.rethinkwood.com
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OF Aep & environmental consulting firms

COST AS A PERCENT OF NET SERVICE REVENUE (NSR) * MEDIANS

Zweig Group’s 2017 Operating Expenses Survey of A/E/P & Environ-
mental Consulting Firms provides a comprehensive view of the largest 
line items that impact a firm’s overhead. All the labor and costs associ-
ated with human resources, marketing, and IT can add up fast. Throw 
in insurance for the firm and its employees, bonus plans, and other 
incentive programs and the margin for profitability can get pretty slim. 

That is why we have continued to publish this compilation study. Firm 
leaders must take every component of their organization into account 
when they are conducting strategic planning sessions, budgeting for 
annual reviews, and renegotiating contracts. The numbers we have 
compiled are not meant to be followed down to the dollar but more 
to act as a guide so firm leaders have a frame of reference from which 
they can begin to impact the bottom line of their business. Each firm 
is unique and needs to find the right threshold for spending inside its 
own budget. 

This year, we found that nearly 30 percent of a firm’s net service rev-
enue is allocated to these basic business needs. Across the survey it is 
interesting to note the considerable differences in overhead cost allo-
cation from the average or stable-growth firms to the fast-growth and 
high-profit firms. High-profit and fast-growth firms are strategically 
spending more money than other firms in key areas of the business.

It was also noteworthy to see how multidiscipline and full-service en-
gineering firms are being resourceful when it comes to some of these 
costs. They spent 2 to 5 percent less on rent and utilities, human re-
sources, and IT than other firm types but paid out more in bonuses and 
spent more on their group insurance programs.

Many of the programs and costs highlighted here are not necessary for 
a firm to function, but they are key pieces to developing the right cul-
ture that will attract and retain talent. Repeatedly, we find that the firms 
that retain talented employees perform better and generate more profits 
than firms with high turnover rates. 

Question the data, examine your own operations, and see what the right 
balance of spending looks like inside your firm. Any amount of money 
spent on operating expenses is an investment in the firm. The goal of 
this report is to pair the data with your investment strategy so you will 
know how and where to make the best decisions for your firm. Cutting 
costs may be a necessity, but it should be balanced with measures that 
have a greater impact on cash flow and still have a positive impact on 
employees’ moral and work ethic.
 
Be strategic, be decisive, and make sure your decisions lead to in-
creased profitability for your firm.

The 2017 Operating Expenses Survey of A/E/P & Environmental 
Consulting Firms is available for purchase (print or digital version) at 
https://zweiggroup.com.  

By Will Swearingen

Operating 
expenses

WILL SWEARINGEN is director of Research. He can be contacted at research@
zweiggroup.com. 

BENCHMARKS

research@zweiggroup.com
research@zweiggroup.com
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