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MARK C. ZWEIG
mzweig@zweiggroup.com

FROM THE PUBLISHER

Like many Civil + Structural Engineer readers, I have been traveling my entire professional career. 
While travel isn’t very fun for me, it could be a lot worse!
 
Here are some ways I make it better:

1. Eat before you get on the plane. You never know how long it will be before your next meal. You 
cannot count on the airlines to feed you much if anything these days and delays could mean that the 
luxurious layover you had planned for Chicago or DFW won’t occur, so eat up!

2. Bring a bottle of water. Buy it after you go through security or you’ll have to throw it out.

3. Get the airline app. It can help you in so many ways, such as providing your connecting flight’s 
gate. You can also check in from your phone and don’t need to stop at a kiosk. And, it will tell you what 
carousel your bags are on.  

4. Take the first flight out of Dodge. The first flight of the day is the least likely one to be delayed. If 
you are delayed, you’ll still have all day to get where you are going. And any time you can stand by for 
an earlier flight, do so!

5. Get an aisle seat so you can get up when you want to. You will feel less constrained and the luxury 
of being able to use the bathroom when you need to is hard to beat!

6. Dress in layers. That way you can stay warm or peel off clothes if needed. Sometimes planes are super 
hot; other times very cold.  

7. Get to the airport early. If there’s an accident blocking the highway or other delays or problems you 
can re-route. And get “TSA Pre” status to save time going through security.

8. Pack light and never check your bag. Checking means losing your bag about 10 percent of the 
time (not to say they won’t eventually find it, but who wants to go through that?). Do not gate check on 
commuter flights that have tight connections. You may wait 15 minutes on the jetway and if your flight 
was late arriving, that kills your ability to make your connection.

9. Carry all prescriptions and other drugs you need with you on the plane. Checked bags get lost. 
Keep the drugs where you can conveniently access them if you need them (side pouch?).

10. Bring a spare pair of pants. I used to travel with a fellow (civil engineer, by the way) who would 
wear a pair of khakis for a two-day trip with no pants in reserve. Bad idea! You could have an accident 
and spill coffee on them. Whatever happens, you want to be prepared.

11. Have an auxiliary phone battery — charged. Always bring a spare. Get a good one. I have one that 
will charge my phone three times over. It cost $50. That is a big stress-reliever.

12. Get noise-canceling headphones. Chad Clinehens, Zweig Group’s CEO, bought me some of these 
for Christmas. Fantastic gift. They make every flight a pleasant experience. You can really zone out and 
relax.

13. Use Uber when you get where you are going. Dealing with rental cars takes time and is a big hassle. 
Cabs sometimes are dirty and have bad drivers who don’t know where they are going. Uber has an app 
and pre-stored credit cards and the driver has GPS.

14. Bring your latest copy — print or digital — of Civil + Structural Engineer with you! Nothing 
like having good reading material on a trip!

Business 
travel 

14 tips for a better 
business trip
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Diversions: Ready, set… whoa!
By Andy Sciarabba, P.E., T.G. Miller, P.C., Engineers and Surveyors

Time and time again we think about time. Personal time, sick time, family 
time, time off, time out, overtime. Is there ever enough time? We always 
think so. Then we try to stuff 10 pounds of it in a five-pound bag. 

In the working world you need to manage your time. If you were lucky, 
you may have been taught time management. But time management takes 
time — time to plan.

There are a myriad of time management programs, planners, and software 
out there. And no one system suits everyone. No matter what system you 
use there is one immediate flaw: Humans are over-optimistic. We tend to 
think we can get things done much quicker than we can. We can get 10 
hours of work done in five hours, right? Maybe. If we only had one job and 
could work on it from start to finish, then just maybe. But we tend to forget 
about reality.

Read the entire article at http://tinyurl.com/diversions-march18.  

Project Profitability: Training project 
managers — A case study and course
By Howard Birnberg, Association for Project Managers

There are many methods to determining, preparing, and delivering project 
manager training. In a recent consulting assignment, we developed a 
methodology using a three-step approach to enhancing the skills of the 
targeted project managers:
• Step 1: Determine content
• Step 2: Prepare (a) targeted course(s) 
• Step 3: Deliver the educational content 

An outline from my University of California Berkeley Extension course is 
a starting point for selecting training topics.  

Read the entire article at http://tinyurl.com/projectprofit-march18.      

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 
March 2018 issue:
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 CHAD CLINEHENS, P.E., is Zweig Group’s president and CEO. Contact him at cclinehens@zweiggroup.com.

engineering our future

Keys to success
Include discipline, hard work, and communications as a 

long-term part of your career development strategy.

Discipline, hard work, good communications skills — those are the keys to success. Sure, a number of things can 
create short-term success, but in the long term, you must exhibit these qualities to be really successful. 

Read up on any of the top successful leaders of the past and present and most of them exude these traits. Discipline is 
defined as orderly or prescribed conduct or pattern of behavior. It is the intelligent and consistent aspect of hard work. 
Most of the really successful people have tremendous discipline, both at work and home, sometimes to the point of 
being, well, appearing a bit crazy. 

Whether it be regimented morning routines, highly structured diets, or specific daily agendas, top leaders focus on 
performance and stay committed to the things that drive growth. 

Hard work is an obvious key to success, but it goes beyond just hard work. It is smart work, efficient work, and 
directed work. 

Communication is another attribute that does not come naturally for many in this industry. Communication skills can be 
developed through training and development exercises. Furthermore, it is important to recognize that communication 
is not just about what you say, it’s about what you hear. Listening is one of the most important communication skills. 

In the AEC industry, we struggle with all three attributes — discipline, hard work, and communications skills — and 
it is made worse by how reactive we are to client needs. In many AEC firms, the client comes first, and that is a great 
policy for maintaining client satisfaction. However, it can be a short-term mindset that can interfere with a focus on 
the long term. 

We must focus more on developing the people below us, hiring the people we need before that need becomes critical, 
and staying focused on efficiency and growth of the company. We also must focus on developing ourselves, such as 
improving our communication skills and expanding our skill set. 

Instead, too many project managers and engineers are so busy right now that a focus on these essential attributes is 
difficult or non-existent as the day is consumed on projects. We need to invest more in ourselves if we are going to 
be successful. If you are too busy to do this, speak up and devote some time and focus to the long-term part of your 
career development strategy. 
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engineering front line

H. KIT MIYAMOTO, PH.D., S.E., is the CEO and a structural engineer for Miyamoto 
International (http://miyamotointernational.com), 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.

Eight years after
Return to Haiti reveals lasting impacts from 

earthquake recovery efforts.

On Jan. 12, 2018, landing at the Port-au-Prince airport in Haiti, I smell a mixture 
of gas exhaust and tropical heated air. A Haitian Kompa band plays music with 
a fast beat at immigration. I feel I am back home. This is the place I lived for 
several years after the 2010 earthquake that killed more than 300,000 people 
and damaged or destroyed more than 200,000 buildings. At one point, we had 
more than 1,000 masons, engineers, and contractors under our management. 
Our Haitian team assessed 430,000 structures and repaired or reconstructed 
more than 12,000 buildings. I must say, it was an unbelievably challenging but 
spectacular experience. 

I met numerous wonderful people in the process: Guilaine, our country 
manager, a trained Haitian lawyer who was assigned to me as a volunteer 
translator initially by PADF, the nonprofit we were working with. She soon 
emerged as a leader capable of handling hardened contractors in a disaster 
zone. 

Robi, a young, U.S.-college educated Haitian who dedicated his life to the 
Port-au-Prince area, Cité Soleil, which is considered to be one of the most 
impoverished and dangerous communities in the Western Hemisphere. In this 
devastated community, we established our nonprofit arm, Miyamoto Relief. 
With Robi, we raised money and repaired and strengthened a 1,500-student 
high school there. Incredibly, the project won an ENR Global Project of the 
Year award. I had always wondered what happened to the school after we left. 

I walk into the campus under a blazing hot sun. It is amazing. The community 
has kept everything nice and maintained. The computer lab we built is fully 
operational with flower pots found here and there. The students are as eager 
and cheerful as ever. I really miss them.

Our office in Haiti is smaller, but still fully operational. We work for the 
Haitian government, the private sector, and international agencies. I notice that 
many international NGOs and companies have left the island. You no longer 
see many foreign faces in restaurants. The earthquake was eight years ago, 
so international aid funds have run out. But as a private company, we don’t 
solely rely on aid money. We work for many private and local public projects. 
It is kind of cool. Our trained Haitian engineers provide work completed to 
international standards even now, way after everyone else left the country. 

Today, it is hard to find scars from the M7 earthquake eight years ago. I see 
that the country is stronger. Buildings are taller and bigger. Even in poor 
communities, you can find ACI 318-qualified 135-degree hooks in rebar! 
People capacity lives on. 

While I am here, this place became known as a “s***hole.” My daughter, 
Mimi, who studies film at Occidental College, is with me. I asked her 
to roll some film and share this “hole” with the world. So here you go: 
http://miyamotointernational.com/eight-years-later-haiti. Let me know what 
you think!

Kit Miyamoto at the inauguration of the repaired 
and strengthened Cité Soleil school in Haiti. 

Photo: Marie Elizabeth Arago
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events

march 2018

Women in Engineering & Construction
March 5-6 — Denver
Conference brings together women and men across related sectors 
in the engineering and construction industry to discuss strategies for 
leveraging professional development resources and technical advances 
in engineering and construction to invoke change for diversity and 
inclusion.
www.euci.com/event_post/0318-women-engineering 

Membrane Technology Conference & Exhibition
March 12-16 — West Palm Beach, Fla.
American Water Works Association and the American Membrane 
Technology Association are partnering with Water Environment 
Federation and WateReuse Association to explore how the latest 
developments in membrane technology can enhance water reliability 
and quality.
www.awwa.org/conferences-education/conferences/membrane-technology.aspx 

Design-Build for Water/Wastewater
marCH 19-21 — portland, ore.
Event for design-build owners and practitioners in the water industry 
co-hosted by the Design-Build Institute of America, the American 
Water Works Association, the Water Environment Federation, and the 
Water Design-Build Council.
https://www.dbia.org/Conferences/water/Pages/default.aspx 

AASHTO GIS for Transportation Symposium
March 19-22 — Little Rock, Ark.
The symposium offers keynote speakers, discussion forums, workshops, 
presentations, and a technology hall exhibiting services related to the 
use of GIS for transportation purposes.
www.gis-t.org 

ASBPA Coastal Summit
March 20-22 — Washington, D.C.
Conference focuses on policy, technology, and advocacy for shore 
and beach preservation. In addition, a series of short courses will be 
presented as modules for the Certified Coastal Practitioner credential.
http://asbpa.org/conferences 

Design-Build in Transportation
marCH 21-23 — portland, ore.
Nearly 1,000 public and private owners, design-build practitioners, and 
exhibitors address the growing nationwide role of design-build project 
delivery.
https://www.dbia.org/Conferences/transportation/Pages/default.aspx 

The Concrete Convention and Exposition
March 25-29 — Salt Lake City
Engineers, architects, contractors, suppliers, and others collaborate 

on concrete codes, specifications, and practices. American Concrete 
Institute will hold more than 300 committee meetings, 40 technical 
sessions, and an industry trade exhibition.
www.aciconvention.org 

april 2018

Complete Streets Conference
aprIL 3-4 — nashville, tenn.
Under the theme, Intersections: Creating Culturally Complete Streets, 
attendees will learn practical ways to integrate arts and culture to create 
streets that not only are safe for everyone, but also better reflect the 
unique character of their communities.
https://smartgrowthamerica.org/program/intersections-creating-culturally-complete-streets

NASCC: The Steel Conference
AprIL 11-13 — Baltimore
Educational and networking event for the structural steel industry, 
bringing together structural engineers, structural steel fabricators, 
erectors, and detailers. In addition to seminars on the latest design 
concepts, construction techniques, and cutting-edge research, the 
conference offers an extensive trade show.
www.aisc.org/nascc 

Structural Design Topics in Wood Construction
aprIL 16-18 — blacksburg, va.
This course offers a range of topics related to the structural design of 
wood-frame buildings as well as design measures that can enhance the 
in-service performance of structural elements.
www.cpe.vt.edu/sdtwc/index.html

Structures Congress 2018
April 19-21 — Ft. Worth, Texas
Learn the latest from the experts who develop SEI/ASCE standards and 
earn PDHs from 12 tracks of technical sessions, including Buildings, 
Bridges, Natural Disasters, Professional Practice, Risk Management, 
Blast, Materials, Seismic, Forensics, and more.
www.structurescongress.org 

The Principals Academy
April 26-27 — Sonoma, Calif.
June 7-8 — Aspen, Colo.
July 19-20 — Montreal, Canada
Oct. 25-26 — Charleston, S.C.
Intensive course in all aspects of managing a professional service 
firm, including business planning, marketing/business development, 
accounting, financial management, project management, leadership, 
mergers and acquisitions, ownership transition planning, and recruitment 
and retention.
https://zweiggroup.com/seminars/the-principals-academy 
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MAY 2018

Leadership Skills for AEC Professionals
May 2-3 — Miami
Nov. 14-15 — San Francisco
Specifically developed to provide design and technical professionals 
with the skills to become more competent leaders, including strategies 
and techniques that will help them grow personally and professionally.
https://zweiggroup.com/seminars/leadership-skills-for-aec-professionals   

WTS International Annual Conference
May 16-18 — San Diego
More than 700 corporate and governmental transportation leaders 
worldwide are expected to exchange ideas and learn about the latest 
developments in the industry. Optional technical tours are offered of 
some of the nation’s most impressive transportation hubs and iconic 
infrastructure and landmarks.
www.wtsinternational.org/networking/annual-conference 

JUNE 2018

ITS America 27th Annual Meeting
June 4-7 — Detroit
Themed Transportation 2.0, the Intelligent Transportation Society of 
America conference focuses on topics such as automation, connected 
vehicles, and cyber security, as well as educational sessions and 
presentations on the future of mobility and cutting-edge technology 
exhibits and demonstrations.
https://itsdetroit2018.org 

AEC NEXT
June 5-7 — Anaheim, Calif.
Dec. 4-6 — Washington, D.C.
Nine technology tracks and more than 100 conference sessions explore 
the latest trends and best practices for designing, constructing, and 
managing AEC projects smarter. Exhibits showcase the latest products 
and emerging technologies.
www.aecst.com 

International Bridge Conference
June 11-14 — National Harbor, Md.
The IBC annually attracts more than 1,200 bridge owners and 
engineers, senior policy makers, government officials, bridge designers, 
construction executives, and suppliers from throughout the U.S. and 
abroad.
https://eswp.com/bridge/bridge-home 

Real Marketing and Branding for AEC Firms
June 21 — Miami
Designed to bring clarity and distinction between marketing and 
sales (business development), this course will aid all levels of staff 
to understand how to market the firm and build the brand in their 
respective roles.
https://zweiggroup.com/seminars/real-marketing-and-branding-for-aec-firms 

AEC Business Development Training 
June 22 — Miami
Specifically developed to help design and technical professionals 
become more comfortable dealing with clients and promoting the firm 
and its services.
https://zweiggroup.com/seminars/aec-business-development-training  

JULY 2018

International Conference on Transportation & Development
July 15-18 — Pittsburgh
Discover the latest innovations and learn more about major technologies 
and their impact on transportation and development. Network 
with infrastructure planning, design, operation, and management 
professionals and get up-to-date information about federal and state 
policies and initiatives that are shaping the profession.
www.asce-ictd.org 
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Cara Tackett, P.E., LEED AP, senior vice presi-
dent, is the new leader of Pape-Dawson Engineers’ 
Water Resources team. She has 21 years of experi-
ence in civil engineering and environmental services. 
The Bexar Chapter of the Texas Society of Profes-
sional Engineers named Ben Setterbo, P.E., Pape-
Dawson project manager, as the “Young Engineer of 
the Year” for 2018. Brandon O’Donald, P.E., was 
promoted to vice president at Pape-Dawson. He will 
be responsible for oversight and management of the 
firm’s Fort Worth, Texas, office. He has more than 20 
years of experience in planning, designing, permit-
ting, and project management of land development 
projects. Brice Moczygemba, P.E., senior vice 
president, retired effective December 2017 after 31 
years of service to Pape-Dawson. During his tenure 
at the firm, he managed a land development team 
and, most recently, a water resources team respon-
sible for drainage, water, and wastewater infrastruc-
ture projects.

Michael Baker International appointed Cory Wilder 
to senior vice president and office executive of the 
firm’s Houston office. He will position the Houston 
office for growth by leveraging his more than 23 
years of experience with Michael Baker, including 
an extensive background in oil and gas as well as 
diverse experience in other areas, such as highways.

Robert Hunter, P.E., CME, joined T&M As-
sociates’ Mount Laurel, N.J., office as department 
manager to lead the company’s site development 
initiatives. Hunter will work across a wide range 
of sectors, including pharmaceutical, life sciences, 
manufacturing, education, and government.

RETTEW promoted John B. Stipe III, CPSS, direc-
tor of geosciences and subsurface utility engineering, 
to the position of vice president. Stipe will lead many 
of the firm’s environmental and underground investi-
gation services, including geophysical mapping, sub-
surface utility locating, environmental due diligence, 
remediation, and environmental compliance.

The Masonry Society presented its 2017 Paul Haller 
Structural Design Award to Thornton Tomasetti 

Principal Chukwuma Ekwueme, Ph.D., P.E., S.E., 
LEED AP. Ekwueme was selected by the organiza-
tion’s Design Practices Committee for his outstand-
ing contributions to structural masonry design and 
education. With more than 25 years of professional 
experience, Ekwueme has extensive experience in 
structural design and is a recognized expert in earth-
quake engineering.

Gannett Fleming named Andrew Gillespie, P.E., 
PEng; Teresa Peterson, P.E., CME, LEED AP 
O+M, ENV SP; Eric Rensel; and Terry Snow, 
P.E., as stockholders of the firm. Gillespie brings 
more than 25 years of experience to his roles as a 
vice president and Transit & Rail Systems project 
director based in the firm’s Philadelphia office. Pe-
terson is a facilities area manager responsible for the 
electrical, mechanical, and plumbing practices in the 
Northeast. She is the Northeast regional director of 
sustainability and was a founding member of Future 
Generations at Gannett Fleming. Rensel is a vice 
president based in the firm’s corporate headquarters 
in Harrisburg, Pa. He started with the firm more than 
20 years ago as an intern and specializes in traffic 
incident management and intelligent transportation 
systems strategies. Snow is a vice president, North 
Carolina area transportation manager, and office 
principal based in Raleigh, N.C. He is responsible 
for strategic growth, business and proposal devel-
opment, client service, financial performance, and 
project oversight for transportation planning and 
design projects. Gannett Fleming also elected Bryan 
P. Mulqueen, P.E., to its board of directors effec-
tive Jan. 1, 2018. Based in the firm’s Raleigh, N.C., 
office, Mulqueen is an executive vice president and 
Transit & Rail Global Business Line director.

David Cleary, P.E., received a promotion from 
assistant director of land development services to 
director of land development services at raSmith. 
With a career spanning nearly 25 years in the civil 
engineering industry, Cleary will focus on leading 
the division with a staff of 35 in Wisconsin, Illinois, 
and California.

Joe North joined HNTB Corporation as senior GIS 

on the rise

Ben Setterbo, P.E.

Joe North

Robert Hunter, P.E., 
CME

James Behler, P.E., 
SECB

Brice Moczygemba, 
P.E.

Jennifer Ridd, P.E.

Chukwuma Ekwueme, 
Ph.D., P.E., S.E., 

LEED AP

Cara Tackett, P.E., 
LEED AP

David Cleary, P.E.

Cory Wilder

Brandon O’Donald, P.E.

Josh Bronstad, P.E., 
ENV SP

John B. Stipe III, CPSS

Awards, promotions, and new hires
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analyst, based in the firm’s Tallahassee, Fla., office. 
He has more than 20 years of experience in geospa-
tial analyses, geodatabase design, GIS project man-
agement, and GIS applications and infrastructure.

William C. (Bill) Siegel, P.E., was appointed presi-
dent of San Diego-based Richard Brady & Associ-
ates. Siegel’s previous experience includes serving 
as CEO and chairman of the board of Kleinfelder. 
After his tenure with Kleinfelder, he established a 
successful management consulting practice.

JQ announced the promotion of Josh Bronstad, 
P.E., ENV SP, and Jennifer Ridd, P.E., to associ-
ates with the firm in its Dallas office. Bronstad has 
expertise in structural engineering for water and 
wastewater facilities and extensive experience in 
the analysis and design of deep hydraulic retaining 
structures. Ridd has more than 14 years of experi-
ence providing structural engineering design, analy-
sis, project management, and feasibility studies for 
concrete, structural steel, and masonry structures.

Newly minted Principals James Behler, P.E., 
SECB; Mark Orsini, P.E., S.E.; and Brian 
Rawlings, P.E., SECB, are the latest additions to 
O’Donnell & Naccarato’s senior leadership. Behler 
has more than 25 years of experience as a structural 
engineer, including the multi-family, mixed-use, 
health care, hospitality, education, and commer-
cial sectors. During the last 16 years, Orsini has 
designed and managed a range of highly complex 
health care, education, multi-family, commercial, 
and parking projects. Since joining O&N 12 years 
ago, Rawlings has managed the structural design 
of major educational, health care, multi-family, and 
mixed-use projects.

Jeff Roman, national director of engineering, was 
appointed as a partner in architecture and design 
firm Little. He leads Little’s mechanical, electrical, 
and structural engineering teams across the country.

David Bass, P.E., was named vice president and di-
rector of transportation client services for WSP USA 
in the Carolinas. With nearly 30 years of experience 

in planning, engineering, project management, and 
business development, Bass is well versed in all 
forms of transportation, including aviation, rail, and 
toll facilities. Richard Mahoney, P.E., was named 
a supervising construction engineer in the New York 
City office of WSP USA. He has more than 35 years 
of experience in management of large municipal 
and industrial design and design-build projects. 
Eric Ploch, P.E., was named Southwest Texas 
area manager at WSP USA. He has more than 25 
years of consulting experience, specializing in the 
management of complex transportation programs 
and projects. Kenneth Price, P.E., S.E., will man-
age the complex bridge practice of WSP USA in 
the firm’s Central and Texas/Mountain regions as a 
vice president based in Chicago. Price has practiced 
bridge engineering for 40 years in the U.S., Canada, 
Thailand, and Malaysia. Mike Zwick, P.E., joined 
WSP USA as bridge design practice leader in Cin-
cinnati. In his new position, Zwick will also serve as 
a resource for bridge design, rehabilitation, inspec-
tion, and load rating projects throughout Ohio.

Magnusson Klemencic Associates (MKA) elevated 
two individuals to senior principal: Rob Chmielows-
ki, P.E., S.E., design leader for the Office Building 
Specialist Group; and Matt Jones, P.E., LEED 
AP, BD+C, design leader for the Civil Engineering 
Group. MKA also elevated four individuals to prin-
cipal: Robert Baxter, P.E., S.E., leader of MKA’s 
Advanced Geometry Technical Specialist Team; 
Leif Johnson, P.E., S.E., leader of MKA’s Wood 
and Sustainability Technical Specialist Teams; Ian 
McFarlane, P.E., S.E., leader of MKA’s Founda-
tions and Concrete Technical Specialist Teams; and 
Brian Morgen, Ph.D., P.E., S.E., LEED AP, leader 
of MKA’s Performance-Based Seismic Design 
Technical Specialist Team.
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AECOM released its inaugural global research report, The Future of In-
frastructure, which harnesses survey data and opinions from more than 
500 industry decision-makers working in major organizations across 
the North America, Europe, and the Asia-Pacific regions. With eight 
in 10 respondents agreeing this is a pivotal time for the industry, the 
report examines the problems, priorities, and potential in delivering 
major infrastructure projects around the world. 

“Infrastructure networks and systems around the globe are under con-
siderable strain. Amid urbanization, climate change, and the dizzying 
pace of technological advances, just narrowing the gap that exists is no 
longer a sufficient goal. What’s needed is a giant leap forward,” said 
Michael S. Burke, AECOM’s chairman and CEO. “Our report makes 
clear that by focusing the smartest minds, training and deploying more 
skilled workers, and leveraging new digital tools, we can come together 
to deliver a better future through infrastructure. The potential offered 
by high-quality infrastructure is transformative, and getting it right is 
everyone's business.”

As governments around the world face a time of unprecedented 
complexity and transformation, The Future of Infrastructure report 
showcases how infrastructure development is complicated by rapid 
urbanization, demographic change, and the maturing of our digital 
age. Specifically, the report looks at the gap in funding and investment, 
the growing necessity for resilient infrastructure, evolving workforce 
needs, and how the sector must innovate at rapid speed.

Notable findings include:

• Changes in legislation and innovative funding models are needed to 
remove obstacles and allow the public sector to better access private-
sector financing — 90 percent of respondents believe innovative fund-
ing models are effective at bridging the funding gap.

• Future proofing and protection to guard against cyber and physical at-
tacks are essential for all existing networks and systems — 71 percent 
of respondents say a major cyberattack or citywide transport disruption 
is probable in the near future.

• As we enter the fourth industrial revolution, the world of infrastruc-
ture needs to rethink project design and delivery. Connected expertise 
is the key to a seamless approach — 71 percent believe that many of 
the traditional, tried-and-tested approaches to project management do 
not fit the demands of today’s large, complex programs.

“We know that safe, secure, and resilient infrastructure is critical to 
economic growth and social progress,” Burke said. “The industry must 
embrace innovation and develop new ways to fund and deliver projects 
faster, smarter, and better.”

The Future of Infrastructure report was compiled in two ways. First, 
AECOM conducted an online survey of 509 civil infrastructure profes-
sionals from three regions: Asia-Pacific, Europe, and North America. 
Survey respondents work in a range of sectors related to civil infra-
structure and all work on projects exceeding US$100 million, with 
nearly half (43 percent) working on projects exceeding US$500 mil-
lion. AECOM was not identified as the research sponsor. 

Second, AECOM conducted qualitative interviews with a range of 
senior executives in the civil infrastructure industry, where AECOM 
identified as the research sponsor. Participants were not compensated 
for their time or responses.

Download The Future of Infrastructure report at https://infrastructure.
aecom.com. 

MANAGEMENT FILES

The future of 
infrastructure

AECOM’s inaugural global report defines 
infrastructure’s next chapter.

Information provided by AECOM (www.aecom.com). 

https://infrastructure.aecom.com
https://infrastructure.aecom.com
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For all of 2017, total construction starts grew 3 percent to $745.9 bil-
lion, according to Dodge Data & Analytics, which followed the 6 per-
cent increase reported for 2016. The full-year 2017 gain was dampened 
by a 35 percent downturn for the electric utility/gas plant category. If 
electric utilities and gas plants are excluded, total construction starts 
for 2017 would be 5 percent higher than the corresponding amount for 
2016 (see Table 1 on page 18).

“On a quarterly basis, growth in 2017 was reported during the first and 
third quarters, while activity retreated during the second and fourth 
quarters, continuing the up-and-down pattern around an upward trend 
that was present during 2016,” said Robert A. Murray, chief economist 
for Dodge Data & Analytics.

“On the positive side for 2017, institutional building assumed a leading 
role in keeping the nonresidential building expansion going, reflecting 
elevated activity for transportation terminal starts and further improve-
ment by educational facilities,” Murray said. “Manufacturing plant 
construction starts strengthened, ending a two-year decline, and com-
mercial building was able to stay close to its heightened 2016 amount. 
Residential building in 2017 showed more growth for single-family 
housing, offsetting a downturn for multifamily housing. And, public 
works construction in 2017 was able to strengthen, helped by the start 
of several very large pipeline projects and a moderate gain for highway 
and bridge construction.”

According to Murray, the construction industry during the last two 
years has transitioned to a more mature stage of expansion, character-

ized by slower rates of growth for total construction compared with 
the 11 percent to 13 percent yearly gains during the 2012-2015 period.

“For 2018, the construction expansion is anticipated to continue at a 
modest pace,” Murray said. The tax reform package is expected to 
provide a near-term lift to overall economic growth, and the likely 
beneficiaries would be commercial building and multifamily housing. 
Funding support for institutional building will come from the state and 
local bond measures passed in recent years. Passage of a new infra-
structure program at the federal level could be a plus for public works, 
although the impact at the construction site is likely to be felt more in 
2019 than in 2018, as the program would feature incentives to boost 
funding from state, local, and private sources.”

Nonresidential building
For 2017 as a whole, nonresidential building advanced 7 percent to 
$270.7 billion. The institutional building categories as a group climbed 
14 percent, a stronger gain than the 9 percent increase reported dur-
ing 2016. Transportation terminal work had a banner year in 2017, as 
new construction starts soared 121 percent. Noteworthy transportation 
terminal projects that reached groundbreaking were led by two projects 
at LaGuardia Airport in New York — the $4 billion Delta Airlines Ter-
minal and the $3.4 billion Central Terminal replacement project. 

The next three largest transportation terminal projects were the $1.9 
billion Delta relocation to Terminals 2 and 3 at Los Angeles Inter-
national Airport, the $1.3 billion Farley Train Hall redevelopment in 
New York, and the $1.2 billion South Terminal C project (phase 1) at 
Orlando International Airport. 

The educational facilities category in 2017 increased 6 percent, as 
college and university construction starts jumped 20 percent after 
experiencing a 3 percent decline in the previous year. Large college 
and university projects that reached groundbreaking in 2017 included 
a $421 million research laboratory at the University of California in 
Merced, Calif., and a $327 million school of engineering and applied 
sciences at Harvard University in Allston, Mass. 

Market sector spending 
review and forecast

New construction starts advanced in 2017 at a slower, 
uneven pace, with modest growth expected in 2018.
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The K-12 portion of the educational facilities category rose 5 percent 
in 2017, a smaller gain than the 14 percent increase during the previous 
year. The top five states for K-12 school construction in 2017, with 
their percent change from the previous year, were the following:  
• Texas, down 4 percent; 
• New York, up 24 percent; 
• California, up 13 percent; 
• Washington, up 43 percent; and 
• Ohio, up 9 percent. 

Health care facilities in 2017 improved 1 percent, and included 43 proj-
ects valued each at $100 million or more, led by the $1.4 billion Penn 
Medicine Patient Pavilion in Philadelphia and a $550 million medical 
center in St. Louis. Additional gains in 2017 were reported for religious 
buildings, up 13 percent (after a very weak 2016), and public buildings, 
up 6 percent. 

The amusement-related category fell 6 percent in 2017 after a 28 
percent jump in 2016 that included the start of the $3.0 billion foot-
ball stadium for the Los Angeles Rams and Los Angeles Chargers in 
Inglewood, Calif. Several large amusement-related projects did reach 
groundbreaking in 2017, led by the $1.2 billion expansion of the Javits 
Convention Center in New York; the $1.1 billion retractable-roof base-
ball stadium for the Texas Rangers in Arlington, Texas; and the $562 
million arena portion for the Golden State Warriors that’s part of the 
$1.0 billion Chase Center complex in San Francisco.

The commercial categories as a group slipped 3 percent in 2017, after 
surging 22 percent in 2016. Store construction and commercial garages 
registered the largest declines, with each falling 10 percent. Hotel 
construction dropped 5 percent, following a 28 percent jump in 2016 
that included the $465 million hotel portion of the $1.7 billion Wynn 

Casino in the Boston area. There were still several large hotel projects 
that reached groundbreaking in 2017, such as the $575 million hotel 
portion of the $900 million Seminole Hard Rock Hotel expansion in 
Hollywood, Fla., and the $342 million hotel portion of the $500 million 
Resorts World Hotel and Casino in Las Vegas. 

Office construction receded 2 percent in 2017 after registering a 29 
percent gain in 2016 that included the $2.0 billion 3 Hudson Boule-
vard office building and the $1.5 billion One Vanderbilt Tower, both in 
New York. Large office projects that reached groundbreaking in 2017 
included the $1.7 billion 50 Hudson Yards office building in New York, 
the $780 million office portion of the $1.3 billion Oceanwide Center 
complex in San Francisco, and the $750 million Facebook data center 
in Sandston, Va. 

The top five metropolitan areas in 2017 ranked by the dollar amount 
of new office construction starts, with their percent change from the 
previous year, were:
• New York, down 33 percent;
• San Francisco, up 132 percent;
• Washington, D.C., up 10 percent;
• Dallas-Ft. Worth, down 21 percent; and
• Atlanta, up 27 percent. 

Warehouse construction was the one commercial project type to 
register a gain in dollar terms during 2017, increasing 10 percent, 
which reflected the start of numerous Amazon fulfillment centers. The 
manufacturing plant category advanced 21 percent in 2017, following 
declines of 30 percent in 2015 and 20 percent in 2016. Petrochemi-
cal plant starts increased substantially in 2017 after a two-year slide, 
and included such projects as a $6.0 billion ethane cracker facility in 
Pennsylvania and a $1.8 billion methanol plant in Louisiana.

Table 1: U.S. Construction starts, 2016-2017

                                                    2016* 2017*            Change
Nonresidential Building             $253,330      $270,701   7%

Residential Building                         $297,202      $302,018   2%

Nonbuilding Construction             $176,560      $173,190  -2%__

Total Construction                         $727,092      $745,909   3%

Total Construction excluding

     electric utilities/gas plants             $680,684      $715,715   5%

* Unadjusted totals in millions of dollars
Source: Dodge Data & Analytics
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Residential building
The 2017 amount for residential build-
ing was $302.0 billion, a 2 percent gain 
that followed a 9 percent increase in 
2016. Single-family housing maintained 
its moderate upward track, rising 8 per-
cent, which matched its rate of growth 
in dollar terms for 2016. 

By geography, single-family housing in 
2017 showed the following pattern for 
the five major regions:
• South Atlantic, up 12 percent; 
• South Central and West, each up 8 

percent; 
• Midwest, up 5 percent; and 
• Northeast, down 2 percent. 

Multifamily housing in 2017 headed 
in the opposite direction, falling 12 
percent after seven straight years of 
expansion. New York, the nation’s 
leading multifamily market by dollar 
volume, registered a relatively modest 
4 percent decline in 2017, after sliding 
a substantial 27 percent in 2016. How-
ever, the pullback for multifamily hous-
ing broadened on a geographic basis 
during 2017, as seven of the remaining 
nine metropolitan markets in the top 10 
showed weaker activity, with only San 
Francisco and Atlanta reporting gains. 
Rounding out the top 10 multifamily 
markets by the 2017 dollar volume, with 
their percent change from 2016, were 
the following:
• Los Angeles, down 17 percent; 
• Washington, D.C., down 23 percent; 
• Chicago, down 24 percent;
• San Francisco, up 3 percent; 
• Boston, down 29 percent; 
• Atlanta, up 26 percent; 
• Miami, down 50 percent; 
• Seattle, down 10 percent; and 
• Dallas-Ft. Worth, down 26 percent.

Nonbuilding construction
For the full year 2017, nonbuilding con-
struction dropped 2 percent to $173.2 
billion. The nonbuilding decline was 
mostly the result of the 35 percent plunge 
for the electric utility/gas plant category, 
which continued to retreat after its most 
recent peak in 2015. Although the dollar 
amount for conventional power plant 

ABI and Consensus Forecast

The Architecture Billings Index (ABI) concluded the year in positive terrain, with the 
December reading capping off three straight months of growth in design billings. The 
American Institute of Architects (AIA) reported the December ABI score was 52.9, down 
from a score of 55.0 in the previous month. This score still reflects an increase in design 
services provided by U.S. architecture firms (any score above 50 indicates an increase in 
billings). The new projects inquiry index was 61.9, up from a reading of 61.1 the previous 
month, while the new design contracts index decreased slightly from 53.2 to 52.7.

“Overall, 2017 turned out to be a strong year for architecture firms. All but two months 
saw ABI scores in positive territory,” said AIA Chief Economist Kermit Baker, Ph.D., 
Hon. AIA. “Additionally, the overall strength of the fourth quarter lays a good foundation 
for healthy growth in construction activity in 2018.”

Key December ABI highlights:
• Regional averages: South (56.3); West (53.0); Midwest (52.9); Northeast (49.4)
• Sector index breakdown: Multifamily residential (55.4); Commercial/Industrial 

(54.8); Institutional (51.2); Mixed practice (50.4)

The regional and sector categories are calculated as a three-month moving average, 
whereas the national index, design contracts, and inquiries are monthly numbers.

Consensus forecasts
Despite labor shortages and rising material costs that continue to impact the construction 
sector, construction spending for nonresidential buildings is projected to increase 4 
percent this year and continue at that pace of growth through 2019. The AIA semi-annual 
Consensus Construction Forecast indicates the commercial construction sectors will 
generate much of the expected gains this year, and by 2019 the industrial and institutional 
sectors will dominate the projected construction growth:

Market Segment                                      2018 Growth 2019 Growth
Overall nonresidential building              4.0%                     3.9% 
Commercial/Industrial                            4.4%                     2.9% 
Office space                                          4.6%                     3.0% 
Retail                                                         4.4%                     3.5% 
Hotels                                                            4.1%                     0.8% 
Industrial facilities                            3.3%                     5.2%
Institutional                                           3.8%                     4.3% 
Education                                           4.0%                     4.9% 
Health care facilities                             4.0%                     4.0% 
Public safety                                            3.6%                       3.9% 
Amusement/Recreation                             3.3%                     2.4% 
Religious                                           -1.1%                      0.9%

“Rebuilding after the record-breaking losses from natural disasters last year, the recently 
enacted tax reform bill, and the prospects of an infrastructure package are expected to 
provide opportunities for even more robust levels of activity within the industry,” Baker 
said. “The ABI and other major leading indicators for the industry also point to an upturn 
in construction activity over the coming year.”

Learn more about the AIA’s Consensus Construction Forecast at                                                                                    
https://www.aia.org/articles/173086-what-slowdown-pace-of-construction-activity. 

Source: American Institute of Architects
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starts increased 6 percent in 2017, other power generation projects 
including solar and wind fell 49 percent, and the amount of gas plant 
construction starts was negligible by recent standards. 

The public works project types as a group grew 10 percent in 2017, with 
a large share of that increase coming from 35 percent growth for the 
miscellaneous public works category. If miscellaneous public works is 
excluded, the remaining public works categories together would be up 
only 1 percent in 2017. The miscellaneous public works category ben-
efitted from an exceptionally strong amount of new pipeline projects, 
totaling $21.6 billion in 2017, and including such projects as the $4.2 
billion Rover natural gas pipeline located mostly in Ohio and the $3.0 
billion Atlantic Sunrise natural gas pipeline expansion located mostly 
in Pennsylvania. Rail mass transit construction starts, totaling $9.6 bil-
lion in 2017, also lifted the miscellaneous public works category. 

Highway and bridge construction starts grew 7 percent in 2017, 
strengthening after a 9 percent decline in 2016. The top five states in 
2017 ranked by the dollar amount of new highway and bridge con-
struction starts, with their percent change from the previous year, were:
• Texas, down 20 percent;
• California, up 9 percent;
• Virginia, up 180 percent;
• Florida, up 23 percent; and
• Pennsylvania, up 32 percent. 

The environmental public works categories registered decreased ac-
tivity in 2017, with river/harbor development down 2 percent, sewer 
construction down 10 percent, and water supply construction down 17 
percent.

The 3 percent increase for total construction starts at the national level 
in 2017 was the result of mixed behavior by geography. The Northeast 
climbed 17 percent, aided by strong gains for its institutional building 
sector and natural gas pipelines, while more moderate total construc-
tion growth was reported for the South Atlantic, up 6 percent; and the 
West, up 3 percent. Total construction declines in 2017 were reported 
for the South Central, down 3 percent; and the Midwest, down 8 per-
cent.

Information provided by Dodge Data & Analytics (www.construction.com). 
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With the immense expansion of the Internet of Things (IoT), smart cit-
ies have become more than just a concept. Technology is taking over 
the way we do things and impacts municipal services around the globe. 
Although adopting new technology in the construction industry can 
be a slow process, it has proven to bring much needed change and to 
improve construction and building processes. 

With the aim to improve quality of life by making cities more sustain-
able, efficient, and easier to live in, smart cities are becoming essential 
to construction and infrastructure expansion. As the world becomes 
increasingly urbanized, the movement toward higher technology inte-
gration in all aspects of living is crucial. The truth is that smart cities 
don’t only affect those living within them, but everyone around the 
globe. With a big focus on livability, smart cities aim to benefit the 
three pillars of sustainability — people (social), planet (environment), 
and profit (economic) (see Figure 1). 

Within smart cities, mobile apps are used to give fast and accurate ac-
cess to traffic information, road conditions, circulation of pedestrians, 
and more. With the implementation of smart sensors and mobile apps, 
not only can public workers have access to information they can use 
to optimize traffic circulation and more, but citizens have access to 
information like open parking locations or wait times for restaurants. 
With this level of technology, cities are better able to manage resources 
with programs such as waste management that use sensors to notify the 
city sanitation department when it’s time to collect trash, or traffic light 
control that allows first responders to get where they need to be in a 
faster and safer manner. 

The biggest mover of smart cities is the massive amounts of data that 
can be collected with ease. This data is used to optimize everything 
from energy consumption, transportation, resource management, and 
more, and it all starts with construction. Technology is being utilized 
to create smart buildings that allow people to stay connected to build-
ings and surrounding environment through information technology. 
Things such as air conditioning, ventilation, heating, lighting, security, 
and more are controlled by automated processes using sensors, micro-
chips, and other devices. Data is collected and managed according to 
the building’s use and function. A lot of the technology necessary for 
operation of smart cities is implemented during the building process 
and can be unrecognizable to people it surrounds.

Technology in construction
The use of smart technology in construction is essential to ensuring 

Using smart technology 
to build smart cities

Mobile apps and sensors are improving construction efficiency 
and optimizing concrete mixes.

By Roxanne Pepin

Figure 1: Smart cities aim to benefit the 
three pillars of sustainability — people 
(social), planet (environment), and profit 
(economic)

http://www.bqe.com/core?utm_source=csengineermag&utm_medium=channelsponsorlogo_Jan2018
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Houston-based LJA Engineering, Inc. has been in business since 1972 
when John “Dutch” Lichliter founded The Lichliter Company. As the 
company grew, it became LJA Engineering and Surveying in 1997, and 
then evolved again in 2011 to become the present-day LJA Engineer-
ing, Inc. The employee-owned firm has scaled from 47 employees to 
more than 600, with multiple offices in Texas, Nebraska, and Florida. 
It is now a full-service firm that provides engineering, planning, and 
design services for private and government clients.

LJA Engineering manages more than 300 terabytes (TB) of data that it 

is required, by industry standard, to keep for a minimum of 10 years. 
The engineering firm needed a solution that would allow it to identify 
legacy data and transparently move it to a live archive on a daily basis. 
The firm’s data is growing at approximately 20 percent annually. Its 
network environment included several HP MSL 4048 tape libraries, 
but LJA was looking for a networked attached storage (NAS) product 
that would provide a live archive and incorporate easily into its exist-
ing infrastructure. 

A NAS device connected to a network allows storage and retrieval 
of data from a centralized location for authorized network users and 
heterogeneous clients. NAS devices are flexible and scale-out — as 
users need additional storage, they can add on to the existing system.

The firm also wanted visibility across its storage. Many storage ap-
plications and storage infrastructure only allow users to see the data 
located in a specific application (or type of hardware). The ability to 

Handling data floods
LJA Engineering archives legacy fileshare data 

using a joint Spectra Logic and Komprise solution.

safety, sustainability, and efficiency. It’s improving the way we do 
things in the construction industry from the office, to equipment and 
materials, and on the jobsite. From connected jobsites to BIM, technol-
ogy is enabling engineers and contractors to optimize project schedules 
and streamline the building process from start to finish. 

New apps are helping agencies and contractors keep data in order in 
the office by tracking everything from license bonds, to safety records, 
and inventory. Smart technology in the office is only the beginning. Al-
though they are still making their way into worldwide markets, autono-
mous trucks are becoming a thing of the present. Safer work zones are 
becoming a reality with driverless vehicle technology as autonomous 
attenuator trucks and impact protection vehicles are hitting the roads 
and removing danger from drivers and vehicle controllers. Soon we 
should start seeing the use of autonomous concrete trucks, bulldozers, 
excavators, and more on and off the jobsite. 

Smart concrete and sensors 
Concrete structures make up a large portion of physical infrastructure 
around the world and concrete continues to be a building material of 
choice for civil and structural engineers. Although aging and deteriora-
tion of concrete leads to loss of structural integrity, it is still one of the 
most sustainable and long-lasting building materials in the construc-
tion industry. As we develop smart cities and technology continues to 
evolve, engineers are developing new ways to monitor the structural 
state of concrete during the curing period, which ultimately helps in-
crease the lifespan and safety of concrete structures. 

Smart concrete is being developed using conductive or semi-conduc-
tive fillers, such as carbon fibers, steel slag, carbon black, or nanophase 
materials, which are added to cement-based materials and are able to 
provide higher strength and strain resistance than conventional con-
crete. Due to its conductivity, the use of smart concrete can aid in traffic 

monitoring, rebar corrosion monitoring, stress/strain or force/deforma-
tion monitoring of concrete components, and more.

Concrete producers are adopting smart concrete technology that allows 
them to have access to information necessary for optimizing concrete 
mixes. Sensors embedded within concrete at the time of placing are able 
to measure and relay information to smartphones and tablets through 
wireless technology. Being able to closely and accurately monitor 
temperature and strength of concrete during curing can help overcome 
potential drawbacks and monitor the overall health of concrete — a 
huge benefit to contractors and engineers. 

Data from the sensors is made immediately available to team members 
and project managers and ultimately helps reduce costs while increas-
ing efficiency and allowing remote team members and offices to gain 
complete visibility into jobsite data. Moreover, with the help of artifi-
cial intelligence and machine learning, the data collected from these 
sensors can in the long run help develop predictive analytics, which 
will further help improve construction projects and procedures and 
increase efficiency.

The idea of a smart city is to implement high technology and smart 
sensors within its infrastructure to support the society, the environment, 
and the economy. These cities provide citizens and public workers with 
information necessary for the improvement of infrastructure and liv-
ing every step of the way — starting with the building process. When 
pertaining to smart cities and construction, one the most important 
technologies is smart concrete sensors. As mentioned above, using 
smart sensors to monitor concrete health ultimately helps increase 
sustainability and infrastructure lifespan.

ROXANNE PEPIN is the digital marketing specialist with Giatec Scientific Inc. 
(www.giatec.ca). 



march 2018          csengineermag.com          25

have visibility across all storage provides a single pane of glass that 
allows users to manage all aspects of storage (primary storage, second-
ary storage, archive storage), and drastically reduces the amount of 
time and effort to manage data.

Additionally, LJA wanted an automated approach to continuously 
identify “cold data” and transparently move it by policy without 
changes to user and application access. Cold data, sometimes referred 
to as “historically critical data,” is the data that is not actively being 
accessed. Often, organizations are utilizing data to produce results, do 
analytics, prove a concept, provide video evidence, etc. As the data 
grows, the older data becomes cold data and is rarely accessed, said 
Brian Grainger, Spectra Logic CSO. When organizations move this 
data off of expensive primary storage to a lower-cost second tier of 
storage, it reduces the total cost of storage and frees up valuable space 
on their primary storage system.

The cost of cold data is often not only the cost of storing that data on 
expensive NAS storage, but also the cost of replication, backup, and 
data protection of that footprint, said Komprise President and COO 
Krishna Subramanian. Data management is 80 percent of the costs, 
and when a solution such as Komprise moves data to less expensive 
storage, it cuts not only the primary storage costs but also the costs of 
replication and backup.

The solution
LJA Engineering considered HPE, Tegile, and Equalogic offerings, but 
ultimately decided on a Spectra Verde NAS Solution in combination 
with Komprise software (see Figure 1). “We chose Spectra Logic’s 
Verde NAS solution for its industry reputation, price point, and in-
tegration with Komprise, which provided us with the visibility and 
policy-based automation we need to create an active archive,” said 
David Kimball, LJA Engineering’s IT manager. 

Active archive is a concept that has been crafted into a full-scale data 
management approach and is highlighted by the Active Archive Alli-
ance (www.activearchive.com), Grainger said. This concept is based 
on the idea that users have access to all of their data all the time. This 
is important, because users are able to move cold (or inactive) data to 
a lower-cost tier of storage without sacrificing the speed of access that 
users have with primary storage. There is usually a software layer that 
acts as the director of data to ensure that when users request data, they 
are returned the data that they need in the most efficient way. 

From traditional hierarchical storage management systems, to data-
mover software, active archives are designed to give superior access 
speed at an affordable price. Historically, this has been a difficult 
storage infrastructure to set up, and that was the reason for the Active 
Archive Alliance: to reduce the complexity and bring multiple vendors 
who specialize in this concept together into a single solution. Modern 
software packages such as Komprise are a perfect example of the soft-
ware layer needed to create and manage an active archive solution. 
Paired with Spectra’s affordable storage solution, this creates a never-
before-seen solution that provides affordable, fast, and responsive data 
storage for any organization, Grainger said.

LJA Engineering’s Verde NAS Solution holds 75, 8-TB disk drives and 
currently stores 250 TB of data. According to Spectra Logic, the Verde 
NAS Solution is intuitive, easy to use, and offers the lowest cost-per-
terabyte on the market — as low as 7.5 cents per gigabyte. Spectra 
Verde NAS Solution is the optimal disk platform for the storage of 
mid-tier data, including primary storage offload, data staging, backup, 
and archiving. 

Mid-tier data, another term to describe cold data, is the data that has 
been offloaded from the primary storage and moved to a lower-cost 
tier of storage. In the past, the storage pyramid had three to four tiers of 
storage with reduced cost as you went down the storage pyramid, but 
you also had a slower access time to get to the data, or less features on 
the secondary storage tier than primary storage, Grainger said.

A staging area, or landing zone, is an intermediate storage area used 
for data processing during the extract, transform, and load (ETL) pro-
cess. The data staging area sits between the data source(s) and the data 
target(s), which are often data warehouses, data marts, or other data 
repositories. Staging areas can be designed to provide many benefits, 
but the primary motivations for their use are to increase efficiency of 
ETL processes, ensure data integrity, and support data quality opera-
tions. The functions of the staging area include the following:
• consolidation,
• alignment,
• minimizing contention,
• independent scheduling, 
• change detection,
• cleansing data,
• aggregate precalculation, and
• data archiving.

Figure 1: LJA Engineering uses Spectra Verde network attached storage 
in combination with Komprise software.
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Information provided by Spectra Logic (www.spectralogic.com) and Komprise 
(www.komprise.com).    

The expandable Verde disk solution provides raw storage capacities 
from 48 TB to 7.1 petabytes. Designed for a variety of workloads, a 
single Verde NAS solution supports three disk drive types, including 
4-TB, 8-TB, and 12-TB enterprise drives; 8-TB archive drives; and 
high-performance SSD drives. 

Partnering with Spectra Logic, Komprise’s mission is to help busi-
nesses handle the incoming flood of data by providing automated 
software that adapts to the customer’s environment and scales across 
their storage silos on premise and cloud storage. The Komprise data-
aware management software empowers businesses to manage today’s 
massive scale of data growth while unlocking data value. 

Komprise analyzes data across network file systems (NFS) and server 
message block/common internet file system (SMB/CIFS) storage, and 
moves data transparently by policy across NFS, SMB/CIFS, and REST/
S3 storage (also known as object or object-based storage). The modern 
scale-out architecture required no agents, no dedicated hardware or 
storage, no complex setup or proprietary integrations, delivers native 
access to data in the cloud, and is delivered as a hybrid cloud service.

NFS is a client/server application that lets a computer user view, and 
optionally store and update, files on a remote computer as though they 
were on the user’s own computer. The NFS protocol is one of several 
distributed file system standards for NAS. NFS is widely distributed to 
host VMWare data-stores or share network folders in a Linux/UNIX 
environment.

SMB/CIFS storage is the standard way that computer users share files 
across corporate intranets and the internet. An enhanced version of the 
Microsoft open, cross-platform SMB protocol, CIFS is a native file-
sharing protocol in Windows 2000.

REST/S3 (object) storage is a computer data storage architecture that 
manages data as objects, as opposed to other storage architectures, 
such as file systems, which manage data as a file hierarchy; and block 
storage, which manages data as blocks within sectors and tracks. Each 
object typically includes the data itself, a variable amount of metadata, 
and a globally unique identifier. 

Object storage can be implemented at multiple levels, including the 
device level (object storage device), the system level, and the interface 
level. In each case, object storage seeks to enable capabilities not ad-
dressed by other storage architectures, such as interfaces that can be 
directly programmable by the application, a namespace that can span 
multiple instances of physical hardware, and data management func-
tions, like data replication and data distribution, at object-level granu-
larity. Object-storage systems allow retention of massive amounts of 
unstructured data. Object storage is used for purposes such as storing 
photos on Facebook, songs on Spotify, or files in online collaboration 
services such as Dropbox.

LJA Engineering can now manage projects, user data, and files in a 
dual disk and tape network environment. The Verde NAS Solution, 
located in the firm’s Houston office, doubles as an ideal archive reposi-
tory and a backup target with room to grow as data sets increase over 

time. Data is identified by Komprise and automatically archived to the 
Verde NAS Solution from various storage systems, including Windows 
and Linux file servers. 

All of LJA’s offices are on a single network that allows the data that 
is housed in one office to be accessed by any of the other offices. This 
is true for data that is stored on primary storage or in the other tiers of 
storage, like the Spectra Verde product, for example. Each office has a 
Komprise Observer virtual machine (VM) loaded onto it that analyzes 
the data across storage that is located in their facility, and moves inac-
tive data by policy to the Spectra Verde. Regardless of the location (in 
the same building or in another office), the data is sent over the network 
to the Verde, where the data is stored. 

With Komprise, the user experience remains unchanged, Subramanian 
said. Any user, accessing any file in any location, can simply click and 
open the file they need. The data is then pulled from either the primary 
storage, if that is where the data lives, or the Spectra Verde, if it has 
been moved to a lower-cost tier of storage.  

Komprise provides a single view of the organization’s data across its 
storage platform and makes it simple to reduce storage costs without 
impacting users. Primary storage offers high performance, but it is also 
expensive. And data stored on primary storage is often also replicated 
on primary storage, and protected via backup software and storage — 
so every terabyte of data stored is actually 3 to 5 terabytes, once man-
aged, Subramanian said. More than 80 percent of this data is typically 
cold and not used within weeks of creation, and managing cold data on 
primary storage is expensive. 

With Komprise, organizations can easily locate the cold and inactive 
data and move it to the lower-cost tier of storage. This is the primary 
cost reduction for users, and by moving this inactive data out of the 
actively managed footprint, Komprise also eliminates the need to repli-
cate and backup this footprint on expensive primary storage. Komprise, 
along with cost-efficient secondary storage such as Spectra Verde and 
BlackPearl products, eliminate more than 70 percent of storage costs, 
according to Subramanian. 

One other major benefit of the solution is that user experience is com-
pletely unchanged; no additional training is required, no change in 
process, no interruption to the work being done. This is unusual for a 
storage solution to not only save money, but leave the current workflow 
and user experience unchanged, Subramanian said.

“Together, the Spectra Logic and Komprise solution enables us to man-
age data growth efficiently,” Kimball said.
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Two Scottish universities are using WhatsApp to help predict deadly 
landslides in Colombia by training a local community to monitor how 
their hillside is shifting over time. The team, which includes colleagues 
from Heriot-Watt University, the University of Edinburgh, and the Na-
tional University of Colombia, is working with the community of an 
informal settlement in Medellin City, which is perched at the top of a 
high slope.

The multi-skilled team, which includes planners, engineers, geologists, 
and architects, have been teaching the local residents how to monitor 
water ingress, engineer emergency draining solutions, and identify early 

warning signs of a landslide, an event which could devastate their com-
munity and similar neighborhoods along the hillside.

The Heriot-Watt team is led by Dr. Harry Smith, director of the Centre 
for Environment & Human Settlements. “Colombia is a country with 
a serious landslide problem,” he said. “Casualty numbers are high and 
growing. There are approximately 44,000 households living in informal 
settlements in the Medellin Metropolitan Area which are at risk, many of 
which have no proper foundations.

“Working with our Colombian colleagues, we identified an area that 
was at huge risk and have formed an ongoing partnership with the local 
community. We installed a monitoring system and trained a community 
group to collect data and photographs, which they sent us regularly on 
WhatsApp.”

Dr Gabriela Medero, an associate professor in Geotechnical and 
Geoenvironmental Engineering at Heriot-Watt University, said, “We 

A team of planners, engineers, geologists, and architects have been teaching the local residents in Medellin City, Columbia, how to monitor water 
ingress, engineer emergency draining solutions, and identify early warning signs of a landslide, which could devastate their community.

Monitoring movement
Two Scottish universities use WhatsApp 

to predict deadly landslides in Columbia.

sOFTWARE + TECHNOLOGY
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trained them to use a combination of civil and geotechnical engineering 
methodologies so they know what they are looking for and where they 
should be monitoring. They are taking regular photographs at set points 
from carefully mapped angles during and after periods of rain. Using 
Whatsapp is important as it records the time and date automatically and 
is a platform which is globally accessible. These photographs allow us 
to see relative movements and early signs of differential movements as 
well as highlighting where water enters and exits the slopes, the volumes 
of runoff, and the impact of paved and unpaved areas.

“Just a few hundred meters from where we’ve been working, there were 
more than 500 deaths due to a tragic landslide back in 1987; and in April 
[2017], 17 people lost their lives in a landslide in the nearby city of 
Manizales,” Medero said. “Despite this, when we started, people in this 
area were more afraid of losing their home than they were of a landslide. 
They feared eviction from the city council if they spoke up about the 
risks. Some of our work has been about addressing these perceptions, 
proving that communities can monitor the situation for themselves, and 
finding ways to mitigate the problems they face, including developing 
water collection methods and emergency draining solutions.

“We’ve also been facilitating meetings between the local council and 
the community to enable them to work together to create longer term 
major drainage works as well as finding resolutions to the planning is-
sues that affect informal settlements that fall outwith the boundaries of 
city authorities. We believe this model of monitoring, engineering, and 
community involvement has the potential to work globally. It allows 
communities, local councils, and ultimately, countries to take appropri-
ate action without creating panic.”

Dr Soledad Garcia Ferrari, senior lecturer in Architectural Design from 
the University of Edinburgh, said, “Based on the monitoring strategies 

implemented, our aim was to manage rainwater, a major triggering factor 
for landslides, with affordable mitigation strategies which were able to 
help the community understand how they could reduce the risk of small 
landslides within the settlement.  

"Three levels of water management networks were identified to imple-
ment mitigation measures which reflected different levels of responsibil-
ity, from households to local authority. Our aim is for the community to 
learn and share learning of the causes of landslides through monitoring 
the territory and for communities to continue to take ownership when 
implementing measures directed at mitigating landslide risk” 

The initial project is being funded by the Global Challenges Research 
Fund through the Natural Environment Research Council, with ad-
ditional funding now secured through the Global Challenges Research 
Fund (the British Academy’s Cities & Infrastructure Program) to roll out 
the model to two more communities in Medellin City in 2018. The new 
project will also expand the coverage by applying the developed model 
to a favela in São Paulo, Brazil, alongside academics from the University 
of São Paulo.

Professor John Underhill, chief scientist for Heriot-Watt University, said, 
“As a global university with five campuses across three continents, we 
are focused on addressing global problems. The Medellin City project 
is an exemplar where transformational solutions can assist specific 
communities and have the potential to be applied across the world. We 
welcome and are actively seeking collaboration with other universities, 
industry, and governments to achieve this goal.”

Information provided by Heriot-Watt University (www.hw.ac.uk).  
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Oregon rightfully earned its place as one of the greenest regions in the 
world years ago. A leader in architectural innovation and sustainability, 
Portland has the second highest number of LEED-accredited buildings 
in the United States and is recognized for its mix of groundbreaking and 
influential modern design and sustainable, eco-friendly architecture.

Perhaps most of all, Portland and its neighboring cities are known 
more recently for their use of mass timber as an alternative to steel 
and concrete. Known for its lighter environmental footprint and as an 
environmentally responsible building material, mass timber sequesters 
carbon dioxide from the atmosphere by storing carbon in the structure 

during the entire life of the building. It also promotes sustainable forest 
management practices.

The headquarters of the non-profit First Tech Federal Credit Union in 
Hillsboro is the latest groundbreaking project to join Oregon’s archi-
tecturally renowned landscape. Weeks ago, the final cross-laminated 
timber (CLT) panel was placed, completing the building’s structure 
and marking a significant milestone in mass timber architecture. At 
156,000 square feet, the First Tech headquarters will be the largest CLT 
structure in the country, adding to a growing list of commercial build-
ings in Oregon to join the mass timber movement of recent years. 

The decision to build such a large structure out of timber was born out 
of First Tech’s “people first” ethic. When doors open this summer, the 
building will support and promote the health, happiness, and comfort 
of the employees located there. 

The research
Swinerton Builders were brought onto the First Tech project by 

Mass timber milestone
Oregon’s First Tech Federal Credit Union headquarters becomes the 

country’s largest cross-laminated timber structure.
By Erica Spiritos and William P. Silva

STRUCTURES + BUILDINGS

Cross-laminated timber panels simplified the edge details of the building, were incorporated as the structural diaphragm of the 
building for earthquake stability, and provided a lighter overall structural system. Photo: E. Van Rossen for Swinerton
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Portland-based architect, HACKER, who saw mass timber as a crucial 
part of the overall development strategy for the First Tech project. Em-
phasizing energy efficiency, indoor air quality, equal access to natural 
light, and the value of connecting people with nature, HACKER recog-
nized the benefits of the building material from the beginning.  

However, HACKER needed to optimize ways to integrate mass tim-
ber as the structural solution for this particular structure. To better 
understand how to leverage the value and strength of mass timber in 
this project, Swinerton committed to researching alternative structur-
al scenarios that compared structural steel and nail-laminated timber 
(NLT) to CLT. Swinerton and HACKER were able to recommend 
CLT to the client for this project by unlocking several strengths of 
the CLT panels. 

Running in both directions, Structurlam’s CrossLam CLT panels 
simplified the edge details of the building, were incorporated as the 
structural diaphragm of the building for earthquake stability, and pro-
vided a lighter overall structural system, obviating the need for costly 

ground improvements or deep foundations. Because of the precision 
with which the CLT panels can be fabricated, virtual design and con-
struction could be leveraged to produce more than 4,500 mechanical/
electrical/plumbing (MEP) penetrations in the factory, reducing field 
time for follow-on trades. 

After an in-depth research period, Swinerton’s core team took a trip 
to Canada, where more CLT projects had been completed. Their pur-
pose was to gain a better understanding of constructability aspects and 
considerations for CLT and its installation. Swinerton focused its visit 
to Kelowna, Penticton, and Okanagan Falls on not only Structurlam’s 
facilities and detailing group, but also by visiting construction sites and 
meeting with general contractors familiar with CLT installation.

The design
Following the research period, the Swinerton team partnered with 
Structurlam Products to harness the benefits of a glulam and CLT 
structure through a holistic approach to design and construction. 
Structurlam provided the design of concealed glulam connections and 

At 156,000 square feet, the First Tech Federal Credit Union headquarters will be the largest 
cross-laminated timber structure in the country. Photo: E. Van Rossen for Swinerton
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CLT horizontal diaphragms, as well as a fully fabricated mass timber 
package for the First Tech project.
 
With the First Tech project, Swinerton Builders identified and capi-
talized on the ripple effects of optimizing the building’s structure. 
Swinerton employed CrossLam CLT not only as a structural solution, 
but also as a path toward simplifying other building systems, such as 
the foundation and envelope. Through pre-planning and coordination, 
Structurlam implemented a shift toward a more “systems-oriented” 
construction process.

Swinerton managed and coordinated project partners through a fully 
integrated, virtual design and construction BIM model, which included 
the timber structure, the steel lateral systems, and the MEP services. 
At the Structurlam facility, glulam and CrossLam CLT were prefabri-
cated for First Tech by CNC machines based on a fabrication-level 3D 
model. Like Lincoln Logs or Legos, the materials are pre-constructed 
to an exact fit, giving way for smarter utilization during the construc-
tion period.

The installation
Upon completion of the design, 3D modeling, and shop drawings, the 
first glulam columns were delivered and installed on July 27. In total, 
626+ CrossLam panels and 988+ glulam columns and beams were 

delivered in 64 truckloads. On Nov. 16, the final CrossLam panel was 
installed, completing the timber and steel frame of a 156,000-square-
foot structure in 15 weeks. How did we manage to construct such a 
large structure in just 15 weeks? Through self-performing the construc-
tion process and using optimizable materials. 

CrossLam CLT is manufactured to span in two directions, with strength 
in both major and minor axis directions. By optimizing the frame to be 
as efficient and light as possible, this allows us to cut down on heavier 
transport and installation time and costs. Detailed preconstruction 
planning also helped to ensure that the installation of CrossLam CLT 
was easy and efficient, simplifying the foundation system and making 
ground improvements in the foundation unnecessary. 

A milestone project, First Tech Federal Credit Union is a shining ex-
ample of the possibilities of building with mass timber and the associ-
ated benefits. In a time when eco-friendly buildings are not a luxury but 
a necessity, mass timber structures have drawn the world’s attention for 
their strength, light environmental footprint, and cutting-edge prefab-
rication technology.

ERICA SPIRITOS, is a mass timber specialist with Structurlam                     
(www.structurlam.com), and WILLIAM P. SILVA is preconstruction manager with 
Swinerton (www.swinerton.com).  

Swinerton Builders employed CrossLam CLT not only as a structural solution, but 
also as a path toward simplifying other building systems, such as the foundation and 
envelope. Photo: E. Van Rossen for Swinerton

In total, more than 626 CrossLam panels and 988 glulam columns and beams were 
delivered in 64 truckloads. Photo: E. Van Rossen for Swinerton
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When it comes to modernizing building codes and standards, ensuring 
the buildings in which we live and work are safe is a top priority for 
the American Wood Council (AWC). AWC experts work to achieve 
this through ongoing research and development of design standards 
and guidelines that demonstrate how wood products can safely and ef-
ficiently meet or exceed U.S. requirements.

With technological advances and material innovations regularly affect-
ing the use of wood products, AWC is committed to ensuring these 
changes are accurately reflected in the codes and properly implemented 
by industry professionals. Now that the International Code Council’s 
2018 International Building Code (IBC) is available for enforcement, 
AWC has updated its National Design Specification (NDS) for Wood 
Construction (http://awc.org/codes-standards/publications/nds-2018) 
accordingly. 

The 2018 NDS was developed by AWC’s Wood Design Standards 
Committee and is referenced for wood design in the 2018 IBC. It has 
been approved as an American National Standard by the American 
National Standards Institute (ANSI). Significant additions to the 2018 
NDS include new Roof Sheathing Ring Shank nails and fastener head 
pull-through design provisions to address increased wind loads in 
ASCE 7-16 Minimum Design Loads and Associated Criteria for Build-
ings and Other Structures.

More specifically, changes in the 2018 NDS include:
• allowance for incising factors for specific incising patterns and lumber 

sizes when obtained from the company providing the incising;
• inclusion of a volume factor for structural composite lumber tension 

parallel to grain values;
• inclusion of effective shear stiffness for cross-laminated timber;
• added equation for withdrawal design values for smooth shank stainless 

steel nails;
• new provisions for Roof Sheathing Ring Shank (RSRS) nails in accor-

dance with ASTM F 1667;
• new design provisions for fastener head pull-through of fasteners with 

round heads;
• revision to method for calculation of lateral design values for threaded 

nails to be based on use of shank diameter instead of root diameter in 
accordance with changes in ASTM F 1575;

• revised timber rivet design value tables to limit maximum distance per-
pendicular to grain between outermost rows of fasteners; and

• revised terminology for Fire Design of Wood Members to clarify the 
difference between “char depth” and “effective char depth” used in 
structural calculations. Provisions for connections is also revised to 
more precisely describe the requirements for protection of the connec-
tion from fire exposure.

structures + buiLdings

What the 2018 IBC means for 
wood construction: Part I
American Wood Council updates its 2018 National Design Specification.
By Brad Douglas, P.E.

Following availability of the International Code Council’s 2018 International Building Code, the American Wood 
Council updated its National Design Specification (NDS) for Wood Construction
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Structural composite lumber
NDS Chapter 8 on structural composite lumber (SCL) was revised to 
include a volume factor, Cv, for tension parallel to grain design values, 
Ft. A change was also made to clarify that dry service conditions are as-
sociated with conditions in which the moisture content of sawn lumber 
is less than 16 percent, as in most covered structures. These changes 
correlate with ASTM D 5456 Standard Specification for Evaluation of 
Structural Composite Lumber Products.

Cross-laminated timber
Revisions were made to cross-laminated timber (CLT) deflection 
provisions to include the term GAeff (effective shear stiffness of the 
CLT section). This change correlates with ANSI/APA PRG 320-2017 
Standard for Performance-Rated Cross-Laminated Timber — to facili-
tate the calculation of apparent bending stiffness (EI)app consistent with 
properties as provided in PRG 320 (see Equation 10.4-1). 

Fire Design of Wood Members
NDS Chapter 16 on Fire Design of Wood Members was revised to 
provide separate calculations of char depth based on nominal char rates 
for wood, achar, and effective char depth for use in structural calcula-
tions, aeff. Increased use of wood as a fire protective covering has made 
it important to provide provisions for calculation of the expected achar 
separate from aeff. Previous versions of the NDS have only provided aeff, 
which is increased 20 percent over achar to account for loss of strength 
and stiffness due to elevated temperatures in uncharred wood near the 
char front.

Fastener Design
Revision of NDS connection design provisions were primarily in re-
sponse to significant increases in Components and Cladding (C&C) 

roof wind pressures in ASCE 7-16 Minimum Design Loads and As-
sociated Criteria for Buildings and Other Structures. Primary changes 
include:

• Added equation for stainless steel nail withdrawal strength: Stain-
less steel nails have lower withdrawal strength compared to carbon 
steel wire nails of the same diameter due to the reduced surface friction 
of stainless steel. The differences in withdrawal strength vary with the 
specific gravity of wood. When stainless steel nails are specified as 
an alternative to reference smooth shank carbon steel wire (bright or 
galvanized) nails in wood construction, including shear walls and dia-
phragms, these differences in withdrawal strength must be considered. 
For example, where smooth shank stainless steel nails are used for 
roof sheathing attachment, more nails, or nails of greater strength or 
diameter, may be required to provide equivalent withdrawal strength 
performance for wind uplift. 

• Added design provisions for RSRS nails: RSRS nails, which have 
higher withdrawal design values than smooth shank nails, were recent-
ly added to ASTM F 1667 Standard Specification for Driven Fasteners: 
Nails, Spikes, and Staples. RSRS nails provide additional options for 
efficient attachment of wood structural panel sheathing. In many cases, 
specification of RSRS nails will produce a reduced roof sheathing at-
tachment schedule than permissible by use of smooth shank nails, and 
enable the use of a single minimum fastener schedule for roof perim-
eter edge zones and interior zones (see Figure 1).

• Added new fastener head pull-through provisions: Analysis of 
fastener head pull-through data, used to set industry recommendations 
for wood structural panels, combined with historical data from tests of 
lumber and plywood, was analyzed to develop new fastener head pull-

Figure 1: Withdrawal strength for smooth shank nailsEquation 10.4-1: Calculation of apparent bending stiffness
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through provisions. Within the range of head diameters, thicknesses, 
and specific gravities in the NDS, the analysis found that head pull-
through is related to the perimeter of the fastener head. For the design 
of roof sheathing fastening to resist wind uplift, the addition of head 
pull-through allows the controlling roof sheathing fastener spacing to 
be calculated from the lesser of the head pull-through design value or 
the fastener withdrawal design value from wood in accordance with 
the NDS. Previously, such design required use of a combination of 
design documents, including minimum prescribed spacing criteria for 
wood panels (see Table 12.2F).

• Revised provisions for specifying diameter for threaded nails: A 
change in ASTM F 1575 Standard Test Method for Determining Bend-
ing Yield Moment of Nails clarifies that nail bending yield strength, 
Fyb, is based on the nominal diameter, D, not on the root diameter, Dr. 
This change allows simplification of the calculation of nail moment 
resistance in the NDS yield equations for nails specified in F 1667 
because D is provided for all nail types, but Dr is not always provided 
for deformed shank nails. As a result, the revised NDS provisions al-
low the use of D for deformed shank nails per F 1667 when calculating 
lateral design values in accordance with the yield limit equations.

NDS Supplement
It is also worth noting that NDS Supplement design values remain 
unchanged with only a few exceptions. New and revised grades of 
machine stress-rated lumber and machine evaluated lumber have been 
added. Redwood grades requiring “close grain” were removed due to 
general lack of availability for commercial use. Other revisions include 
the addition of Norway Spruce from Norway to foreign species di-
mension lumber, and the addition of shear-free moduli of elasticity for 
structural glued laminated softwood timber (glulam). 

Conclusion
To make this code-referenced standard as user friendly as possible, 
AWC will also be developing supporting publications such as an NDS 
Commentary, revising technical reports and design aids, and conduct-
ing further research to ensure continued widespread acceptance of 
wood in construction.

The 2018 NDS and 2018 NDS Supplement: Design Values for Wood 
Construction are currently available online as free electronic down-
loads in PDF format (www.awc.org/codes-standards/publications/nds-
2018). The NDS Commentary and other support documents will be 
available in the coming weeks as part of AWC’s “2018 Wood Design 
Package.” At that time, print versions of the 2018 NDS with Com-
mentary and 2018 NDS Supplement, as well as printable PDFs, will be 
available for purchase.

In the meantime, AWC thanks the volunteers on our Wood Design 
Standards Committee for their work on this important publication. The 
2018 NDS represents the state-of-the-art for design of wood members 
and connections.

BRAD DOUGLAS, P.E., is vice president of engineering at the American Wood 
Council (AWC; www.awc.org), which represents the interests of the North 
American wood products industry. On behalf of the industry it represents, 
AWC is committed to ensuring a resilient, safe, and sustainable built environ-
ment. To achieve these objectives, AWC contributes to the development of 
sound public policies, codes, and regulations that allow for the appropriate 
and responsible manufacture and use of wood products.  

Table 12.2F: Head pull-through design values

www.awc.org/codes-standards/publications/nds-2018
www.awc.org/codes-standards/publications/nds-2018
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If you work in water transmission systems, it is almost inevitable that 
at some point you will be designing or planning a system shutdown. 
This can be to establish a new system interconnection, conduct condi-
tion assessment on a pipeline, or rehabilitate a portion of the system. 
These are the points in the project that we intentionally put customers 
out of service temporarily in order to maintain or improve the system. 
Shutdowns are, without a doubt, necessary for maintenance, operation, 
and growth, but they also are the times when planning and process are 
most important.

Any failed or prolonged shutdown can result in service interruption to 
customers, loss of revenue to the owner, additional construction costs, 
negative customer impacts, and public relations nightmares. Accord-
ingly, what can we, as professionals, design engineers, contractors, and 
owners, do to mitigate some of these risks?

Design approach 
Prior to reviewing some best practices to improve shutdown planning, 
it is important to understand the two major approaches to shutdown 
design:

• a performance-driven, contractor-led construction solution; and, 
• a technically driven, engineer-led design solution.

Both approaches require design and planning and both have their place 
in the industry. 

Contractor-driven solutions — Small-diameter connections or 
non-critical utilities may successfully rely upon a performance-based 
design that gives the contractor freedom in both when and how work 
is executed. This approach minimizes design schedule and cost, with 
the engineer providing notes, callouts, and performance criteria while 
developing a clear line of accountability in construction. Little infor-
mation is given to the contractor other than performance expectations, 
and he/she is expected to make ends meet in the field. As an example, 
a 6-inch interconnection in an undeveloped area of town is considered 
as a good example of a contractor-driven approach.

The drawback of such an approach is increased construction risk. This 
relies heavily on a contractor’s ability, as he/she is expected to coordi-
nate connection requirements and design with pipe manufacturers and 
suppliers. This can result in increased construction cost or confusion in 
bidding, with each bidder potentially planning execution of work dif-
ferently and each having different capabilities. Accordingly, as a proj-
ect and requirements grow in complexity, the level of detail in design 
and direction grows as well, ultimately leading to a fully engineered 
solution.

Engineer-driven solutions — As one would expect, the cons of a con-
tractor-driven solution appear as pros for the engineered alternative. As 
the engineer develops detailed design documents and provides specific 
directions, greater clarity is provided for potential bidders. Thus, with 

Putting water transmission systems out of service temporarily 
requires planning and process to mitigate risks.

By Justin Reeves, P.E.

Best practices during 
pipeline shutdowns

The importance of thorough shutdown planning and design is clear. For large water transmission systems, once 
you break into a pipeline serving customers, the window can be very short to get it up again.
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a proper and complete design, construction risk and cost can be 
reduced. This approach also provides the greatest level of owner 
control, assuming an active role is taken in the design process to 
evaluate the solution, sequencing, direction, and documentation.

Obvious cons for such an approach are increased design costs 
and prolonged design schedule; however, construction account-
ability can also prove difficult. Regardless of effort expended 
during design, there will always remain some unknowns when 
working on or connecting to existing underground utilities. 
The more detail provided in design documents, the more op-
portunity for finger-pointing and fault finding if anything is not 
as presented. This may not be pleasant to discuss, but it is an 
inevitable truth in utility work and must be kept in mind when 
approaching a shutdown plan from this angle.

Take the right steps
Because each of these solutions have their place in the industry 
and because each alternative presents notable and distinct chal-
lenges, it is important that a team work together throughout the 
life of a project to plan for the shutdown. The following outlines 
some best practices that are most appropriate for an engineered 
solution but will benefit any shutdown. While these practices 
don’t guarantee success, following them will certainly improve 
the likelihood of success. 

The best practices include: 
• conduct properly structured meetings, 
• execute a shutdown checklist, 
• staff the job with a properly trained inspector, and 
• keep the design engineer on call during construction.

Meetings
Meeting is a word that can instill dread in the most hopeful en-
gineer, contractor, or owner. However, when planning a water 
transmission pipeline shutdown, several meetings are critical 
to success. A minimum of four meetings is recommended for 
any shutdown of a major system. These should not get lumped 
into progress meetings but should rather be stand-alone, specific 
meetings, with the purpose of each as follows:

• Conceptual shutdown criteria meeting — This is proposed 
for conceptual (roughly 30 percent) design phase and is usu-
ally several months before any actual shutdown will occur. The 
purpose is to get all stakeholders in a room together to review 
the system, identify design criteria, review system functionality, 
and so on. It is critical that the owner have engineering/design, 
operations, maintenance, and inspection personnel at this meet-
ing, as it is vital that each stakeholder see and hear the same 
thing from the outset of this work.

• Detailed design review meeting — This generally occurs 
around 70 to 90 percent design. It should be completed only 
after the full shutdown approach is sufficiently documented in 
plans and specifications but should allow sufficient time for the 
engineer to make adjustments if needed before bidding. The 

Engineered solutions, up to fully detailing and specifying materials, connections, 
equipment, timing, and construction sequence become more appropriate, if not 

required, with certain pipeline diameters, pipe materials, and project locations. Large-
diameter line stops, urban locations, valve connections, and fittings associated with 

shutdowns and tie-in require engineer-driven solutions.
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purpose here is for all to see, understand, and accept the proposed 
shutdown design and sequencing.

• Pre-shutdown meeting — This is generally held about two to four 
weeks before the proposed shutdown. This will be the first meeting 
the contractor is incorporated into the discussion (assuming design-
bid-build procurement), and he/she should actually lead this meeting. 
The purpose is for the engineer and owner (operations, maintenance, 
and inspection at minimum) to hear the contractor’s specific plan 
and to ensure it aligns with design criteria and intent. The contractor 
should bring detailed plans for the approach including a schedule and 
sequence, materials list, identification of responsibilities, and specialty 
personnel needed.

For example, for a 36-inch-diameter pipeline shutdown that had to 
be completed in less than 72 hours to replace existing bar-wrapped 
concrete cylinder pipe, a final shutdown meeting and field walkthrough 
was not conducted with the contractor. Despite several discussions 
about connection alternatives and general team buy-in of the approach, 
no one understood that part of the contractor’s proposal was to replace 
less pipe than designed to connect at an existing joint, once found in 
the field. The result was confusion during construction and a contrac-
tor installing 26 feet rather than 68 feet of new steel pipeline, chang-
ing thrust restraint mechanisms and requiring an emergency design 
response. This likely would have been avoided with a pre-shutdown 
walk through onsite.

• Final preparation meeting — A final meeting should be held a day or 
two (at most) before the shutdown is to take place. Ideally, this should 
be held on location and jointly led by the contractor and inspector, as 
these two stakeholders need to be working in harmony. This provides 
the owner and engineer an opportunity to put eyes on the site, identify 
conflicts, and walk through the sequence. Without a doubt, things will 
be seen here that have been overlooked or left undiscussed in previous 

meetings. Further, this gives all parties a final “go/no-go” approval, 
which should be documented as part of a final checklist.

Checklist
To be clear, no checklist can cover every situation on any potential 
project. However, that is not really the intent of checklists. The pur-
pose of such an exercise is to ensure that while focusing on the highly 
technical and unique project elements, you don’t overlook the small, 
standard, day-to-day stuff.

Ideally, every owner develops their own shutdown checklist so that it 
can be specifically developed around your operation. Only then can 
it truly match your nomenclature, operating procedure, and organiza-
tion structure. However, the lack of a client-developed checklist is no 
excuse to skip the exercise.

In shutdown planning, a checklist should be required before final “go” 
approval but should be started at the first meeting (conceptual design) 
and updated at each subsequent meeting until completion just before 
work commences. The final document should be maintained in project 
files, kept onsite during work, and include sign-offs from all project 
stakeholders.

Inspection 
The first two practices identified above (meetings and checklists) are 
primarily planning activities — that is, work before the shutdown ac-
tually takes place. Having the proper inspection personnel onsite and 
ensuring the design engineer is on-call and readily available during the 
shutdown are, conversely, construction tasks. 

It is vital that inspection personnel be involved during the design pro-
cess for any large pipeline shutdown. It is also critical that the inspector 
hear directly from the engineer what the design intent is, what critical 
elements must be monitored, and what can negatively impact the sys-

For a recent 42-inch-diameter pipeline shutdown, the contractor provided steel pipe to match the outside diameter of the existing prestressed concrete cylinder pipe that was 
to be connected to. Only because the engineer was on call through the work was the team able to gather onsite, coordinate material requirements with suppliers, schedule 

emergency welding, and design a modified concentric reducer in the field — all in less than three hours. The quick response allowed the owner to bring the system back online on 
schedule and without service interruption, despite the initial scare.
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tem if not properly addressed. No amount of planning can compensate 
for poor or uninformed decisions in the field. Understanding existing 
pipe material, proposed pipe material, how the two are designed to in-
teract, how connections are to be made, and how thrust is to be handled 
are some of the key elements that must be understood by the inspector. 

Always have a senior inspector (someone with experience through 
several critical system shutdowns) onsite before a pipeline is cut. If the 
majority of a broader project is overseen by an inspector without this 
experience, ensure that a senior inspector can support him or her with 
oversight on the shutdown. This provides a valuable training opportu-
nity while giving all parties greater peace of mind in the work planned.

Engineer on call
This is quite possibly the most important of all the best practices given 
here for any engineer-led solution. Our industry defines construction 
support from a design engineer in many ways. The effort required to 
support an owner through construction can vary from simply being 
available if/when called to providing a resident project engineer on-
site full time. The spectrum is broad and changes with the owner and 
project complexity. Regardless of the general construction services 
philosophy of an owner, a system shutdown should be a time when the 
design engineer must be available.

Every engineered tie-in and shutdown is unique, and regardless of 
details provided and meetings held, no one knows the design intent 
like the engineer. No one is better equipped to understand how a sur-
prise in the field will affect the original design like the engineer. A 
qualified contractor can and will develop solutions if needed to address 
unknowns. A qualified inspector can evaluate those solutions from past 

experience and give good feedback on their feasibility and compli-
ance with owner standards. But the engineer bears the responsibility 
to provide a safe and functional design and, as such, must be aware of, 
evaluate, and ultimately sign off on any modification.

During the final shutdown meeting and as part of final “go” approval, 
it is recommended that the engineer remain available for any team 
member to contact him or her at any time (24/7) during the work. Once 
a pipeline is broken into and customers are without water, immediate 
response is required and availability should be guaranteed to address 
field issues.

Conclusion
What will your next water transmission system shutdown look like? 
Will it involve differing pipe materials, an urban construction environ-
ment, a limited construction window, or complex connection designs? 
The above best practices provide a few tools to add to your toolbox to 
help ensure success, regardless of the project elements.

Every shutdown is unique, every project site has a new challenge, and 
every project has a new surprise. With effective meetings, a thorough 
checklist, and a qualified team available during construction, the fear, 
anxiety, and nervousness that surrounds a system shutdown can be 
lessened.

JUSTIN REEVES, P.E., is an associate and team leader at Lockwood, Andrews & 
Newnam, Inc. (LAN; www.lan-inc.com), a national planning, engineering, and 
program management firm. He has nearly 15 years of experience designing 
water and wastewater pipelines. He can be reached at jreeves@lan-inc.com.

After more than six years of struggling, the residents of Selbyville, 
Del., are finally enjoying what many of us take for granted — clean 
drinking water. In 2009, the town’s drinking water supply tested posi-
tive for Methyl Tertiary Butyl Ether (MTBE), a common fuel additive 
used prior to 2005 to reduce smog. To combat the problem, two new 
wells were installed, but one of those immediately tested positive for 
MTBE. The presence of this contaminant in drinking water is not well 
studied, but data supports the conclusion that MTBE in high doses is a 
potential human carcinogen. Eventually, six of the town’s seven wells 
were impacted.

Unsure of the contaminant source, Selbyville officials began search-
ing for a new solution. With assistance from Davis, Bowen & Friedel, 

Drinking water dilemma
DBF provides full-service surveying, architectural, and engineering 

services for a Delaware town’s water treatment facility upgrade.

A supplementary system consists of two 30-foot-tall aeration 
towers where water flows downward while air flows upward. Volatile 

contaminants such as MTBE evaporate when they touch the air and, as a 
result, are removed from the water.
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Inc. (DBF), an upgrade to the existing water system was designed with 
many factors in mind: 
• continued use of the existing water treatment facility during construc-

tion, 
• elimination of contaminants, 
• efficiency, 
• architectural aesthetics, and 
• project funding.

Initial funding for the upgrade came in the form of a low-interest loan 
from the Drinking Water State Revolving Fund (DWSRF). However, 
because the new system was able to surpass the required goals, the 
$2.75 million loan would not have to be repaid. Additional grants 
came from the U.S. Department of Agriculture’s Rural Development 
Program and Delaware’s Department of Natural Resources and Envi-
ronmental Control.

Serving as an integral part in improving water quality for the residents 
of the Town of Selbyville, DBF provided full-service surveying, archi-
tectural, and engineering services for the water treatment facility up-
grade. The supplementary system consists of two 30-foot-tall aeration 
towers where water flows downward while air flows upward. Volatile 
contaminants such as MTBE evaporate when they touch the air and, 
as a result, are removed from the water. Upon construction comple-
tion, the valve to the new water system was opened and the treatment 
process was successfully placed online.

“Our architectural and engineering team worked seamlessly through-
out the project,” said DBF Principal Jason Loar, P.E. “When our engi-
neering team sized the aerators to 30 feet tall, the building’s aesthetics 
became a challenge. DBF’s architecture team was able to take the 
building requirements and transform it into a unique building design 
inspired by the Eastern Shore’s historic grain barns.”

The firm’s design team also addressed architectural challenges to bal-
ance the aesthetics of installing the new facility in the center of the 
town’s historic district. Working with the State Historic Preservation 
Office to ensure compliance with regulations, DBF’s design team also 
received input from the town council following its review of color 
renderings for the building options.

Construction of the new system was completed on-schedule and on-
budget, and the entire project complied with EPA’s American Iron and 
Steel Requirements (AIS). As a direct result of the town officials’ early 
acknowledgment of well contamination combined with their deter-
mined persistence in finding a successful resolution, MTBE presence 
in the water system now tests well below the EPA limits.

WATER + STORMWATER

Information provided by Davis, Bowen & Friedel, Inc. (www.dbfinc.com), a 
full-service architectural, engineering, and surveying firm.  

The Northeast Ohio Regional Sewer District (NEORSD) Southerly 
Wastewater Treatment Plant (WWTP) in the Greater Cleveland area 
received the Envision Silver award for sustainable infrastructure from 
the Institute for Sustainable Infrastructure (ISI). Typically applied 
at the planning and design stages of infrastructure development, the 
Envision system rates infrastructure projects across the full range 
of environmental, social, and economic impacts. For the NEORSD 
Southerly Plant, a pilot initiative was undertaken in which Envision 

verification was pursued well into the plant’s operational life, making 
this the oldest infrastructure project that has been verified by the Envi-
sion sustainable infrastructure rating system.

The original NEORSD Southerly Plant became operational in 1928 
and underwent a major rehabilitation in 1974 with investments of $400 
million. More recently, construction of a Renewable Energy Facility 
(REF) at the Southerly Plant became fully operational in 2014, which 
was a key driver to pursuing Envision verification for the facility.

“As a progressive, environmental organization, the Northeast Ohio 
Regional Sewer District is proud to be recognized for its continued in-
frastructure investments at its Southerly Wastewater Treatment Plant, 
the largest wastewater treatment plant in the State of Ohio and the 12th 
largest in the nation. These investments, including the construction of 
the Renewable Energy Facility, a state-of-the-art incineration facility 
that, in part, reduces the plant’s natural gas consumption and electrical 

Upgrading to 
sustainable standards

Cleveland area wastewater treatment plant is the oldest project 
verified by the Envision sustainable infrastructure rating system.

DBF also addressed architectural challenges to balance the aesthetics of installing 
the new water treatment facility in the center of the town’s historic district.
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costs, has positively impacted the environment and public health,” said 
Kyle Dreyfuss-Wells, CEO of NEORSD. “Our work at Southerly is a 
reflection of the Sewer District’s commitment to sustainable business 
practices throughout the entire organization.”

The NEORSD Southerly Plant is located in the Village of Cuyahoga 
Heights, Ohio on a 288-acre site. It serves a population of more than 
530,000 in the Greater Cleveland area. The Southerly Plant is the larg-
est of the district’s three wastewater treatment plants and is among the 
largest of its kind in the United States, handling an average flow of 120 
million gallons per day (mgd).

As the operator of the facility, the NEORSD collaborated closely 
with The Construction Green Team on the Envision sustainable in-
frastructure project submission. As a collaborative effort between ISI 
and the Zofnass Program for Sustainable Infrastructure at the Harvard 
University Graduate School of Design, the Envision system rates the 
impact of sustainable infrastructure projects as a whole. The Envision 
system measures sustainable infrastructure in five categories: Quality 
of Life, Leadership, Resource Allocation, Natural World, and Climate 
and Risk. These key areas contribute to the positive social, economic, 
and environmental impacts on a community.

Key sustainable accomplishments of the NEORSD Southerly Plant 
that contributed to the plant earning an Envision Silver award include:

Economic Growth and Development — NEORSD creates ap-
proximately 70 percent of the employment in Cuyahoga Heights. Ap-
proximately 200 people work at the Southerly Plant and the employees 
have many opportunities to advance their careers through training and 
education. The organization also has a college tuition assistance pro-
gram in place, and offers training programs such as maintenance and 
operator training programs. NEORSD has earned The Plain Dealer/
Cleveland.com Top Work Places and NorthCoast 99 Great Workplace 
awards in recognition of its contribution to economic growth in the 
communities it serves through its hiring practices and support of its 
employees.

Development of Local Skills and Capabilities — Educational oppor-
tunities are expanded to other stakeholders in Cuyahoga Heights and 
beyond through NEORSD’s offers of introductory-level workshops 
designed for Northeast Ohioans interested in learning more about the 
history and future of sewer systems, water quality, and sustainability in 
the region. These workshops are attended by a range of stakeholders, 
including customers, public officials, community groups, and school 
groups.

Long-Term Monitoring and Maintenance — The NEORSD South-
erly Plant has been operational for decades with a well-established his-
tory of undergoing upgrades and rehabilitations over time to continue 
to meet the needs of the community it serves, as well as to continue to 
comply with stricter water treatment standards.

Energy Reduction — The recently completed REF at the Southerly 
Plant provides further evidence of the NEORSD’s leadership. The REF 
uses sludge, septage, and grease from both the Southerly and Easterly 
plants to generate energy. Construction of the REF, along with decom-
missioning of the Southerly Plant’s Biosolids Thermal Conditioning 
System, contributes to a reduction in natural gas use by approximately 
137,000 mcf per year.

“ISI is pleased to present the Southerly Plant with the Envision Silver 
award for sustainable infrastructure,” said ISI President and CEO John 
Stanton. “We are impressed with the district’s leadership and ongoing 
commitments to upgrading, operating, and maintaining this facility in 
accordance with the highest sustainability standards. Recent upgrades 
and additions to the plant, including the Renewable Energy Facility, 
will result in the Southerly Plant being able to serve the community 
of Cuyahoga Heights and the Greater Cleveland area for decades to 
come.”

Information provided by the Institute for Sustainable Infrastructure           
(www.sustainableinfrastructure.org).   

The Northeast Ohio Regional Sewer District’s Southerly Wastewater Treatment Plant, built in 1928 and rehabilitated in 1974, 
added a Renewable Energy Facility in 2014 that significantly reduces natural gas use.
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Americans have always been enamored with owning their own home 
— a huge component of the “American Dream.” Too often, though, 
aspiring homeowners must settle for houses in monotonous develop-
ments with no real sense of place. These developments often have little 
to no interconnected open spaces. For builders and developers, this 
lack of open space leads to missed marketing opportunities to better 
position their investments in a highly competitive marketplace.

Thoughtful incorporation of open space into residential communities 
makes for more livable neighborhoods that are highly marketable and 
help improve sales velocities and increase lot premiums. Specific and 
easy-to-implement solutions exist for suburban, infill, and rural subdi-
visions.

Incorporation of open space into residential developments has a rich 
history in the planning and design of communities throughout the 
United States. The General Plan of Riverside, Ill., developed by Olm-
stead, Vaux & Co. in 1869 — arguably the first planned community in 
the country — includes significant open space throughout its design. 
Other historic examples include Savannah, Ga.; Shaker Heights, Ohio; 
and Radburn, N.J. 

The New Urbanist and Conservation Open Space movements of 
the 1980s and 1990s also have played pivotal roles in showing how 
thoughtful incorporation of open space into residential communities 
can lead to more livable and market friendly neighborhoods. Adding 
open space to neighborhoods is not pioneering new territory, but in-
stead is a tried and true method for creating livable communities that 
people desire.

To capitalize on Americans’ dreams of home ownership, builders and 
developers have provided — and continue to provide — eager custom-
ers with new dwelling units. Often though, these products are provided 
in cookie cutter fashion; that is, the similar settlement pattern of a 
house on an individual lot situated within a large-scale, self-contained 
development known as the modern-day subdivision. Its roots can be 
traced far back, but they generally became ensconced in builders’ 
(and buyers’) minds during the building boom following World War 
II. Cheap land away from city centers, affordable mortgages, a boom-
ing economy, and soldiers returning home starting families in need 
of affordable housing provided the necessary ingredients for a large 
housing boom.

Developers such as William J. Levitt, with his famous Levittown 
communities, provided mass produced homes in large subdivisions 
with little more than the necessary streets and home sites. These sub-
divisions are marked by homes of similar style, few trees, minimal 
landscaping, close neighbors, and lack of any park or open space. This 
pattern of development, even with the advent of the New Urbanism 
and Conservation Open Space movements, continues almost unabated 
to this day.

Open space
A smart way to better market residential developments.

By Jeff Martin, PLA

Figure 1: Kettering Estates development in Lemont, Ill., as originally planned with a traditional site design (left) and 
the revised site plan incorporating elements of conservation design (right). Also see Table 1.
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STABILIZING UNPAVED AGGREGATE ROADS
with 3D Geocell Technology
 

The Federal Highway Administration 2012 statistics indicate 
that approximately one-third of all highway miles are unpaved 
surfaces. A significant opportunity for reducing maintenance 
costs and improving safety exists through use of three-
dimensional geosynthetic geocells to stabilize these unpaved 
roadway surfaces. 

Many of the 1.4 million miles of unpaved roads experience 
rutting, washboarding (corrugation), settlement over poor 
subgrades and horizontal translation at curves and corners that 
can be minimized or eliminated through the use of GEOWEB® 
geocells.  At the heart of these aggregate pavement failure 
modes is particle translation. 
• Rutting occurs as aggregate particles move downward or 

laterally due to soft subgrade or repeated load cycles. 
• Washboarding occurs to dry aggregate pavements where 

wheel load ‘bouncing’ causes ripples.
• Potholes develop from small depressions where surface 

water collects--and accelerate with the dynamic forces and 
pounding of vehicle tires in and out of the ever-increasing 
depression.

• Erosion rills and gullies form by the horizontal translation of 
aggregate particles caused by runoff. 

All of these pavement failure modes can be controlled with 
GEOWEB geocells as the 3D walls create redundant contain-
ers and velocity breaks for the aggregate, hindering particle 
movement at the surface.
 
The GEOWEB geocells’ 3D structure confines and stabilizes 
cohesionless soils, delivering strength and higher performance 
to soils than when unconfined.  The technology is based on 
the interaction between hoop stresses in the geocell cell walls 
and passive earth resistance of geocell systems. 

Geocell systems increase the effective 
structural number for load support, 
reducing pavement requirements by 
up to half the depth of traditional 
designs. This allows for less expensive 
pavement cross-sections in addition 
to the beneficial surface stabilization. 
Significant cost savings are gained as 
maintenance cycles are reduced and 
in some cases eliminated. 

The cost for GEOWEB geocell integration into a new unpaved 
roadway is far outweighed by the annual cost savings gained 
in maintenance reductions and the utility enjoyed by the  
public, making geocell technology a viable consideration for 
highway managers.

ADVERTORIAL
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While the modern-day subdivision has filled a crucial need in the mar-
ketplace, it has come with a cost. Our landscapes are filled with neigh-
borhoods that generally look alike in their uniformity, have removed 
natural resources that cannot be replaced, and do not provide integrated 
connections to shared open spaces, which are critical for successful 
and healthy communities. 

On the business side, the developers who build these non-descript 
modern-day subdivisions have few marketing angles but for the actual 
home itself. When the economy stumbles, or when competition in-
creases, they have not done all they can to stand out in the marketplace. 
They are simply another modern-day subdivision competing among 
many.

Combating monotonous developments can involve many solutions, but 
the one often overlooked may be the easiest — thoughtful incorpora-
tion of interconnected open spaces — think parks and bike/trailways 
— into new communities. A recent survey by the National Association 
of Homebuilders revealed two community features that would seri-
ously influence a buyer’s decision to purchase a home: 
• 60 percent would be attracted to a community with walking/jogging 

trails, and 
• 54 percent would consider purchasing a house in a development with 

a park area. 

A National Association of Realtors survey found that 50 percent of re-
spondents would be willing to pay 10 percent more for a house located 
near a park or protected open space. It also found that 57 percent of 
respondents would choose a home close to parks and open space over 
one that was not.

Demographics also play a role in the incorporation of open space in 
residential developments. Active adults — those 55 years and older 
— are often looking to downsize not only their home, but also the 

property they must maintain. Incorporating open space into develop-
ments generally requires the shrinking of lots, so this aligns well with 
the active adult home buyer. These active adults are seeking residential 
developments with walking trails, open spaces, and other amenities 
that help them maintain a healthy lifestyle.

At the other end of the spectrum are first-time homebuyers. In 2016, 
the average size of homes decreased, in part due to the emergence of 
millennial buyers and their housing expectations. Typically, millenni-
als are seeking mixed-use communities with character, smaller homes, 
walkable neighborhoods, and accommodations for bicycles. Another 
group to consider are “move-up” buyers who often have growing fami-
lies with limited time for taking care of larger lawns.

Marketing residential neighborhoods to these two buying groups is 
simpler by providing communities with interconnected open spaces, 
bicycle and trailway networks, and tasteful homes on smaller lots that 
require less maintenance.

To better understand how open space can be designed into communi-
ties, evaluate the three following types of development:
• suburban neighborhood,
• urban infill neighborhood, and
• rural neighborhood.

Suburban neighborhood
Developers perceive that incorporation of open space will severely 
impact total unit counts and overall density. Add to that a lack of 
precedents in the marketplace where open space has been successfully 
incorporated into residential communities and this results in develop-
ers sticking to tried and true conventional development models that 
they feel best position them in the marketplace. But are they doing all 
they can to stand out apart from their competition?

Figure 2: The Lake Avenue Cottages infill development incorporates 28 single-family 
units on 4.5 acres with 1.5 acres (33%) of open space.

Aerial view of Phase 1 and 2 of Kettering Estates looking down the grand boulevard 
toward the 2-acre neighborhood commons.
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Kettering Estates, located in the southwest suburbs of Chicago, started 
off as a conventional suburban development with all lots the identical 
size and the only open space in required detention areas. In addition, 
the original plan called for the removal of an 8-acre, old-growth oak 
woodland with trees dating back to the early 1800s.

Once the developer was convinced to slightly reduce lot sizes and 
incorporate open space (without severely impacting density; see Table 
1), the community took on a completely different look. The revised 
“hybrid” site plan incorporates elements of conservation design, where 
open space is located behind homes, along with hints of traditional 
neighborhood design where open spaces are provided on the front 
sides of homes.

The side-by-side comparison of the plans clearly shows the differences 
between the two development options (see Figure 1). The original plan, 
if constructed, would have become a standard development with no 
real identity and no inherent marketing advantages. The revised plan, 
which is currently under construction, creates a community with strong 
marketing advantages, including:
• 75 percent of homes are adjacent to common open space.
• Homes adjacent to open space sell for a premium compared with homes 

not on open space within the development or in nearby developments.
• Total open space increased from 20 acres to 48 acres. Homeowners 

are not just buying their individual lot, but access by right to 48 acres of 
interconnected open space.

• The 8-acre old-growth oak woodland was preserved, with homes abut-
ting it being the most sought and with the highest price points in the 
community.

• The original plan accommodated one lot size, while the revised plan 
offers three lot sizes, allowing for a variety of price points and homes 
ranging from 2,000 to 4,000 square feet.

• The model homes are located on the highly visible and prominent entry 
roundabout, creating an ideal sales setting.

In addition to various marketing advantages, the revised plan also pro-
vided the developer with substantial infrastructure and development 
savings, including:
• Total roadways lengths were reduced by 500 linear feet.
• Total area devoted to stormwater management was reduced by almost 

4.5 acres.
• Significant clearing and removal costs were avoided by preserving the 

old-growth oak woodland.
• Overall site grading costs were significantly less than the original design 

by increasing the open space by 28 acres.

Kettering Estates began construction of Phase I in 2014, with the first 
homes sold in 2015. Phase II opened for sales in 2016. To date, sales 
velocities are far outpacing those of nearby single-family communi-
ties. Brisk sales, in a still relatively soft Chicagoland real estate market, 
are occurring in all three of the product lines. To keep up with demand, 
Phase III infrastructure has been completed with home sales set to oc-
cur in late 2017 and early 2018.

Urban infill neighborhood
Open space can also be integrated into urban infill developments to 
help distinguish them in the marketplace. This was successfully done 
at Lake Avenue Cottages, a narrow 4.5-acre infill project of single-
family homes in Peoria, Ill. The site, with easy access to Interstate 
74 and conveniently located within walking distance of two shopping 
centers and many restaurants, was quickly identified by the developer 
as a wonderful opportunity for a higher-density development that uti-
lizes the “Not so Big House” concept.

The result is a charming pocket neighborhood of traditionally inspired 
single-family homes that have approximately 1,200 square feet of liv-
ing space with a two-car garage. The site plan successfully incorporates 
open space through a series of neighborhood commons and preserva-
tion of a wooded ravine. A private drive located along the property 

Table 1: Kettering Estates traditional versus hybrid site design

Revised Plan (Under construction)
131 acres
48 acres (37%)
241 (lots mix of 7,500/10,125/12,150 s.f.)
1.84 units/acre
14,500 linear feet
180 (75%)
5.1 acres

Site Area
Open Space
Units 
Density 
Road Length 
Units on Open Space 
Detention Area

Original Plan (Never constructed) 
131 acres
20 acres (15%)
250 (all lots 12,500 s.f.) 
1.91 units/acre 
15,000 linear feet 
35 (14%) 
9.5 acres

Phase 1 of the Lake Avenue Cottages.
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line provides vehicular access to four narrow alleys that service the 
backside of the homes (see Figure 2). 

The front of the homes and their traditional porches look onto the 
various neighborhood commons — the largest being approximately 
one-quarter of an acre in size. These commons are linked together 
with interconnected sidewalks, which combined with the porches on 
each home, create a sense of community and fosters social interactions 
between neighbors.

Rural neighborhood
Rural subdivisions can also effectively incorporate open space into 
their site plans, but often must be handled differently than suburban 
residential developments. Most homebuyers purchasing homes in ru-
ral subdivisions expect to have a larger tract of land for their home. 
Shrinking lot sizes and converting that to open space (as was shown in 
the suburban case study) is often not a viable solution for rural devel-
opments. So, how can the site plan satisfy larger lot sizes but still in-
corporate open space features that can become a marketing advantage?

Walnut Creek Estates in unincorporated Woodford County, Ill., is a 
unique site plan that effectively preserves and incorporates open space 
features throughout its design. All lots within the development meet 
the minimum required lot size of 2.5 acres. The nine home sites, which 
were laid out with the sites’ topography carefully in mind, all have re-
quired frontage onto Mount Zion Road. For marketing purposes, each 
lot also has frontage onto scenic Walnut Creek, thus creating “double 
flag” lots of irregular shapes. Vehicular access to homes occurs either 
by the Mount Zion Road frontage or by two shared driveways (see 
Figure 3). 

Open-space elements include a five-acre conservation easement on 
each side of Walnut Creek, and three-quarters of a mile of 10- to 
20-foot-wide trailway easements that provide direct access to Walnut 

Creek. Carefully written language in the Covenants, Conditions, and 
Restrictions cover both the trailway and conservation easements to 
ensure they exist in perpetuity with no development of any kind occur-
ring in them. Mown pathways within the trailway easements provide a 
low-cost solution for the trailway infrastructure.

Conclusion
There are a wide variety of options to effectively incorporate open 
space into residential developments to create more livable commu-
nities that are unique in the marketplace. In addition to the distinct 
marketing advantage these communities have, they also provide the 
developer with faster sales velocities, which leads to reduced overall 
carrying costs. The use of open space can also lead to significant costs 
savings by reducing overall infrastructure costs.

Creation of new residential neighborhoods that successfully incorpo-
rate open space requires a builder/developer who understands, or is 
willing to understand, the strong marketing advantages this type of 
development can provide in an ever-competitive real estate market. It 
also requires the builder/developer to rethink existing marketing strate-
gies that traditionally focus just on marketing the interior spaces of the 
homes. A better strategy is to focus both on the interior of the homes 
and the thoughtful organization of streets, private lots, and open spaces, 
which turn an ordinary development into a charming, memorable, and 
highly marketable neighborhood.

JEFF MARTIN, PLA, is landscape architectural manager for Farnsworth Group 
(www.f-w.com) and an award-winning land planner who has been design-
ing highly creative, successful, and marketable residential and mixed-use 
developments throughout the Midwest and Upper Midwest for more than 25 
years. Examples shown in this article are his designs. His clients have included 
national homebuilders, local developers/builders, institutions, real estate 
brokers, and private property owners. He is highly skilled at creating successful 
neighborhoods that have a sense of place and stand apart in the marketplace. 
Contact Martin at jmartin@f-w.com.  

The view from a home into the conservation easement along scenic Walnut Creek.Figure 3: The red corridors are permanent trailway easements providing access to the 
conservation easement along both sides of Walnut Creek.
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The National Institute of Building Sciences (NIBS) issued Natural Haz-
ard Mitigation Saves: 2017 Interim Report, more than a decade after 
releasing its original report on the same topic and only days after the 
National Oceanic and Atmospheric Administration (NOAA) declared 
2017 the costliest year on record for weather and climate disasters. 
Sixteen events in 2017 had losses exceeding $1 billion, with total costs 
of approximately $306 billion, eclipsing the record losses in 2005 by 
$100 billion

As NOAA exemplified, natural hazards present significant risks to 
many communities across the United States. Fortunately, there are 
measures governments, building owners, developers, tenants, and oth-
ers can take to reduce the impacts of such events. The 2017 Interim 
Report highlights the benefits of two such mitigation strategies.

During the ongoing study, the NIBS’s project team looked at the re-
sults of 23 years of federally funded mitigation grants provided by the 
Federal Emergency Management Agency (FEMA), U.S. Economic 
Development Administration (EDA), and U.S. Department of Hous-
ing and Urban Development (HUD) and found mitigation funding can 
save the nation $6 in future disaster costs for every $1 spent on hazard 
mitigation.

In addition, the project team looked at scenarios that focus on designing 
new buildings to exceed provisions of the 2015 International Codes (I-
Codes), the model building codes developed by the International Code 

Council (ICC). The 2017 Interim Report demonstrates that investing 
in hazard mitigation measures to exceed select code requirements can 
save the nation $4 for every $1 spent.

The project team estimated that just implementing these two sets of 
mitigation strategies would prevent 600 deaths, 1 million nonfatal inju-
ries, and 4,000 cases of post-traumatic stress disorder in the long term. 
In addition, designing new buildings to exceed the 2015 International 
Building Code (IBC) and International Residential Code would result 
in 87,000 new, long-term jobs, and an approximate 1 percent increase 
in utilization of domestically produced construction material.

The public-sector mitigation strategies the project team studied include 
the following:
• For flood resistance, acquire or demolish flood-prone buildings, es-

pecially single-family homes, manufactured homes, and two- to four-
family dwellings.

• For wind resistance, add hurricane shutters, tornado safe rooms, and 
other common measures.

• For earthquake resistance, strengthen various structural and nonstruc-
tural components.

• For fire resistance, replace roofs, manage vegetation to reduce fuels, 
and replace wooden water tanks.

The strategies to exceed minimum requirements of the 2015 I-Codes 
include the following:
• For flood resistance (to address riverine flooding and hurricane surge), 

build new homes higher than required by the 2015 IBC.
• For resistance to hurricane winds, build new homes to comply with the 

Insurance Institute for Business & Home Safety (IBHS) FORTIFIED Home 
Hurricane standards.

• For resistance to earthquakes, build new buildings stronger and stiffer 
than required by the 2015 IBC.

• For fire resistance in the wildland-urban interface, build new buildings 
to comply with the 2015 International Wildland-Urban Interface Code 
(IWUIC).

National Institute of Building Sciences report shows how society 
benefits when buildings can withstand natural disasters.

Natural hazard 
mitigation saves

Download the Natural Hazard Mitigation Saves: 2017 Interim Report at 
www.nibs.org/page/mitigationsaves.

Environment + SUSTAINABILITY
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The original report, Natural Hazard Mitigation Saves: An Independent 
Study to Assess the Future Savings from Mitigation Activities, which 
was funded by FEMA, determined FEMA mitigation grants to have a 
benefit-cost ratio of 4:1. One of its key findings — “For every $1 spent 
on mitigation, there is a $4 return of avoided losses in the future” — is 
often cited by Congress and the media.

The 2017 Interim Report also is an independent work, funded with 
the support of public and private organizations interested in expanding 
the understanding of the benefits of hazard mitigation. In addition to 
FEMA, sponsors include HUD, EDA, ICC, IBHS, the National Fire 
Protection Association (NFPA), and the American Institute of Archi-
tects (AIA).

Despite the specific guidance that the 2005 study benefit-cost ratio 
represented only a single, very narrow set of mitigation strategies (pre-
cisely those funded through FEMA), the original 4:1 ratio has been 
used to justify all types of mitigation strategies. The 2017 Interim Re-
port provides an updated examination of the benefits of federal agency 
grant programs (including the addition of EDA and HUD), resulting 
in a $6 benefit for every $1 invested. Though not a direct replacement, 
when used to describe federal grant programs, the 6:1 benefit-cost ratio 
can be used in place of the original 4:1.

To vet the methodology used and ensure the study’s accuracy, NIBS 
received input from experts in resilience across all hazard types, in-
cluding academia, non-profits, government agencies, and the private 
sector. Experts were engaged to conduct the analyses and additional 

experts were invited to peer-review the results. More than 100 subject 
matter experts participated in development and review of the study 
methodologies and findings.

Information provided by the National Institute of Building Sciences               
(www.nibs.org).   

Funding mitigation efforts through incentives

While mitigation represents an excellent investment, not ev-
eryone is willing or able to bear construction costs for more 
resilient buildings, even if the long-term benefits exceed the 
up-front costs. In a 2015 white paper and 2016 addendum, 
the National Institute of Building Sciences’ Multihazard Miti-
gation Council and Council on Finance, Insurance and Real 
Estate proposed a holistic approach to incentives that can 
drive financing mitigation investments, aligning the interests 
of multiple stakeholder groups so that they all benefit from 
natural hazard mitigation. The benefit-cost ratios identified in 
the 2017 Interim Report can facilitate development of specific 
strategies that align incentives from finance, insurance, gov-
ernment, and other stakeholders.

View the white paper, Developing Pre-Disaster Resilience 
Based on Public and Private Incentivization at http://c.ymcdn.
com/sites/www.nibs.org/resource/resmgr/MMC/MMC_Re-
silienceIncentivesWP.pdf. 

http://c.ymcdn.com/sites/www.nibs.org/resource/resmgr/MMC/MMC_ResilienceIncentivesWP.pdf
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Construction of a connected vehicle testbed outside of Columbus, 
Ohio, is evidence of a transformational change taking place that will 
advance the state’s reputation from an industrial giant to a techno-
logical powerhouse. The Ohio Department of Transportation (ODOT), 
Gannett Fleming, and Team Fishel worked in partnership to employ 
intelligent transportation systems to complete Phase 1 of the U.S. 33 
Smart Mobility Corridor. 

This project was born out of the vision to meet the high-speed internet 
needs of a growing community anchored in the automotive industry. 
The City of Marysville, Ohio, applied for and successfully acquired 
funding through the Advanced Transportation and Congestion Man-
agement Technologies Deployment Program, an initiative of the 
U.S. Department of Transportation’s Federal Highway Administra-
tion (FHWA). From this, the NW 33 Innovation Corridor Council of 

Governments was created to oversee the project. ODOT funded the 
entire Phase 1 development and shared in this vision with the NW 33 
Innovation Corridor Council of Governments. The grant received by 
the City of Marysville, along with other funding, will help finance the 
additional phases of this shared vision.

This multi-phased project includes nearly 40 miles of fiber, roadside 
communication devices, and real time on-road testing. It is adjacent to 
the internationally recognized Transportation Research Center (TRC), 
the largest independent car testing facility in the nation, as well as 
the Ohio State University Research and Automotive Center, Honda 
America’s Headquarters, and more than 50 automotive suppliers. 

Once all phases of the project are complete, this stretch of roadway 
will provide a model of how to safely test connected and automated 
vehicles (CAV). Changing the future of transportation in Ohio, and 
across the world, starts with a robust communications network that 
will support the reliable exchange of big data. 

Backbone of a smart corridor 
The initial phase of establishing this Smart Mobility Corridor included 
construction of a telecommunications building next to the new TRC 
Welcome Center and installation of 37 miles of Alcoa Fujikura (AFL) 
432-strand high-capacity fiber optic cable to connect the Dublin Metro 
Data Center (MDC) with the TRC Welcome Center. 

Taking an integrated design-build approach, Gannett Fleming, as the engineer of record, and Team Fishel, as the contractor, 
developed a plan to install 37 miles of high-capacity fiber optic cable. Photo: Ohio Department of Transportation

transportation

Laying the fiber backbone of the U.S. 33 Smart Mobility Corridor.
By Shane Campbell, P.E.

Ohio’s connected 
vehicle testbed
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U.S. Route 33 carries as many as 50,000 vehicles per day through ru-
ral and urban settings, including the cities of Dublin and Marysville. 
Data collected along this limited-access four-lane divided corridor and 
urban local streets in Dublin and Marysville will allow ODOT and oth-
ers to test smart transportation technologies, provide accurate traffic 
counts, monitor weather and surface conditions, and deliver incident 
management improvements, ultimately yielding safety benefits to the 
traveling public.

What’s the value in enabling these capabilities? Suppose there is a 
traffic incident blocking a specific lane along the stretch with CAV 
services — an alert can be transmitted to the vehicles behind it that 
there is a lane closed ahead. The cars following could avoid the danger 
and move to another lane, avoiding a traffic jam or another potential 
incident. 

Delivering a fast-track project
The project operated on an aggressive schedule — design and fiber in-
stallation needed to be finished in about 100 days. Taking an integrated 
design-build approach, Gannett Fleming, as the engineer of record, and 
Team Fishel, as the contractor, developed a unique plan to complete 
this project — the designs were completed in three linear buildable 
units and one vertical buildable unit.

Typically, most projects are designed in full and then handed off to 
contractors and clients for review and approval. For this project, the 
team completed the designs in increments and then passed them on for 
review and approvals. Once approved, construction would begin on 
that portion and design would begin on the subsequent step. 

Gannett Fleming designed these buildable units one at a time in com-
pliance with the ISO-9001 certification quality review process. Team 
Fishel participated in review of the designs and provided comments 
every step of the way to ensure no time was lost in making revisions. 
Gannett Fleming then made those changes and submitted the revised 
plans to ODOT for approval. 

This process worked effectively and efficiently as it minimized the 
number of plan review comments from ODOT. It also allowed Team 
Fishel to become intimately aware of the design that they were go-
ing to install, eliminating surprises during cable installation. From the 
design of the first buildable unit through completion, the teams worked 
together using this seamless process.

Overcoming obstacles 
As productive as this process was, there were still hurdles to overcome 
so the teams could complete the project on time and avoid contract 
disincentives.

Teams bored one-third of the corridor to avoid utilities and plowed the other two-thirds. Photo: Ohio Department of Transportation
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The absence of overall mapping of the 37-mile corridor was a chal-
lenge for the design team from the beginning. To complete the project 
on time, and with no time to fly or survey the entire corridor, the team 
took a minimalist approach that relied heavily on gathering existing 
data. They used LiDAR survey data, available mapping found on the 
web, existing plans, and minimal ground survey for control to create a 
baseline map for their design. 

Utilities were another challenge the team encountered. Without map-
ping utility location, the teams were at risk of conflicting with exist-
ing utilities, potentially causing a setback to the project schedule and 
disrupting services to utility customers. 

The team brought on a subsurface utility engineer to help avoid trans-
mission mains and used Team Fishel’s real-time avoidance approach 
for the smaller utilities. This approach enabled the teams to pothole and 
avoid the utilities as it encountered them, and minimized the amount 
of upfront mapping and coordination that was needed with the utility 
companies.

There were still times in which the teams required precision to avoid 
utilities, go under a culvert or an existing roadway, or in more urban 
areas where utilities were tight. In those cases, instead of plowing the 
line in, they bored it.

The 432-count fiber optic cable is in one inner micro duct out of the seven that are 
available in the conduit the teams installed.

DriveOhio 
In January, Ohio Governor John R. Kasich signed 
an executive order creating a one-stop shop that will 
make it easier for researchers to advance connected 
and autonomous vehicle technologies. The new center, 
DriveOhio, will bring together those responsible for 
building infrastructure in Ohio with those who are 
developing new transportation technologies to better 
coordinate efforts and connect transportation providers 
with automotive and equipment manufacturers.

Initially housed within the Ohio Department of 
Transportation (ODOT), DriveOhio is a partnership 
between ODOT, the Department of Public Safety, 
the Department of Administrative Services, the Ohio 
Turnpike Infrastructure Commission, the Public Utilities 
Commissions of Ohio, the Department of Insurance, 
the Governor’s Office of Workforce Transformation, 
and the Ohio Adjutant General’s Department.

Jim Barna, currently chief engineer and assistant 
director of engineer policy for ODOT, will leave that 
role to lead DriveOhio as its executive director. Barna 
has worked at ODOT for more than 22 years and as a 
civil engineer for more than 28 years.

To ensure the center is meeting the needs and keeping 
up with innovations in the industry, an expert advisory 
board will be created. The board will include leaders 
in the automotive, telecommunications, software 
development, insurance, data, cyber security industries, 
as well as researchers and developers, among others.

As a first step, the department issued a Request for 
Proposals asking teams of engineering, technology, and 
data companies to compete for a contract to develop a 
statewide technology and data framework for its smart 
mobility initiative. The executive order also calls on 
ODOT to begin outfitting its fleet vehicles with devices 
that that can start tracking data that will be beneficial to 
advancing connected-vehicle research.
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A technician, using a locator receiver box, walked above the pilot drill 
head that was already in the ground and got the directional drill rig 
operator within an inch of exactly where the drill head and utilities 
where located. The teams did not hit utilities when drilling this line in 
as they were able to alter alignment and depth easily on the fly.

Once drilled, the drill rods were then retracted and the 2.62-inch con-
duit was pulled through a bored line that was typically no longer than 
500 feet.

There was at least one plow and as many as three drill rigs running per 
day to ensure the project stayed on schedule. In total, the teams bored 
one-third of the corridor and plowed the other two-thirds. Plowing 
saved money and time, so the team used the rule of thumb that “if we 
can plow, we are plowing.”

Building for the future
The project was completed on time and is set up for the next phase 
because of the innovative design process and the teams’ ability to work 
collaboratively to overcome hurdles.

As the U.S. 33 Smart Mobility Corridor is one of the first of its kind 
and CAV is just coming to the marketplace, it’s hard to estimate how 

much data the fiber cables will need to carry. The 432-count fiber optic 
cable is in one inner micro duct out of the seven that are available in the 
conduit the teams installed. Multiple variables — including the type 
and amount of data going across the fiber, the data speed requirements, 
and the sending equipment at the Dublin MDC — affect how much the 
AFL-432 can handle. Six inner micro ducts remain open and ready for 
the expansion of fiber if data transfer loads exceed current capacity or 
other needs develop.

This project has multiple phases ahead of it, including deployment 
of roadside unit devices along U.S. Route 33 and at several signaled 
intersections in the cities of Marysville and Dublin. The current plan 
is for these devices to allow communications to occur from vehicle-
to-vehicle through a digital short-range communication network with 
onboard units installed.

The CAV transformation starting in Ohio will change the future of 
transportation; the U.S. 33 Smart Mobility Corridor will provide a 
model area to safely test CAV. The Phase 1 completion of the U.S. 33 
Smart Mobility Corridor is the foundation for this change.

SHANE CAMPBELL, PE, is a project manager at Gannett Fleming, a global infra-
structure and engineering firm headquartered in Harrisburg, Pa., that provides 
progressive solutions for transportation, earth sciences and natural resources, 
geospatial, water, power, and facilities projects. Contact him at scampbell@
gfnet.com or at 614-794-9424.

TEAM FISHEL (www.teamfishel.com) is a utility engineering, construction, and 
network installation contractor headquartered in Columbus, Ohio. With 2,100+ 
teammates working out of 35 offices in 12 states, Team Fishel serves the 
telecommunications, broadband cable, electric power, natural gas, and low 
voltage technology industries. Contact Team Fishel at info@teamfishel.com or 
at 614-921-8602.

In areas where the cable was installed by boring, a technician using a locator receiver box walked above the pilot drill head that was already 
in the ground and got the directional drill rig operator within an inch of exactly where the drill head and utilities where located.
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The Alaska Department of Transportation & Public Facilities 
(ADOT&PF) is on the front line when it comes to promoting new tech-
nologies that give them continuous, full-coverage asphalt pavement 
density testing for road paving projects. Unlike traditional random 
sampling, continuous testing uses multiple inputs to “look” for failure 
zones and has a high probability of detecting defects before they lead 
to premature failures. The system they opted for combines intelligent 
compaction (IC), a paver-mounted infrared (IR) thermal profiler/scan-
ner, and ground-penetrating radar (GPR) rolling density meter. Now, 
ADOT&PF is moving toward a system that will tie project acceptance 
to data from this system. They plan to offer bonuses for increasing the 
asphalt compaction averages — and require remediation for compac-
tion below the standards. 

For the last 40 years, state departments of transportation across the United 
States have been basing quality measurement testing for road paving proj-
ects on random sampling of materials. For example, one lot of asphalt is 
5,000 tons, which is divided into 10 sub lots of 500 tons each. 

Quality assurance (QA) personnel use a random number generator to 
select where each sub lot would be sampled while placing the mix on 
the grade to check for oil and aggregate gradation. They then randomly 
select a separate location to take a core in the paving mat and at any 
longitudinal joints between two lanes. QA personnel then use statistical 
methods on these random samples to generate information on the theo-
retical distribution of road paving material properties, and to calculate 
the average density of material placed. 

This method does not sit well with Rich Giessel, ADOT&PF statewide 

quality assurance engineer, who maintains that there are numerous 
problems with random testing. It is not suitable for heterogeneous ma-
terials and will not find defects on paving projects. Giessel believes the 
method is based on two false premises. The first is the assumption that 
soils and other road construction materials will fall on a “Gaussian” 
distribution (a normal curve), which he said they almost never do. The 
second false assumption is that we should care most about the average 
density values one gets from random testing. 

This is just not so, Giessel said, “Random sampling is a really good 
way to get the average, but when you are doing one test that represents 
one square foot every 500 tons, there are thousands or hundreds of 
thousands of square feet we have not even looked at. Also, the average 
spot is never what gives us a problem or a failure on the road — it is 
the weak spots. Random testing never finds your low spots and your 
weak spots so there is little to no probability of locating pot-hole size 
defects.”

Replacing the status quo 
Giessel has been challenging the two false premises in recent years and 
became a firm believer in replacing the random sampling/statistical ap-
proach with continuous, full-coverage testing methods. The system he 
favors uses three components: IC, a paver-mounted IR thermal profiler/
scanner, and GPR rolling density meter. 

With IC, compaction rollers are equipped with accelerometers and 
computers that measure surface density and rebound, or relative stiff-
ness. This is related to the materials’ Resilient Modulus, a measure 
of material stiffness that is used for designing traffic loads. IC offers 
geo-located data, continuous, full-coverage real-time compaction of 
the entire hot mix asphalt mat, along with temperature mapping at the 
time of the roller pass.

Next is an IR thermal profiler mounted on the paver, which provides a 
continual map of the temperature of the asphalt as it is laid down right 
behind the paver. The thermal IR scanner provides geo-located data, a 
complete map of asphalt mat surface temperature that is viewable in 
real time, and calculates the degree of thermal segregation every 150 
feet, providing a permanent temperature record.

ADOT&PF’s continuous, full-coverage asphalt testing system detects 
pavement defects before they lead to premature failures.

By Rob Sommerfeldt

Sampling paradigm 
ensures pavement quality

PAVE-IR thermal IR profiler PaveScan RDM asphalt density assessment tool

Transportation
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The last element in the system is the GPR asphalt density meter, which 
evaluates void content, rolling along and taking a measurement every 
square foot of the pavement after compaction. This is a huge advance 
compared with the prior random sampling method. Instead of 50 to 
100 random tests, the GPR method provides 2.5 million tests — one 
on every square foot. This enables QA personnel to finally be able to 
find defects. Since the method provides geo-located data, they can go 
back and fix issues before they lead to premature failures such as road 
raveling, cracking, and deterioration along joints.  

The ability to measure voids is a major benefit, since inadequately 
compacted asphalt deteriorates much more quickly than properly com-
pacted material. Asphalt with too many air voids ages at a more rapid 
rate due to oxidation of the binder. Over-compaction may cause crush-
ing of aggregate or low air void content, leading to rutting or flushing. 
In either case, the asphalt is subject to early failure and road lifetime 
is less than asphalt that contains the optimal air void content. Con-
struction engineers are always looking for optimal compaction, and by 
measuring density variations they can calculate the air void content.  

This approach is in line with research Giessel had been following 
as part of the Federal Highway Administration’s Strategic Highway 
Research Program 2 (SHRP 2) Renewal Project R06C (Using Both 
Infrared and High-Speed Ground Penetrating Radar for Uniformity 
Measurements on New Hot Mix Asphalt (HMA) Layers). 

As part of SHRP 2, the Texas Transportation Institute (TTI) developed 
a way of using IR and radio wave technologies to improve the assess-
ment of asphalt mixture and compaction quality. TTI later worked with 
Geophysical Survey Systems, Inc. (GSSI) to package the radio wave 
components into the PaveScan RDM asphalt density assessment tool, a 
streamlined and operator-friendly device that provides real-time profil-
ing of asphalt mixture uniformity. 

After this first phase, Maine Department of Transportation (DOT), 

Minnesota DOT, and Nebraska DOT continued the research under the 
federally funded SHRP 2 project. ADOT&PF participated in two dem-
onstration projects with technology company MOBA Corporation, first 
with the PAVE-IR Bar and more recently using the PAVE-IR Scanner, 
a paver-mounted thermal profiler. 

New system in action
ADOT&PF conducted demonstrations of the PAVE-IR technology in 
2011 and began using IC in 2013. While visiting an infrared showcase, 
Giessel saw a demonstration of GSSI’s PaveScan RDM. “I got to walk 
behind it and watch what it was doing and I was pretty excited about 
the technology and what it could do for us in Alaska,” Giessel said. 

Alaska roads can be really affected by freeze-thaw cycles; the capital 
city of Juneau is affected most, with about 50 freeze-thaw cycles per 
year, giving them extremely difficult conditions to maintain. 

Giessel got the opportunity to use all three components together as part 
of the recently completed Glenn Highway: Hiland Road to Eklutna 
Pavement Preservation project — 15 miles of four-lane expressway 
requiring a bit more than 50,000 tons of asphalt. This was a 2-inch mill 
and fill project, where contractors milled out 1.75 inch or 2 inches and 
put back 2 inches of material.      

Beginning in 2016, ADOT&PF used the IC and PAVE-IR paver-
mounted thermal scanner technologies as contractor pay factors as part 
of project acceptance. The PaveScan RDM asphalt density assessment 
tool was used as a technology demonstration only. They obtained full-
coverage data but did not connect the information to any pay factors. 

Giessel is extremely pleased with the results of the project, noting 
some unexpected findings. One had to do with the PaveScan RDM’s 
data concerning compaction at the road shoulder. The project called 
for milling out and leaving a paved shoulder with a rumble strip. QA 
engineers found that in some cases, the asphalt was not stacked high 
enough above the paved shoulder to get really good compaction. In the 
past, they had rarely cored near the edge, so had not observed this area 
of low compaction; the random selection almost never got within a foot 
of the rumble strip. Now, the PaveScan RDM measures every couple 
feet across the road, and engineers were picking up on the shoulder 
compaction issue. 

Another interesting finding observed during calibration is that PaveScan 
readings are much closer to the cores than the nuclear gauge, which had 
always been their standard proxy for cores. The correlation coefficient 
(R2) for the nuclear gauge is only 0.82 (82 percent accurate), while the 
R2 with the PaveScan was 0.93-0.95 (93-95 percent accurate), which 
really boosted their confidence in the data they were getting. 

One other significant finding is the ability to use PaveScan to “see” de-
fects they have never seen before, for example, density variation across 
a longitudinal joint. “We had never been able to see what was going 
on at those longitudinal joints before,” Giessel said. “Instead of just 
running parallel down the highway, I turned the PaveScan 90 degrees 
and went across those joints perpendicularly. We could see as much 
as a 10 percent compaction dip right at the joint between the milled 

PaveScan assessing a longitudinal joint during night paving.
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edge and the new hot mix where the hot and cold edges had not melted 
together well. That was data we had never been able to see before, so 
it was pretty exciting.”

No potholes left behind 
The ADOT&PF wants to move in the direction of continuous, full-cov-
erage asphalt pavement density testing for future projects, especially 
major arterials, highways, and main thoroughfares. 

They recently received a State Transportation Innovation Council 
(STIC) incentive award from the FHWA, and they want to use the 
funds to implement this technology more fully. “We want to use 
PaveScan RDM on a project in the near future for actual acceptance 
of the compaction of the highway,” Giessel said. “Instead of the 
drilled cores that we are currently using, we would use the drilled 
cores only to calibrate the machine at the beginning of the project. 
Then we would accept the density on the rest of the project based 
on the GPR readings. That would be a huge step forward for us.” 

ADOT&PF is looking forward to moving away from using statisti-
cal methods to generate a distribution of values because, even if the 
average value is good, there could still be weak areas that are below 
paving standards. These are more likely to cause early failures and 
maintenance costs, as well as additional costs due to the need for re-
paving earlier than planned. With their new technology, they can locate 
specific weak areas that are below established standards. 

For the upcoming STIC project, ADOT&PF proposes paying the con-

tractor based on the average compaction value, with a bonus (up to 5 
percent) if the contractor gets the average up to 96 percent. However, if 
compaction is below 92 percent, the contractor will have to remediate 
it by going back and applying a sand seal with an appropriate sealer/
binder on all low mat sections and joints. 
 
Giessel anticipates that this carrot and stick approach will encourage 
contractors to pay more attention to quality control up front, so they 
do not have to go back and perform any required remediation. “We 
hope their game will be dialed up a bit when they have to go back and 
fix areas they missed if they do not compact well,” he said. “It will 
raise everybody’s awareness of quality work. Basically, we will have 
no potholes left behind with this program.” 

As the first state proposing to use the new system for acceptance, 
Alaska has received encouraging support from the FHWA, which likes 
the idea of fixing things that are not right before the contractor leaves 
the project. They also support the idea of not having to fund another 
project prematurely because something was not done well. It is just 
good economic sense to do everything right the first time. This technol-
ogy and implementing this type of specification has the potential to 
save the state millions of dollars in annual maintenance.

StormRax BY
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ROB SOMMERFELDT is transportation application specialist with Geophysical 
Survey Systems, Inc. (www.geophysical.com). A skilled trainer responsible 
for educating customers on a wide variety of GPR applications and products, 
he has more than 30 years of experience in software development, network 
administration, and technology education. 
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To support the surge in economic development and population, Hong 
Kong has invested in numerous large-scale infrastructure works and 
new building structures. For more than 50 years, Anderson Road Quarry 
supplied aggregate, asphalt, stone, and concrete for construction programs 
in Hong Kong. Now a vacated site, Hong Kong’s Civil Engineering and 
Development Department (CEDD) has initiated a US$1 billion project 
to develop the quarry in response to the acute housing shortage, the result 
of rapid population growth. The quarry site offers 40 hectares of land to 
construct approximately 9,400 private and subsidized housing flats to 
accommodate a planned population of 25,000 people. 

AECOM was retained as the engineering consultant for sustainable 
infrastructure design, including site formation, road improvement works, 
pedestrian connectivity facilities, underground utilities, and housing 
estates. AECOM needed integrated BIM advancements and reality 
modeling technology to optimize planning and construction efficiency, 
streamline workflows, facilitate stakeholder communication, and meet 
client reporting requirements. 

Safe and accurate site monitoring 
As part of the project, AECOM was required to report to the client 
about the construction progress on a monthly basis. Traditional survey 

methods for the 40-hectare quarry site would have been inaccurate and 
inefficient because the quarry’s terrain was steep, sloping, and immense. 
Additionally, using manual photography to monitor progress would put 
surveyors at risk, capture only a portion of the area, and take 40 days to 
complete, missing the required 30-day reporting deadline.

“Based on the complex nature of the project, its variety of infrastructure, 
and large-scale site formation, we have selected a comprehensive and 
appropriate package of Bentley solutions to help manage the project 
more efficiently,” said Ivan H.K. Tsang, vice president at AECOM Asia.

To overcome the challenges of the site’s topography within the client’s 
30-day reporting timeframe, AECOM decided to use reality modeling to 
best monitor the site’s progress. Using drone photogrammetry, the team 
captured 3,000 photos monthly and used ContextCapture to generate 
a reality mesh of the entire site for an accurate visualization of the 
construction progress within one day. The 3D precise and real-textured 
reality mesh provided the team with an efficient and comprehensive 
platform to oversee site progress and eliminated the need to have onsite 
staff perform the survey, avoiding potential hazards and improving 
safety. 

Extending the scope of reality modeling
Beyond creating visualizations, AECOM understood that reality 
modeling provides a comprehensive record of a site’s current conditions 
that can be utilized in the future. Leveraging Bentley BIM methodology 
and reality modeling capabilities, AECOM partnered with Earth 
Solutions to implement a Site Data Management Solution (SDMS), 
using ContextCapture as the foundation. This construction management 
system extended the function of reality meshes from visualizations to 
more informative uses to achieve a full 4D BIM methodology approach. 

UAV + SURVEYING

Accommodating soaring 
population growth

Reality modeling drives efficient design and 
management of Anderson Road Quarry.

By Chintana Herrin

ContextCapture and drone photogrammetry of the quarry generated accurate reality meshes of the 40-hectare site.
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The ability to add information, such as key construction dates, images, 
and BIM renderings, to specific points in the reality meshes optimized 
planning and construction. By automatically overlaying models, the 
SDMS highlights locations or changes in height to visualize works 
in progress and cut and fill volumes for easy interface of earthworks 
balance, all in the same platform.

The use of reality modeling for topographic surveys and photo recordings 
saved a total of 55 resource-days per month, and using the SDMS for 
automating and processing data saved more than 200 resource-days. The 
combined solution streamlined workflows and improved communication 
among the team and with stakeholders, minimizing rework and 
significantly reducing project costs. 

With different disciplines required for the site and infrastructure 
development, it was necessary to have accurate collaboration and 
information sharing among the team and with stakeholders. The mass 
quantity of project data was managed and analyzed in ProjectWise; that 
information was attached to reality meshes in SDMS and onsite building 
contractors and team members accessed the data through their mobile 
devices. 

This set-up enabled any conflicts regarding site boundary and foundation 
works to be identified and resolved prior to construction for more careful 
planning. The enhanced information mobility enabled fast, temporary 
traffic diversion arrangements and minimized impact to traveling 
citizens. Integrating LumenRT to simulate construction progress and 
produce animated visualizations helped communicate progress to the 
public adjacent to the site.

Having an effective, integrated construction management solution 
optimized collaboration among AECOM, the contractor, the client, 

and the public for a holistic project approach. The technology enabled 
AECOM to work closer with contractors for more efficient supervision 
and allowed building contractors to anticipate and solve problems in 
advance. The use of reality meshes provided more precise and accurate 
site monitoring through detailed visualizations, enhancing client decision 
making and facilitating citizen understanding of the construction 
progress. 

“By creating synergy between our expertise in project management and 
the further utilization of reality modeling and BIM, we successfully 
increased productivity and safety,” Tsang said.

Smart community model 
Anderson Road Quarry will serve as the fundamental model to develop 
other communities in Hong Kong that, when combined, will gradually 
form the smart city of Hong Kong. Although the model was populated 
with facility data for this specific project, it can be integrated with other 
data sources for uses in other cases, ranging from energy efficiency and 
environmental sustainability analyses to generating master plans for 
future facility, transportation, utilities, and security plans. 

An innovative milestone in Hong Kong’s civil projects, Anderson Road 
Quarry was the first project to apply Bentley’s BIM advancements 
and reality modeling capabilities to traditional construction work, 
revolutionizing the construction industry in Hong Kong.

CHINTANA HERRIN is a reality modeling product marketing manager with Bentley 
Systems (www.bentley.com), primarily focused on applications pertaining 
to 3D photogrammetry and point clouds. She is responsible for Bentley’s 
ContextCapture, Descartes, and Pointools applications. Herrin has nearly 20 
years’ experience marketing engineering software. 

By automatically overlaying models, the Site Data Management Solution highlights locations or changes in height to 
visualize works in progress and cut and fill volumes for easy interface of earthworks balance.
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Nine hundred buildings in two weeks — in biting cold — 
grabbing data down to 5 cm or better. It would be a daunting 
task anywhere, but especially so in the harsh winter of China’s 
Jilin province. In Changchun, Jilin’s capital and largest city, 
local authorities are responsible to maintain and improve city 
structures. Part of the effort includes a long-term project to 
improve insulation, provide maintenance, and improve the 
exterior appearance on a large block of buildings in one section 
of the city.

The city’s plan to repaint exterior surfaces called for detailed 
measurements of the building façades — accurate to 5 cm (2 
inches) or better. To achieve that level of accuracy, the city 
called in Heilongjiang Star Survey and Mapping Technology 
Co., Ltd. (Star Survey) to collect the required information.

Speed in the field
Field work began in December 2016, just as the harsh Jilin 
winter set in. The Heilongjiang surveyors were given barely two 
weeks to gather accurate data on all 900 buildings. 

Faced with the tight schedule, Star Survey knew that standard 
surveying wasn’t fast enough to capture the needed data in the 
allotted time. Instead, the company turned to laser scanning 
for data acquisition. In addition to conventional scanners, Star 
Survey put an important new technology to the test. 

Star Survey assigned three survey crews to the project and 
equipped one of the crews with a Trimble SX10 scanning total 
station. The SX10 combines the functionality of advanced robotic 
total stations with precise, high-speed laser scanning. Used in 
conjunction with Trimble Access software, the instrument uses 
built-in cameras to collect high-resolution images of the scene 
and enables the operator to “see” through the telescope via a 
virtual display on a rugged tablet.

Over a 10-day period, the SX10 completed detailed scans on 80 
buildings. By leveraging the instrument’s long range, the two-
person crew could typically capture an entire building façade 
from just one setup. When additional setups were needed, the 
crew used the SX10 surveying functions to tie setup points 

uav + surveying

Laser scanning 
technology tested
Surveyors challenged to gather accurate data 
on 900 buildings in two weeks in winter.
By Erik Dahlberg

Surveyors use the Trimble SX10 in Changchun, China. 
They could scan eight buildings in one day.

Plan view of part of the project shows the multiple setups required. 
The SX10 could tie the setups together to reduce office processing.

Examples of raw data (top) and finished elevation in Trimble Business Center. Results 
could be exported to standard CAD software and formats.

Technicians blended point clouds and images to produce 3D visualization of 
Changchun buildings. The image includes locations of SX10 setup stations.
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together. In addition to saving time in the field, their approach reduced 
the time for office processing.

A second two-person team was equipped with Trimble TX8 and TX5 
laser scanners. In 10 days, they collected data on an additional 400 
buildings. Like the SX10 crew, they delivered each day’s data to the 
office graphics team. A third crew comprising seven more people and 
three scanners worked for 11 days to capture data on 420 buildings.

Integration drives office efficiency
In the office, Star Survey technicians processed and analyzed the field 
measurements. Data from the SX10 was downloaded directly to Trimble 
Business Center software (TBC). Because the SX10 captured complete 
data for each building, technicians did not need to stitch together multiple 
scans and could quickly complete checking and quality assurance. 

“The quality and color from SX10 data was excellent,” said one 
of Heilongjiang’s graphics specialists. Using TBC, the technicians 
combined the SX10 scanning data for individual buildings into larger 
point clouds that included multiple buildings.  

Star Survey used Trimble RealWorks software to download and process 
data from the TX5 and TX8 scanners. Technicians merged and cleaned 
multiple scanned datasets to produce large, coherent point clouds. They 
also used RealWorks to process the data from the other scanners used on 
the project. When the processing and quality control was complete, the 
point clouds were transferred from TBC and RealWorks into AutoCAD 

as requested by Changchun city officials. The transfer enabled the design 
and graphics team to complete their work efficiently and on time.

A successful outcome
Star City’s performance kept the project on schedule. Fast data 
collection and efficient processing enabled technicians to meet the city’s 
requirements and deliver accurate, comprehensive information. By 
merging point cloud data with on-scene photographs, planners could 
visualize the buildings in detail. 

According to Star Survey, the SX10 performed well and demonstrated 
the instrument’s flexibility. The solution provided “significant savings 
in time and personnel,” said Yunfeng Wang, survey crew leader for 
Star Survey. “We were able to separate field and office teams and the 
instrument can be easily setup and scan a building in a short period of 
time. Data acquisition is very easy for office processing and drafting.”

Based on its performance in such a demanding application, the SX10 has 
proven to be a valuable asset for Star Survey. In addition to scanning, 
the company will take advantage of the SX10 capabilities and use it on 
traditional work including cadastral surveys, topography, and building 
locations.

ERIK DAHLBERG is a writer specializing in the geomatics, civil engineering, 
and construction industries. Drawing on extensive training and industry 
experience, Dahlberg focuses on applications and innovation in equipment, 
software, and techniques.   
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The Open Geospatial Consortium (OGC) announced the Disasters 
Interoperability Concept Development Study (CDS) to assess the current 
state of data and product exchange technologies as used in disaster 
planning, response, and recovery. The information gained in the CDS 
will aid in developing a series of future pilots that will in turn advance 
the state of Spatial Data Infrastructures (SDIs) that support disaster risk 
reduction across the globe.

Geospatial information has been proven effective in supporting both 
the understanding of and response to disasters. The supported activities 
include identifying at-risk areas by building scientific models and 
analyzing historical data, to assessing damage and coordinating response 
teams using near real-time imagery and data in the wake of a crisis, and 
many other applications in-between.

However, the ability to effectively share, use, and reuse geospatial 
information and applications across and between governments and non-
government organizations in support of disaster response and resilience 
is dependent on having the required partnerships, policies, standards, 
architecture, and technologies already in-place when disaster strikes. 

The Disasters Interoperability CDS is being organized by the OGC and 
sponsored by the Federal Geographic Data Committee and the U.S. 
Geological Survey, with the objectives of collating, documenting, and 

making freely available the knowledge and best practices required for 
geospatial information sharing in times of crisis. 

To achieve these objectives, the CDS will bring together diverse 
stakeholders from the global disasters community to assess the current 
state of data exchange technologies (e.g., data, tools, APIs).

This OGC Innovation Program initiative will lay the groundwork for 
multiple OGC Pilot Projects during the next five years. These pilots will, 
in turn, advance the ability of SDIs to support disaster risk reduction. 

By combining the information gained in this CDS with future OGC 
Testbeds and Pilot Projects, the OGC and its members will demonstrate 
the richness, benefits, and value of using international standards to 
provide geospatial data in support of disaster planning, response, and 
recovery. 

This study and subsequent initiatives will show how data standards help 
stakeholders and decision makers gain new and beneficial perspectives 
into social, economic, and environmental issues related to disasters by 
providing access to an online network of resources that improve the 
sharing, use, and integration of information tied to geographic locations 
across the globe. 

For more information on the Disasters Interoperability CDS, participation 
in workshops, or responding to a Request for Information issued in 
February, visit www.opengeospatial.org/projects/initiatives/disasterscds 
or contact Terry Idol at tidol@opengeospatial.org. 

Information provided by the Open Geospatial Consortium (www.opengeo-
spatial.org), an international, not-for-profit organization committed to making 
quality open standards for the global geospatial community.   

Best practices 
in times of disaster

Open Geospatial Consortium announces Disasters 
Interoperability Concept Development Study.

uav + surveying
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The American Concrete Institute (ACI), launched an all-access 
subscription to ACI University webinars and on-demand courses. The 
new 12-month subscription option includes all ACI monthly webinars 
and ACI’s 175+ on-demand courses. Topics include admixtures, codes, 
cracking, design, durability, and much more. Member price is $99; 
regular price is $299.

ACI University is a global, online learning resource, providing on-
demand access to a wide range of topics on concrete materials, design, 
and construction, appealing to everyone from testing technicians to 
practicing engineers.

The all-access subscription is accessible through desktop and mobile 
devices. Multi-user options are available.

To learn more about the new all-access subscription to ACI University, 
visit www.concrete.org/store/productdetail.aspx?ItemID=ACIUOL&Fo
rmat=SUBSCRIPTION&Language=English or call 248-848-3800. 

To learn more about ACI University, visit https://www.concrete.org/
education/aciuniversity.aspx. 

ACI Collection 
Formerly known as the Manual of Concrete Practice, the ACI Collection 
is the most comprehensive and largest single source of information on 

concrete design, construction, and materials, with nearly 50 codes and 
specifications and more than 200 practices — including all guides and 
reports. 

The ACI Collection features ACI 318 Building Code Requirements for 
Structural Concrete, ACI 301 Specifications for Structural Concrete, and 
ACI 562 Code Requirements for Assessment, Repair, and Rehabilitation 
of Existing Concrete Structures and Commentary. Additional categories 
in the ACI Collection include concrete materials, properties, design, 
construction, reinforcement, specialized application, repair, structural 
analysis, and innovation, plus popular topics such as slabs, formwork, 
and masonry.

The ACI Collection is available as an online subscription, a USB drive, 
and an eight-volume set of books. Specifically developed for individual 
users, the online subscription of the ACI Collection includes access to 
every new ACI document as soon as it is published, plus metric and 
historical versions of ACI’s codes and specifications. 
 
According to ACI, current and prospective users overwhelmingly 
indicated that the name — ACI Collection of Concrete Codes, 
Specifications, and Practices — better represented the contents than the 
previous name, ACI Manual of Concrete Practice.  

Individual volumes of the ACI Collection are also available, plus special 
online access for multiple users, entire offices, and large multi-national 
companies.

To subscribe or order, call 248-848-3800 or visit www.concrete.org.   

CONTINUING EDUCATION

Concrete resources
ACI launches all-access subscription to ACI University,

releases ACI Collection

Information provided by the American Concrete Institute (www.concrete.org). 

The ACI Collection is available as an online subscription, 
a USB drive, and an eight-volume set of books.

www.concrete.org/store/productdetail.aspx?ItemID=ACIUOL&Format=SUBSCRIPTION&Language=English
https://www.concrete.org/education/aciuniversity.aspx
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Deep Foundations Institute (DFI) announced the availability of the 
most recent edition of the DFI Journal, a peer-reviewed publication of 
high-quality technical papers. 

Volume 11, Number 1 includes the following papers:  
• Numerical and Experimental Simulation of T-Walls Supported by Battered 

Piles within a Levee Embankment, J. B. Johnson, USACE; F. Vahedifard, 
Mississippi State University; P. Kokkali, Rensselaer Polytechnic Institute; 
A. F. Tessari, University at Buffalo; T. Abdoun, Rensselaer Polytechnic 
Institute; and R. J. Varuso, USACE Risk Management Center.

• A Critical Review: State of Knowledge in Seismic Behavior of Helical 
Piles, Amy Cerato, University of Oklahoma; Tatiana Vargas, Carollo 
Engineering; Shawn Allred, University of Oklahoma.

• Axial Load Transfer of Drilled Shaft Foundations with and without Steel 
Casing, Q. Li, Oregon State University; A. W. Stuedlein, Oregon State 
University;  and A. Marinucci, V2C Strategists LLC.

• Effect of Nails Orientation and Length on Soil-Nailed Retaining Structures 
Stability, Alireza Askari, MS, Arash Gholami - Islamic Azad University.

An online subscription to the DFI Journal is included with DFI 
membership. Members and nonmembers can order printed copies of 
the 2007-2013 volumes of the Journal from the publications page of 
www.dfi.org; members at preferential rates. Subscriptions to the online 
journal are available at www.tandfonline.com/pricing/journal/ydfi20.  

To contribute a manuscript, visit www.dfi.org/dfijournal.asp for 
information and instructions. The DFI Journal is an official journal 
of the Deep Foundations Institute, meaning research will be available 
to all international members. In addition, DFI Journal articles are 
abstracted and indexed in Scopus, so research will be available in one 
of the world’s most prestigious databases.

continuing education

An overview of significant changes for wood design in the 2018 
National Design Specification (NDS) for Wood Construction topped 
the American Wood Council’s 2017 webinars.
 
Following are the top five webinars by attendance in 2017: 
• 2018 NDS for Wood Construction - NDS Changes 
• Resolving Wood Shear Wall Design Puzzles with FTAO 
• 2015 NDS Connections Primer 
• Cornucopia of Classic Connection Conundrums
• Evaluation of Recommended Allowable Design Properties for Wood  

Existing Structures

All American Wood Council (AWC) webinars are available on the 
organization’s website (www.awc.org/education/ecourses) as self-
directed study programs to earn American Institute of Architects (AIA), 
International Code Council (ICC), or National Council of Structural 
Engineers Associations (NCSEA) credit.
 

“The fact that our most popular webinar focused on changes to AWC’s 
flagship 2018 NDS standard highlights the needs of busy building code 
officials and design professionals to stay current,” said AWC Senior 
Director of Education Michelle Kam-Biron. “AWC is committed to 
providing these education resources for free to help ensure the code 
and design community has easily digestible information related to 
wood design. We will continue to build on these popular topics this 
coming year with our live webinar series.”
 
Additional webinars on 2018 changes to codes and standards, as well as on 
various aspects of mass timber buildings, are also planned through the year. 
Check AWC’s events page (http://awc.site-ym.com/events/event_list.asp) 
for the schedule and to register.
 
AWC is approved as a Preferred Provider through ICC’s education 
Preferred Provider Program. Fifty percent of the CEUs required for 
certification renewal must be earned from training by ICC or an ICC 
Preferred Provider. AWC is also an approved provider of continuing 
education through the AIA Continuing Education System, and its 
education programs are registered with NCSEAs’ Diamond Approval 
Program.

Top wood webinars

Foundation research

American Wood Council is an ICC Preferred Provider 
for continuing education.

DFI Journal offers the latest peer-reviewed technical papers.

Information provided by the American Wood Council (www.awc.org). 

Information provided by the Deep Foundations Institute (www.dfi.org). 
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01. Corrosion-inhibiting admixture

MCI admixtures, developed, manufactured, and marketed by Cortec 
Corporation, consist of two functional components — contact inhibitors and 
volatile corrosion inhibitors, some of which are amino carboxylates. According 
to Cortec, they are nitrite-free and effective at very low doses. MCI Technology 
works by forming a protective molecular layer on steel surfaces embedded 
in the concrete. MCI-2005 is ideal for use in marine-environment structures 
because of its UL certification to meet ANSI/NSF Standard 61 for use in 
structures containing potable water. It also contains 67 percent USDA-certified 
biobased content and qualifies to earn credit toward LEED certification.

Cortec Corporation
www.cortecmci.com 

02. Large paving stones

Willow Creek Paving Stones introduced Slatestone Grande to its family of 
paving stones. Slatestone Grande pavers are available in 9-inch by 18-inch 
and 14-inch by 18-inch sizes and are 7 cm thick. Four colors are available 
— Creme, Bleu, Patina, and Mocha. Ideally suited to the harsh freeze-thaw 
cycles of the Midwestern climate, they can be used for patios, courtyards, 
walkways, and more. A free Willow Creek Paving Stones Project Calculator 
to calculate materials and accessories for any size project is available at                                  
http://willowcreekpavingstones.com/paver-project-calculator. 

Willow Creek Paving Stones
http://willowcreekpavingstones.com 

03. 
Automated 
concrete 
and cement 
testing

04. Updated website for stormwater 
and sewer systems

05. High-visibility, 
full-length 
raincoat

ELE International 
launched the ADR 
Touch Control 
Pro system, a new 
automatic control 

unit for concrete and cement testing. A key feature 
of the new machines is LAN connectivity for 
remote control via ELE’s PC-based app, known 
as ELE Logger. Laboratory staff can initiate and 
monitor tests away from the lab, and service staff 
can conduct remote diagnostics. A new 7-inch, high-
resolution, color touch-screen is scratch and splash 
proof. Automatic sample loading is provided by a 
closed-loop microprocessor-controlled system, with 
automatic stress calculation. All test results are logged 
with the machine serial number, and load versus time 
is plotted in real-time.

Advanced Drainage Systems, Inc. (ADS) said it 
improved the functionality and increased the number of 
free online design programs and documents available 
on its website, www.ads-pipe.com, while making it 
more responsive across all platforms including mobile 
devices. The engineering library resource database 
available on the website now includes more than 850 
reference documents with specific information for 
each of the 14 end markets served by the company 
plus the company’s products. Online design tools 
include the StormTech Design Tool, Nyloplast Drain 
Basin Configurator, FlexStorm Project Configurator, 
and Inserta Tee Configurator.

Galeton expanded its line 
of Illuminator Hi-Viz 
Workwear to include the 
#13231 Illuminator Class 3, 
Breathable 75 Denier Ripstop, 48-inch Black Bottom 
Raincoat. The full-length raincoat has two large 
exterior pockets and two interior pockets large enough 
to fit a tablet/iPad, all with zippers; is fully waterproof 
with polyurethane backing, taped seams, and storm 
flaps; and features smooth, mesh taffeta lining for easy 
on and off; two-way zipper and adjustable hood with 
a 3-inch stay-up flexible visor; and reflective piping. 
The raincoat meets ANSI Class 3 requirements.  

ELE International
www.ele.com 

Advanced Drainage Systems, Inc.
www.ads-pipe.com 

Galeton
www.galeton.com  

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.

At Fenner & Esler, we’re more
than just brokers. We’re A/E 
specialists. Delivering the right
coverage and value to design
firms of all sizes since 1923.
With multiple insurance carriers.
And a proven track record 
serving the unique risks of 
structural engineers.

Get a quote—overnight.

Visit:
www.fenner-esler.com
Click “Need a Quote”

Call toll-free:
866-PE-PROTEK 
(866-737-7683 x.208)
Ask for Tim Esler.

Email:
tesler@fenner-esler.com

T H E P R O F E S S I O N A L ’ S C H O I C E

S I N C E 1 9 2 3

S t r u c t u r a l  E n g i n e e r s  A x i o m  # 7

tim@Insurance4Structurals.com 

www.insurance4structurals.com

Professional Liability is Essential.
Overpaying is Not.

It pays to have the right profes- 
sional liability coverage. But you 
shouldn’t overpay.

At Fenner & Esler, we’re more 
than just brokers. We’re A/E 
specialists. Delivering the right 
coverage and value to design 
firms of all sizes since 1923. 
With multiple insurance carriers. 
And a proven track record 
serving the unique risks of 
structural engineers.

Get a quote—overnight.
Visit:
www.insurance4structurals.com
Click “Need a Quote”

Call toll-free:
866-PE-PROTEK 
(866-737-7683 x.208) Ask for Tim Esler.

Email:
tim@Insurance4Structurals.com

Structural Engineers Axiom #7

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
get the job done right and on-time.

06. Structural thermal breaks website 07. Hinged roof connector 08. Manufactured stone veneer guide

Schöck North America launched an 88-page website, 
www.schock-na.com, on its line of Isokorb structural 
thermal break (STB) products, which are used in high-
rise construction to thermally insulate concrete and 
steel structures that penetrate the building envelope. 
Four application sections on the website cover STBs 
for concrete and steel balconies, concrete slab edges, 
steel canopies and beams, and concrete parapets and 
steel rooftop connections. Each section compares 
applications with and without STBs in terms of 
energy savings and prevention of condensation, mold, 
and rust. Corresponding product pages detail 12 STB 
types categorized by concrete-to-concrete, concrete-
to-steel, or steel-to-steel connection methods.

Simpson Strong-Tie said its new hinged roof 
connector makes it easier for modular builders 
to construct stick-frame roofs in the factory that 
will fold flat during shipping. The patent-pending 
MMHC connector features a hinge that rotates from 
open position to folded. It nails in place for easy 
installation. This connector has been tested and load 
rated in multiple directions. An offset nail pattern 
allows for installation on both sides of the roof rafter 
assembly. Simpson Strong-Tie also released its 
new Connectors & Fasteners for Modular Building 
catalog that includes connectors and fasteners that 
are ideally suited for factory-built structures.

The National Concrete Masonry Association and the 
Masonry Veneer Manufacturer’s Association published 
the 5th Edition of the Installation Guide and Detailing 
Options for Compliance with ASTM C1780 for Adhered 
Manufactured Stone Veneer (MSV). This guide provides 
information and guidance on design and construction 
of adhered MSV systems. The updated guide includes 
recommendations on applying MSV over continuous 
insulation, an enhanced section on choice of mortars for 
MSV systems, and provisions for installation of MSV 
using cement board as a substrate. The Installation Guide 
is available as a free download at http://ncma-br.org/pdfs/
masterlibrary/MVMA%20Installation%20Guide%20
5th%20Edition%201st%20Printing.pdf. 

Schöck North America
www.schock-na.com 

Simpson Strong-Tie
www.strongtie.com/modularbuilding   

National Concrete Masonry Association
www.ncma.org  

http://ncma-br.org/pdfs/masterlibrary/MVMA%20Installation%20Guide%205th%20Edition%201st%20Printing.pdf
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The idea of Manifest Destiny, the expansion of the American economy 
westward, became a theme in the nation’s budding sense of identity in the 
19th Century. This was when the West was characterized by buffalo herds 
chewing tumbleweed, not 24-year-olds smoking weed and dreaming of 
Hyperloop fares to Los Angeles for $99. But let’s face it, with Colorado, 
Washington, California, Nevada, and Oregon all passing progressive 
legislation, their socio-economic landscape has transformed and entered a 
period of higher-than-average growth.

The year is now 2018 and we recently published Zweig Group’s 2018 
Salary Survey of Engineering Firms. When researchers looked at the data, 
a few interesting themes were apparent. For one, young women (18-25) 
made up 15 percent of all women represented. This is up from just 11 
percent last year. In contrast, only 9 percent of males fit in that age group 
this year and last. Though the industry continues to be predominantly male 
(71 percent), it is encouraging to see younger women becoming a larger 
part of the picture.

We also a noticed a much younger workforce in the Mountain-Pacific 
Region. Firms reporting in the Mountain-Pacific had staff that were, on 
average, 12 percent younger than firms reporting in the Central Region and 
Northeast and South Atlantic Region. This takes into account job title and 
tenure from an entry-level engineer all the way up to a principal engineer. 
Nearly 45 percent of all respondents in the Mountain-Pacific Region were 
under the age of 35 and only 30 percent over the age of 45. Nationally, less 
than 40 percent of respondents were under the age of 35 and 38 percent 
over the age of 45, making the Mountain West Region considerably 
younger than the rest of the U.S.

Though engineers in the Mountain-Pacific were noticeably younger than 

the rest of the U.S., they indexed quite high for base salaries in non-
licensure positions (engineering technicians, CAD, GIS operators, etc.). It 
is no secret that the engineering industry has gone through a technological 
revolution. Now more than ever, the relationship between the engineer and 
the subject matter is increasingly reliant on technology and less reliant on 
manual computation of the problem in question. Technician roles have 
developed into an affordable option for firms to problem solve, deliver 
projects, and increase capacity. Students can receive an online associates 
degree in mechanical or electrical engineering and enter the workforce 
with a base skill set that can immediately position them to help a firm 
solve a critical problem.

Year over year, we saw an average increase in base compensation of 3.4 
percent. Compensation by firms in the Central U.S. gained by 4.6 percent 
(led by Texas), Mountain-Pacific grew by 2.6 percent, and Eastern firms 
grew by 3.4 percent. The average project manager in the Mountain-Pacific 
Region had less than 15 years of experience and made $90,400. For the 
same role in the Central Region the average project manager had more than 
19 years of experience and made $96,900; in the Eastern Region, it was 17 
years and $95,800. On average we saw a 27 percent increase in pay from 
one level to the next. This came with an average 150 percent increase in 
experience. For instance, if an engineer became a project engineer with six 
years of experience, their next move to a project manager would happen 
at 15 years. This would come with a gain in base salary based on a 1.27 
multiplier of their salary in year six. We can do the math for you, but you 
could also check out the Salary Survey and build your own compensation 
program to best position your firm for growth!

Zweig Group’s 2018 Salary Survey of Engineering Firms is published 
as three regional collections: Northeast and South Atlantic, Central, and 
Mountain Pacific. It is available for purchase (print or digital version) at 
https://shop.zweiggroup.com/collections/2018-surveys.   

WILL SWEARINGEN is director of Research. He can be contacted at             
research@zweiggroup.com. 
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Go west, young… man?
By Will Swearingen
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