Now Introducing

ACI Collection of Concrete Codes,
Speciﬁcations, and Practices

T

he American Concrete Institute
introduces the ACI Collection of
Concrete Codes, Specifications,
and Practices (formerly the Manual
of Concrete Practice). With nearly
50 codes and specifications and more
than 200 practices—the ACI Collection
is the most comprehensive and largest
single source of information on concrete
materials, design, and construction.

Regular Price

The ACI Collection includes ACI 318-14, ACI 301,
and ACI 562. The ACI Collection also covers concrete
materials, properties, design, construction, reinforcement, repair, structural analysis, and innovation—
plus popular topics such as slabs, formwork, masonry,
and more.
The ACI Collection is available in three formats—

Annual Online
Subscription
(Continuously
Updated)

$795.50/year

Member Price
Guide and Reports:
FREE with ACI
Membership
Standards:

$235.00/year

an online subscription that is always up-to-date and
includes historic editions of codes and specifications; a USB
drive for convenient digital access anywhere, with or

$849.50

$525.00

$1083.60

$648.96

USB Drive

without an internet connection; and an eight-volume set
of books.
Please visit www.concrete.org to subscribe
or purchase.

8-Volume Books

www.concrete.org
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2019
DENVER
IECA Annual Conference and Expo
February 19-22, 2019
Colorado Convention Center | Denver, Colorado

This year’s event will feature:
Trending Topics: Stay on top of the industry’s latest problems and solutions
from over 100 technical sessions presented by leading experts.

Opening Keynote
Ken MacKenzie, P.E.
Urban Drainage and
Flood Control District
Executive Director

Product and Technology Training: Visit the Expo Hall to view innovative
products and services; see live demos from the National Resources
Conservation Service and view short videos on installation, soil health
and hydrology.
Networking Opportunities: Share ideas, collaborate with thought leaders
and network with peers to build your professional network!

Learn More About the Conference, Speakers and Register at ieca.org/annual19.

FROM THE PUBLISHER
I recently went into a state of semi-retirement from Zweig Group. While I am still
the chairman and have certain client-related and company duties to fulfill, I’m off the
“active duty” roster for now and have moved out of my Zweig Group office at 1200 N.
College and into my home office.
Working from home definitely has certain advantages and disadvantages. On the plus
side, the commute time is minimal. I have to walk about 100 feet from my master
bedroom to my office/library on the other side of the house. And the dress code is
super-relaxed — although I must confess, I still rise at the same time every day, take a
shower, and dress as if I am going out of the house.
I have everything I need here. I bought a new high-speed laser printer on Amazon and
it sits right on my desk — super convenient. I have a fantastic view out my 12-foothigh front windows. I have a private bathroom for when I need it. Snacks are always in
the kitchen. I don’t have to go out to lunch if I don’t want to, saving time and money.
And my two cats, Ozzie and Harriett, can keep me company all day and follow me
around wherever I go.

Out of the office
Advantages and disadvantages
of working from home.

On the other hand, there are some disadvantages. Quiet can be nice if you want to get
certain things done, but too quiet all of the time can be a negative. There’s no buzz
unless I am creating it. You don’t have anyone there to draw energy from. And it can
get lonely if no one comes over to see you.
A number of our readers either work full- or part-time from their homes. If so, what
are you finding? Drop me a line at mzweig@zweiggroup.com to share. Maybe we can
publish your comments in a future issue of the magazine.
Meanwhile, we have a new year and another new issue of Civil + Structural Engineer
magazine here for you to enjoy! I wish you all the best for 2019! Thank you for what
you do for us all and thank you for reading our publication!

MARK C. ZWEIG
mzweig@zweiggroup.com
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C+S ENGINEER ONLINE
Civil + Structural Engineer provides news and articles online to supplement content in this print issue. Visit www.csengineermag.com daily for
the latest news and check out the following articles posted online with the January 2019 issue:

What every engineer should understand about business insurance
By Jim Loughlin, Senior Sales Director, CoverWallet

More and more frequently, engineers are starting their own businesses or working as freelancers. There is a big upside for starting a business
with the potential for additional income and the freedom of selecting which projects to take on, but there are also significant risks. Aside from
the pressures of ensuring your business succeeds and does high-quality work, there is also the unfortunate reality that there is a lot of liability for
engineers. Fortunately, companies like CoverWallet are now making it easier to deal with insurance online.
Read the entire article at http://tinyurl.com/insurance-jan19.

Project Profitability: Now that you’re a project manager
By Howard Birnberg, Association for Project Managers

Every individual has his or her own reason(s) for choosing a career path that led them to
becoming an engineer or an architect, but it is very rare that engineers and architects set
out early in their careers to be project managers. Fortunately for their firms and clients,
many capable people move into that role and perform well. Nevertheless, there are as
many definitions of a project manager's responsibilities as there are firms.
Read the entire article at http://tinyurl.com/projectprofit-jan19.

LET'S BUILD

YOUR IDEAL

STRUCTURE

for nearly 40 years clearspan

has been helping companies maximize profits with superior building solutions

To find out how we can
help with your structure needs visit or call
www.clearspan.com 1.866.643.1010

Energy
Efficient

Superior
Warranties

Expert
Project Managers

No Money Down Financing, Terms Up To 7 Yrs and As Low As 5.99% on buildings
january 2019
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engineering our future
This year, Zweig Group celebrates 30 years in business. If we look back and try to summarize the

value of what started as Mark Zweig and Associates — which became ZweigWhite, and is now
Zweig Group — it would be difficult. But the story goes something like this: Mark Zweig built
this idea of expanding business acumen to the AEC industry. As a result, there was a resource that
focused on research and then provided that information to improve operations for firms.
Our company’s entrance into the market came at a time when there was a natural shift happening in
the industry. Firm leaders were becoming open to the idea that growing a business was more than
just providing good engineering design and on-time construction. They realized that they were, in
fact, running businesses. Strategic planning, marketing, and business development became a way
of life. We provided invaluable education and support in these and other areas, building on the
idea of better performance through business savvy.

Elevate the
industry
Five tenets are central to advancing
the engineering profession.

Now, we believe there is another shift at hand. It’s like a window is opening again. Change is
coming and something, someone, is needed to facilitate that change. There’s a golden opportunity
and, together, we have the power to take advantage of it and Elevate the Industry.
Elevate is our new mission, and we see these five tenets as being central to the movement.
Promote — We must work together to promote the industry. We need to work harder to bring
more positive exposure to what we do for the world, starting in our own firms. We need to expand
the positive impact of what we do and tell the world about it.
Diversify — It’s time to diversify our firms. Let’s start with our workforce and the policies that
empower equality. Forget about political correctness and the so-called “millennial issues.” We
need this because it’s a critical business strategy. It’s also the right thing to do.
Educate — Let’s unite with our educational institutions and push the message down, from
universities to K-12. Let’s get into the schools and reach students at an early age.
Change — It’s time to change the conversation and shift toward growth-oriented policies that
mobilize investments and create jobs. Simply put, we need to be able to pay better salaries to
attract and retain the best talent. This starts with educating our clients and getting away from the
low-bid selection process, differentiating our services, and breaking out of the commoditization
trend.
Celebrate — Celebrating creates momentum. Firms that celebrate success create more success.
As the momentum grows, the firm develops an increasingly positive energy that is critical to
growth and evolution. I challenge you to look for every opportunity to recognize your teams,
individuals, and even your clients. From small goals to giant wins, take the time to celebrate.
When you do, you motivate your team.
We work in a field that makes a difference. This is why Zweig Group wants to mobilize the
industry’s resources and bring greater awareness to this amazing profession. We believe in a world
that celebrates the built environment and recognizes its impact on individuals, communities, and
commerce. As John F. Kennedy said, “A rising tide lifts all boats.” Together, we can advance the
engineering profession. Together, we can elevate the industry.

CHAD CLINEHENS, P.E., is Zweig Group’s president and CEO. Contact him at cclinehens@zweiggroup.com.
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Two Shows.
One Location.
MAY 21-23, 2019 / Anaheim Convention Center / Anaheim, CA
AEC Next Technology Expo + Conference co-located with SPAR 3D Expo &
Conference bring you two dynamic educational programs and a diverse exhibit
floor in one location.
Combining the latest trends, industry best practices, and emerging 3D sensing,
processing and visualization tools – this is the event that is changing the landscape
of how assets are managed, projects are pitched, and designs are created.

Join us and experience more.

Save $100 off a conference pass
with code CSENGINEER
Produced by Diversified Communications

Register
by Feb. 15
to save up
to $255!

aecnext.com or
spar3d.com/event

Autodesk

engineering front line
Business planning is something like life planning. It is so critical but people often
spend more time planning vacations than they do on life planning. Planning lets you
focus on what is important. When opportunities knock on the door, it is easier and
faster to capture them since you have a plan. This plan should consist of five things:
The “why” (Mission) — Something inspirational and authentic. Ours is, “Make the
world a better, safer place.” This is something we use to decide everyday pursuits and
actions. I’ve noticed that many businesses miss this most critical component — the
inspirational reason to exist. Without it, how can we live and have satisfaction?
What do we want to do? (Vision) — Again, inspirational and tells others what the
organization looks like in the near future. One of our goals calls for being a 1,000-person
company in five years to better impact the societies we serve.

Art of
business —
or life —
planning
Focusing on what’s important makes it
easier to capture opportunities.
H. Kit Miyamoto, Ph.D., S.E., in
Johannesburg, South Africa

How to get there (Strategies) — Many people often confuse this with actions. Consider
this as the main methods to accomplish your goals and vision. For example, in our
human resources strategy section, we state that “we focus on people’s strengths and
passions to define job responsibilities rather than using cookie-cutter job descriptions.”
What should we do now? (Action plan) — This is the most important one, but it
often fails here. Details matter. This lays out details of what, by whom, by when to
execute strategies.
How much? (Budget) — We need to know how much money is needed to execute the
action plan and generate profit.
A business plan works like magic when it is laid out right and gets real buy-in from the
people involved. Our company had a setback a couple years ago. Growth was there,
but profitability was compromised by large losses by some offices. We set up a plan
to reverse this.
We restructured our organization to focus on people’s strengths and made a significant
investment in marketing, business development, and production efficiency. No layoffs;
we even gave all staff raises even though we showed a loss. We did that to show our
confidence in our plan and our people. It was a bit of risk taking, but I felt this action
united everyone under a common goal.
After one year, all offices are coming back really strong. October was one of our
strongest months, with 22 percent profit companywide. This trend appears to continue
for the foreseeable future because backlog is at an historic high.
Some have asked me about a compensation plan based on revenue generation or
sales. I feel it would create a culture of no collaboration in a service industry like
ours. It requires many human contacts to win projects. It also requires all three cycles
— marketing, business development, and production — to generate profit. When
everyone works as one, then fun and profitability start. Compensation based on
individual revenue generation or formula will not work in the long run. Research tells
us that human nature and team work dynamics are much more complex than formulas.
Also, this strategy doesn’t quite fit into our stated strategy in our business plan. It’s as
simple as that.
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Our business diversification strategy included expanding international
offices. This often requires significant investment, but this approach
always has brought us stability when the economy was down.
The New Zealand office’s profitability strengthened our balance sheet
when U.S. offices were down. The Haiti office carried the whole
company when the Great Recession hit in early 2010. We doubled the
size while everyone else was cutting back heavily at that time. Our
approach provides stability in our company and for our employees’
families in the long run.
While most of what’s happened in 2018 was expected under our
business plan, totally unexpected results or incidents also occur for
both good and bad. It is not about being lucky or unlucky. The question
is how we can take advantage of these opportunities and setbacks,
just like our previous setbacks drove us to reorganize and tap into the
strength of people and to diversify even further. It’s not opportunities
alone that push you forward.
Business planning is like drawing on a blank canvas. When you start to
draw, you know what you want the picture to look like, but it may end
up different based on inspirations along the way. Just like life.
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.
january 2019
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Awards, promotions, and new hires

on the rise

Jeff May

Curtis Sanno, P.E.,
CBSI

David Maune, Ph.D.,
PSM, PS, GS, CP, CFM

Duncan Hastie, P.E.

Brian Burkhart, P.E.

Connor McColloch,
P.E., CFM

Matthew Horton, P.E.

Lori Crossland

Blair Haynie

James Holzapfel, P.E.

Mathew Busby, P.E.

Mostafa Mobasher,
Ph.D.

Brian C. Gettinger,
P.E.

Karen G. Perez, P.E.

Jimmy Gibson, P.E.

Theo Chan, P.E.

Joseph Acosta

Olabisi Kenku
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Jeff May recently (re)joined Burns as a project manager. He is considered an expert in design and construction administration of airfield lighting systems
and power distribution systems, and has completed
major infrastructure development projects at John
F. Kennedy, Newark Liberty, LaGuardia, Chicago
O’Hare, Philadelphia, John Glenn Columbus, Raleigh-Durham, and Ronald Reagan Airports.
Dewberry promoted Curtis Sanno, P.E., CBSI, to
business unit manager in the firm’s Mechanicsburg,
Pa., office, working with clients in the areas of
highway, bridge, and transportation services. David
Tillar, P.E., joined the firm as branch manager of the
Pensacola, Fla., office. He has more than two decades
of experience in surveying, utilities, land development, structural engineering, and construction management. The National Oceanic and Atmospheric Administration reappointed Dewberry’s David Maune,
Ph.D., PSM, PS, GS, CP, CFM, to its Hydrographic
Services Review Panel, which provides independent
advice for improving a range of services and products
that support safe navigation and coastal resilience.
Dewberry promoted Duncan Hastie, P.E., to regional
branch manager for water resources, based in Atlanta.
He is responsible for managing approximately 50
professionals across eight offices nationally.
Brian Burkhart, P.E., rejoined Kleinfelder as a senior civil/water resources engineer in North Carolina.
He will focus on delivering sustainable water resources solutions to clients in the surface mining industry,
oil and gas sector, state and local government, and
industrial/commercial market in the Carolinas and
throughout the southeast U.S.
Connor McColloch, P.E., CFM, joined Neel-Schaffer, Inc. to serve as a senior project manager specializing in water resources for the firm’s Houston office.
He has more than eight years of experience providing
hydrologic and hydraulic studies for transportation
and civil engineering projects. Matthew Horton,
P.E., also joined the firm as a water/wastewater
engineer and project manager in the firm’s Jackson,
Miss., office. He has more than 11 years of industry
experience.
Lori Crossland joined McKim & Creed, Inc. as business development director of the firm’s Water Business
Unit in the Mid-Atlantic region. She holds leadership
positions in numerous organizations, including the
North Carolina American Water Works Association/
Water Environment Association, the American Public
Works Association of North Carolina, the American

Council of Engineering Companies of North Carolina, and the DBIA-SE Carolinas chapter.
James Holzapfel, P.E., joined the Midwest office of
Lockwood, Andrews & Newnam, Inc. (LAN) as a
senior project manager. He has more than 35 years
of design and management experience in the utility industry. Blair Haynie joined LAN as a regional
transportation manager, responsible for expanding
the firm’s transportation practice in Houston. He has
more than 35 years of experience as a transportation
executive in the public and private sectors. Mathew
Busby, P.E., joined LAN as a project manager, responsible for technical design and management of
general municipal infrastructure projects in North
Texas, including utilities, drainage, and neighborhood
streets efforts.
Mostafa Mobasher, Ph.D., a project engineer in
Thornton Tomasetti’s New York Wall Street office,
was invited by the U.S. National Academy of Sciences to participate in the sixth Arab-American Frontiers
of Science, Engineering and Medicine symposium.
Participation is by invitation only following a competitive selection process.
Wood established a new brownfield modifications
group in its Asset Solutions Americas business and
appointed Gilberto Ordonez as senior vice president
of brownfield solutions. Ordonez has extensive experience in engineering, procurement, and construction
project delivery, business development, project management, and other oil and gas related areas.
Freese and Nichols, Inc. (FNI), welcomed Brian C.
Gettinger, P.E., as a Tunneling Services leader. Gettinger will leverage his expertise to expand the firm’s
capabilities on complex underground excavation
projects, including water, wastewater, and stormwater
engagements, and transportation and other initiatives
requiring trenchless technology. Karen G. Perez,
P.E., joined FNI to lead the firm’s water, wastewater,
and stormwater expansion efforts in the El Paso, Texas metropolitan area. Across more than two decades
in the El Paso-Las Cruces region, Perez has built a
strong reputation for her expertise in leading rural and
municipal projects for water, wastewater, and stormwater systems; developing hydrologic and hydraulic
models; developing substation sites; and navigating
federal and state government funding and regulatory agencies. FNI welcomed Jimmy Gibson, P.E., a
nationally experienced environmental services senior
manager, to lead the firm’s Environmental Practice.
Gibson’s role will include expanding FNI’s capabili-

Dawson Bloom

Jamie Qualk

Michelle Piechowski

Jay Daniels

Bleu Alewine

Nick Wilson

Parker Meeks

Jonathan Lewis

Bruce McMahon

Christine Reynolds, P.E.

Chris Hitch, P.E.

Jonathan Daniels, EIT

Daniel Lenk

Eduardo Navarro, RA,
LEED AP BD+C

Robert Sulli

Savannah Tabor

Adam Lu

ties to provide full-service environmental consulting
services to clients. Theo Chan, P.E., rejoined FNI as
a senior project manager in the Transmission and Utilities Group, bringing extensive experience managing
water and wastewater treatment and utilities projects
from conceptual planning through construction.
McLaren Engineering Group expanded its New York
City leadership team with the additions of Joseph
Acosta as deputy director of marine engineering and
Olabisi Kenku as regulatory lead. Acosta has 22
years of experience as a commercial diver, performing above and underwater inspections, environmental
monitoring, construction, construction supervision,
and project and client management. Kenku, an environmental engineer, has more than a decade of experience in project management and ecological conservation, with expertise in water resources management,
shoreline restoration, resiliency, and environmental
impacts. Also at McLaren Engineering Group, Dawson Bloom joined as civil technical director and Michelle Piechowski as senior vice president of human
resources. Bloom’s specialties include transportation
planning and design, site development, utility and
infrastructure design, urban planning and design, municipal engineering, and construction management.
Piechowski has experience in building successful
teams and leading organizational matters within both
public and privately held companies.
WSP USA appointed Jamie Qualk as vice president in its San Francisco office. He will leverage
his expertise working with Fortune 500 companies,
professional sports franchises, federal and state governments and other institutional clients to help grow
WSP’s business in the Bay Area.
Jay Daniels joined Thomas & Hutton’s Civil Department as a designer and will assist in developing site
development construction drawings and engineering
design considerations for water, sewer, and storm
drainage infrastructure for residential, commercial,
and industrial projects. Bleu Alewine joined Thomas
& Hutton’s Survey Department as a staff surveyor,
providing land surveying services including boundary and topographic surveying and mapping. Nick
Wilson joined Thomas & Hutton’s Environmental
Department as a Designer and will provide water
and wastewater engineering services to clients in the
Atlanta market.
TRC appointed Parker Meeks president of its Infrastructure Sector. Meeks has deep expertise driving
both capital project execution and ambitious strategic growth programs across the design/construction
landscape, supporting a range of projects and capital

programs worth up to $10 billion.
HDR expanded its aviation practice with a promotion
and key hire. The firm promoted Fort Lauderdale,
Fla.-based Tim Fish, P.E., to East region aviation
manager, and Kevin Ashton, AIA, LEED AP BD+C,
NCARB, joined the firm’s transportation architecture
practice as an aviation architecture principal based
in New York City. Fish will lead development of the
firm’s aviation practice, focusing on expanding full
service capabilities in the region. Ashton will lead
business and project development to serve aviation
clients in the Northeast.
Wiss, Janney, Elstner Associates, Inc. announced
three promotions to principal. Jonathan Lewis,
principal and unit manager in Chicago, is a structural
engineer who has performed structural analyses and
assisted in the development of repairs for multiple notable structures across the country. Bruce McMahon,
principal in Dallas, is experienced in investigation,
analysis, and design of corrective measures to mitigate
problems with the integrity of all aspects of building
envelopes. Christine Reynolds, P.E., principal in
Washington, D.C., focuses on repair, restoration, and
adaptive reuse of historic structures and buildings,
with a particular focus on the exterior envelope.
Chris Hitch, P.E., joined raSmith in Brookfield,
Wis., as a senior project manager within the firm’s
land development services division. He has 20 years
of experience providing site planning, design, entitlement, and construction support services to the land
development industry.
Stantec welcomed two professional engineers to its
growing water practice in the Southeast U.S. Civil
and environmental engineer Hayden Hoggard, P.E.,
joined the firm’s Charlotte, N.C., office. He has expertise in pipeline infrastructure, water resources,
and project management for utility, industry, and municipal clients. Marie Mohsen, P.E., joined Stantec’s
Asheville, N.C., office as a water resources engineer.
She has extensive municipal engineering experience,
most recently with the City of Asheville, including
design and project management related to waterlines,
sewer lines, and treatment plant operations.
Passero Associates welcomed six new employees:
Jonathan Daniels, EIT, as civil engineer II; Daniel
Lenk as landscape architect I; Eduardo Navarro,
RA, LEED AP BD+C, as project architect III; Robert Sulli as architectural designer I; Savannah Tabor
as office administrator; and Adam Lu as a civil engineering co-op/intern.
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events
january 2019
Building Innovation 2019 Conference & Expo
Jan. 7-10 — Washington, D.C.

Examine processes, communities, workforces, structures, resources,
practices, communications, and collaboration aimed at “Optimizing for
Tomorrow.”
www.nibs.org/page/Conference2019

2019 TRB Annual Meeting
Jan. 13-17 — Washington, D.C.

Meeting program will cover all transportation modes, with more than
5,000 presentations in nearly 800 sessions and workshops.
www.trb.org/AnnualMeeting/AnnualMeeting.aspx

International LiDAR Mapping Forum
Jan. 28-30 — Denver

Technical conference and exhibition showcasing the latest airborne,
terrestrial, and underwater LiDAR as well as emerging remote-sensing
and data-collection tools and technologies.
www.lidarmap.org

February 2019
Geosynthetics Conference
Feb. 10-13 — Houston

More than 1,300 geotechnical practitioners, designers, regulators,
contractors, and installers gather to learn the latest research, materials,
applications, and case studies.
https://geosyntheticsconference.com

ASCE Week International
Feb. 11-15 — Panama City, Panama

A continuing education event with seminars and a technical tour
providing as many as 35 PDHs.
www.asceweekinternational.org

4th Annual FAA Unmanned Aircraft Systems Symposium
Feb. 12-14 — Baltimore

PCI Convention
Feb. 26-March 2 — Louisville, Ky.

Precast/Prestressed Concrete Institute 2019 Convention includes
education sessions, committee and council meetings, and The Precast
Show exhibition. National Bridge Conference and all peer-reviewed
paper presentations are moved to the PCI fall conference.
www.pci.org/convention

March 2019
Successful Successor Seminar
March 13-15 — New Orleans

Discuss issues facing newcomers to the c-suite and individuals who are
preparing to take on a high-level management role in today’s
AEC firm.
www.eventsquid.com/event.cfm?id=4827

Excellence in Project Management
March 27 — Kansas City, Mo.

Tutorial and case study workshop sessions present critical areas every
project manager should know from the perspective of architecture,
engineering, and environmental consulting firms.
www.eventsquid.com/event.cfm?id=5286

April 2019
NASCC: The Steel Conference
April 3-5 — St. Louis

Educational and networking event for the structural steel industry,
bringing together structural engineers, structural steel fabricators,
erectors, detailers, and architects.
www.aisc.org/nascc

Design-Build for Transportation & Aviation
April 8-10 — Cincinnati

Only U.S. event targeted to the rapidly growing design-build
transportation industry.
https://dbia.org/conferences/design-build-for-transportation-conference

Attendees will hear directly from Federal Aviation Administration
(FAA) officials, government agencies, industry, and academia on how
unmanned aircraft systems challenges are being tackled today and what
to expect in the future.
www.auvsi.org/events/faa-uas-symposium-2019

Design-Build for Water/Wastewater
April 10-12 — Cincinnati

IECA Annual Conference
Feb. 19-22 — Denver

CEO Roundtable Retreat
April 24-25 — Scottsdale, Ariz.

Learn the latest updates and advancements in the erosion and sediment
control and stormwater industry and gain insight to critical issues facing
the profession.
www.eventscribe.com/2019/IECA
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Targeted conference for owners and design-build practitioners in the
water and wastewater sectors.
www.dbwater.com

Presentations and one-on-one interaction with industry experts and
ample networking time and candid conversation to gain new ideas, new
tools, and new friends.
www.eventsquid.com/event.cfm?id=5196

The Principals Academy
April 24-25 — Dallas

SPAR 3D and AEC NEXT Technology Expo + Conference
May 21-23 — Anaheim, Calif.

Structures Congress 2019
April 24-27 — Orlando, Fla.

Leadership Skills for AEC Professionals
May 22-23 — San Diego, Calif.

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.
www.eventsquid.com/event.cfm?id=5193

Learn the latest from the experts who develop SEI/ASCE standards and
earn PDHs from 12 tracks of technical sessions — Buildings, Bridges,
Natural Disasters, Professional Practice, Risk Management, Blast,
Materials, Seismic, Forensics, and more.
www.structurescongress.org

AUVSI XPONENTIAL
April 29-May 2 — Chicago

Join 8,500 technologists, regulators, and users across commercial and
defense sectors for a comprehensive trade show for unmanned and
autonomous systems.
www.xponential.org/xponential2019

AEC BuildTech
April 30-May 2 — Rosemont, Ill.

Inaugural event intended for architects, engineers, and contractors to
learn about new building technologies and processes and how to apply
them. Offers continuing education credits.
www.aecbuildtech.com

May 2019
WEF Stormwater and Green Infrastructure Symposium
May 8-10 — Fort Lauderdale, Fla.

Inaugural symposium crafted to deepen the technical knowledge of
professionals involved with stormwater management and provide
forums to discuss leading issues.
https://wef.org/events/conferences/upcoming-conferences/stormwaterand-green-infrastructure-symposium-2019

P3Connect
May 15-16 — Denver

Co-located conferences feature 3D technologies from input to output,
from 3D sensing to 3D processing to 3D visualization tools, plus the
latest trends and best practices to help design, construct and manage
AEC projects.
www.spar3d.com/event
www.aecnext.com

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.
www.eventsquid.com/event.cfm?id=5284

june 2019
Second International Interactive Symposium on Ultra-High Performance
Concrete
June 2-5 — Albany, N.Y.

Innovation Awards and a platform to present recent Ultra-High
Performance Concrete activities, research, and breakthroughs, as well
as an opportunity to participate in hot topic panel discussions.
www.uhpcsymposium.com

The Principals Academy
June 5-6 — Seattle

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.
www.eventsquid.com/event.cfm?id=5198

International Bridge Conference
June 10-13 — National Harbor, Md.

Presented by the Engineers’ Society of Western Pennsylvania, 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

National Conference for Public-Private Partnerships offers this event
for public-sector officials and private-sector innovators focused on
advancing public-private partnerships (P3s) nationwide.
https://thep3connect.org

Introduction to Structural Design of Wood Buildings per the 2018 NDS
May 21-22 — Blacksburg, Va.

Course is designed for individuals who never had the opportunity to
learn wood design basics in a university-level course, but are involved
in the design, construction, and inspection of wood buildings.
www.cpe.vt.edu/sdwnds/index.html
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Rising stars in civil +
structural engineering
Nomination period opens for 2019 awards.
Civil + Structural Engineer is seeking nominations for its eighth annual
Rising Stars in Civil + Structural Engineering, recognizing younger
professionals whose exceptional technical capability, leadership ability, effective teaching or research, or public service has benefited the
civil or structural engineering professions, their employers, project
owners, and society. The rules are the same as in previous years:
• Nominees must be 40 years of age or younger as of Dec. 31, 2018, and
working in the United States as a civil or structural engineer for a privatesector company (or self-employed), public agency (i.e., federal, state, county,
or city), military, non-profit organization, or educational or research institution. Self-nominations are acceptable.
• Nominees should have a record of demonstrated exceptional ability and
professional accomplishments related to civil or structural engineering in one
or more of the following capacities: project design; management; leadership;
teaching; research; and/or public service.
• All nominations must be made online at https://zweiggroup.myshopify.
com/products/2019-rising-stars-nomination. Nominations must provide the
following information:
1. Category — civil engineering or structural engineering.
2. Nominee’s information, including name, credentials/certifications
(i.e., P.E., S.E., LEED AP, etc.), title, employer, city, state, email address, and age as of Dec. 31, 2018.
3. Nominee’s degree(s) earned, including school(s) and major(s).
4. Nominee’s professional accomplishments — Describe the nominee’s demonstrated ability and specific accomplishments related to
civil engineering or structural engineering in one or more of the following capacities: project design; management; leadership; teaching;
research; and/or public service.
5. Significant projects the nominee has been involved with and the
nominee’s role in each.
6. Describe the nominee’s involvement, if any, with professional organizations (local, state, regional, or national), community groups, and/
or public service.
7. Name and email address of person submitting the nomination.
• Each nomination should include a publication-quality digital photo (jpg or
tiff file) of the nominee — 2 by 3 inches or larger at a resolution of 300 dpi.
The image file name should include the nominee’s name.
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• The nomination period closes at midnight (Eastern Time) on March. 12,
2019.
• Any private-sector company, public-sector agency, military unit, non-profit
organization, or educational or research institution may submit a maximum
of four nominations in each category — civil engineering and structural
engineering.
• There is no charge for submitting nominations or for any engineer selected
as a Rising Star to be featured in the Civil + Structural Engineer article,
scheduled for the May 2019 issue.

Selection process

• All completed nominations submitted by the deadline will be considered
by judges representing Civil + Structural Engineer magazine and/or Zweig
Group. Nominees with incomplete nomination forms may not be considered
in the selection process.
• Rising Stars in Civil + Structural Engineering will be selected from the
nominations at the discretion of the judges based solely on the information
submitted.
• Nominees selected as Rising Stars in Civil + Structural Engineering will be
notified via email on or before May 1, 2019.
Two important notes: 1) Rising Stars in Civil + Structural Engineering
are selected exclusively from the nominations received; and 2) selection is based entirely on the information contained in the nomination.
So, please take some time to consider the younger, highly skilled and
hard-working civil and structural engineering professionals you know
who deserve recognition — and then submit a nomination at
https://zweiggroup.myshopify.com/products/2019-rising-stars-nomination.
Contact Bob Drake at bdrake@zweiggroup.com if you have any questions.






The Successful Successor roundtable is an exclusive event for incoming
strategic leaders of firms and newly-minted strategic leaders of these
firms. The purpose of this seminar is to discuss the highest-level issues
facing newcomers to the c-suite and to individuals who are preparing
to take on a high level management role in today’s AEC firm. This twoday event includes educational and networking sessions in an upscale
setting and is part of Zweig Group’s new Experience Education series.

New Orleans - March 13-14, 2019
zweiggroup.com/seminars/successful-successor-seminar/

As part of the firm’s TT Gives Back initiative, a team of 10 Thornton Tomasetti engineers from six offices traveled to Boca de Lura in Panama’s Coclé Province for an
international service mission, partnering with Bridges to Prosperity to help provide a crucial passage over the Lura River for area residents. Photo: Max Ducey

Mission of missions

efforts. The directory may be made available upon request to qualified
parties including local, state, and federal agencies.

Organizations offer civil and structural engineers opportunities
to serve throughout the world.

Build Change (www.buildchange.org) designs disaster-resistant
houses and schools in emerging nations and trains builders, homeowners, engineers, and government officials to build them. The group uses
detailed housing subsector studies to determine the most cost-effective
ways of building earthquake-resistant houses using materials and skills
that are available through the local private sector. Build Change leverages the knowledge and skills of the best engineers and architects in
the world — both in the U.S. and the developing world — to apply
the best designs and design thinking to reconstruction efforts while
sticking to a carefully compiled list of criteria for local sustainability
and acceptance.

Following is a list of non-profit organizations that may offer opportunities for civil and structural engineers to apply their knowledge, skills,
and experience in short- and long-term projects serving poor or developing areas around the world, or to support disaster recovery or aid efforts related to civil and structural engineering. The list provides basic
information gleaned from each organization’s website. Those seeking
service opportunities or desiring to support such activities should contact the appropriate organizations directly for additional information.
ASCE Disaster Assistance Volunteer Program (http://ciasce.asce.
org/asce-disaster-assistance-volunteer-program) is an effort by the
American Society of Civil Engineers’ Committee on Critical Infrastructure to develop a directory of members interested and available to
participate in disaster management activities (planning, preparedness,
response, and recovery) in the event of natural and man-made disasters
requiring engineers for planning, damage assessment, and rebuilding
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Bridges to Prosperity (www.bridgestoprosperity.org) teaches communities how to build footbridges over impassable rivers, in partnership with organizations and professionals. State-of-the-art technologies are fused with local construction techniques to develop locally
appropriate bridge designs and material alternatives. Project sites also
are considered training grounds to help local communities eliminate
poverty caused by isolation from health care, education, and market
opportunities.

Bridging the Gap Africa (www.bridgingthegapafrica.org) works with
marginalized groups in sub-Saharan Africa to build bridges that provide
people with safe crossings of dangerous rivers, gullies, and ravines that
threaten their safety, limit their access to education and health care, and
restrict economic opportunity. Using materials that are accessible in
Kenya, the organization works with community leaders to involve local men and women in gathering sand and rock for the bridge footings
and in raising their portion of the cost to build their footbridge. Then,
utilizing local labor and volunteers, Bridging the Gap Africa provides
technical expertise and financial assistance to design and construct a
safe and secure pedestrian footbridge.
Community Engineering Corps (www.communityengineeringcorps.
org), an alliance between ASCE, the American Water Works Association (AWWA) and Engineers Without Borders USA (EWB-USA), uses
the expertise of volunteer engineers to help underserved communities
in the United States that do not have the resources to access engineering services meet their infrastructure needs and improve each community member’s quality of life.
El Porvenir (EP; www.elporvenir.org) assists people in rural communities in Nicaragua to improve their living standards through sus-

tainable development in clean water, sanitation, health education, and
watershed management. EP has 25 years of experience helping rural
Nicaraguan communities build appropriate technology (wells, latrines,
community washing stations, and fuel-efficient stoves), as well as
providing communities with the tools they need to manage their water,
sanitation, and forestry resources. Service groups spend the majority of
their time (one to two weeks) working alongside villagers on sustainable development projects.
Engineering Ministries International (EMI;
https://emiworld.org/us) is a Christian development organization that
designs facilities that serve the poor in developing countries, including
hospitals, orphanages, schools, and clean water projects. To produce its
designs, EMI blends its team of in-house project managers with volunteer architects, engineers, land surveyors, and construction managers recruited from around the world. Volunteers donate their time and
travel costs. Since 1982, EMI has worked on more than 1,000 relief
and development projects in more than 90 countries.
Engineers for a Sustainable World (www.eswglobal.org) mobilizes
students and professionals through education, technical projects, and
collaborative action to impact local and global sustainability challeng-

An Engineering Ministries International design team, including volunteer engineers from Texas, California, Arizona, and Colorado, traveled to Malawi to develop a master plan
for a teaching hospital. Source: Robert Donahue, AIA, LEED AP, Lockwood, Andrews & Newnam, Inc.
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es. Boasting 50 chapters, predominately at universities across North
America, as well as a network of professionals interested in sustainability, ESW is involved in sustainability promotion and development
activities on university campuses and in projects across the world.
Engineering for Change (www.engineeringforchange.org) prepares,
educates, and activates the international engineering workforce to improve the quality of life of underserved communities around the world
by providing resources and platforms that accelerate development of
impactful solutions and ensure public health and safety.
Engineers Without Borders (EWB; www.ewb-usa.org) partners with
developing communities worldwide to improve their quality of life.
This partnership involves implementation of sustainable engineering
projects while involving and training internationally responsible engineers and engineering students. EWB-USA, with more than 14,700
members, is involved in projects — including water, renewable energy,
and sanitation — in 43 developing countries. These projects are completed in partnership with local communities and non-governmental
organizations.
GISCorps (www.giscorps.org) is an Urban and Regional Information
Systems Association program that coordinates short-term, volunteerbased GIS services to underprivileged communities. GISCorps seeks
to help improve life quality by supporting humanitarian relief, enhancing environmental analysis, encouraging/fostering economic development, supporting community planning and development, strengthening
local capacity by adopting and using information technology, and supporting health- and education-related activities through the effective
use of spatial information technologies.
Global Water (www.globalwater.org) is a volunteer-based, international humanitarian organization focused on providing safe water supplies, sanitation and hygiene facilities, and related health programs for
rural villagers in developing countries. Global Water’s Rural Outreach
Water Supply Program works with local, non-governmental organizations in a developing country to identify suitable water projects and
to provide specialty water-related equipment, technical expertise,
and partial funding. Global Water may assemble Water and Technical
Emergency Response (WATER) Teams to perform project work during
emergency events such as natural disasters.
Habitat for Humanity (www.habitat.org) is an ecumenical Christian
ministry that seeks to eliminate poverty housing and homelessness
and to make decent shelter a matter of conscience and action. The
organization invites people of all backgrounds, races, and religions
to build houses together in partnership with families in need. Habitat
for Humanity works worldwide and has helped more than 5 million
people construct, rehabilitate, or preserve homes since 1976. Its Disaster Response program also works with local communities to address a
variety of housing needs after natural disasters.
International Code Council (ICC) Disaster Response Network
(www.disasterresponse.org) provides building safety professionals
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an opportunity to volunteer to help affected jurisdictions with building damage assessment, building inspections, and other code-related
functions following a disaster. ICC provides a list of volunteers upon
request from an affected jurisdiction or its agencies or departments.
Volunteers do not represent ICC and all matters related to services are
arranged between the volunteer and the jurisdiction requesting help.
Lifewater International (www.lifewater.org) is a Christian development organization that works in Africa and Asia to eliminate
water-borne disease and inadequate access to water. With a focus on
sustainability, Lifewater helps communities gain safe water, adequate
sanitation, effective hygiene, and the skills they need to pass on these
resources to future generations.
EPICS University (http://epicsnational.ecn.purdue.edu), founded at
Purdue University in 1995, is a unique program in which teams of
undergraduates from a variety of majors design, build, and deploy
systems to solve engineering-based problems for local community
service and education organizations. Projects are in four broad areas:
human services, access and abilities, education and outreach, and the
environment. Student teams are advised by faculty, staff, and engineers
from local industry. Currently, there are 23 universities in the EPICS
University program.
Operation Blessing International (OBI; www.ob.org) is dedicated to
demonstrating God’s love by alleviating human need and suffering in
the United States and around the world. One of the largest charities in
America, OBI provides strategic relief in 37 countries on an ongoing
basis through core programs such as disaster relief, health and medical
care, hunger relief, vulnerable children and orphan care, safe water,
and community development. Volunteers, including structural engineers, are a key component of OBI’s disaster relief efforts.
Pure Water for the World (www.purewaterfortheworld.org) provides
sustainable safe drinking water filtration systems, latrines, and hygiene
education to families and communities in developing countries. Pure
Water is currently active in Honduras, and Haiti. Its program includes
educating people about what it takes to protect clean, safe drinking
water so that it does not become contaminated and then implementing the purification method that best meets the needs of the people or
community.
Water For People (www.waterforpeople.org) assists people in developing countries to improve quality of life by supporting development of
locally sustainable drinking water resources, sanitation facilities, and
hygiene education programs. Water For People has been designated by
the American Water Works Association as its charity of choice and is
endorsed by the Water Environment Federation, the Water Quality Association, the National Association of Water Companies, the National
Association of Clean Water Agencies, the Association of Metropolitan
Water Agencies, and other sectors of the North American water community, including manufacturing and consulting engineering companies. The World Water Corps is Water For People’s volunteer program.
World Water Corps volunteers engage in activities such as mapping to

provide baseline data for development, monitoring the functionality of
past projects, and evaluating overall program effectiveness.
Water Missions (www.watermission.org) is a Christian engineering
ministry providing sustainable safe water solutions to people in developing countries and disaster areas. WMI designs and customizes
sustainable safe water and sanitation solutions to meet the needs of
individual communities. It also partners with the recipient community
throughout the process of implementing a project. Following installa-

tion and implementation, WMI staff monitor and evaluate the project
and follow-up with the community to ensure projects’ sustainability
and success.

Are you involved with or aware of other national or international organizations
that offer service opportunities for civil and structural engineers? If so, please
email a brief description of the organization to Bob Drake at 		
bdrake@zweiggroup.com.

A team of 10 volunteers from Louis Berger and American Bridge worked with Bridges to Prosperity to construct a pedestrian footbridge in the Veraguas province of Panama.
The new 290-foot-long suspension bridge provides nearby communities with safe, year-round access to markets, schools, and medical facilities.
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Autodesk University 2018
Software and technology advancements unlock
‘the opportunity of better.’
Autodesk University 2018, held in mid-November in its usual Las Vegas venue, attracted more than 11,000 attendees for a wide range of
classes, technical sessions, a large exhibition, and several keynotes.

In the opening keynote, Autodesk CEO Andrew Anagnost provided
his perspective on automation, the changing nature of work, and how
technology can unlock opportunities to do more, better, with less negative impact on the world. He proposed that technology offers “the opportunity of better,” automating repetitive tasks and allowing designers
to focus their energies on creative solutions.
“[We] shouldn’t be concerned about our jobs going away but how our
jobs are changing,” he said.

BIM 360 updates

Autodesk used the gathering to highlight several software advancements for the architecture, engineering, and construction (AEC) industry. During the last year, Autodesk BIM 360 advancements included
33 releases, more than 130 features, and 60 new software integrations.
Impacted workflows include the following:
• project controls, including creation, management, and tracking of RFIs and
submittal items and packages;
• document distribution, with set management and approval workflows, that
gets the right information to the right people with full transparency of who
did what and when;
• controlled Revit cloud work-sharing and curated package delivery to reduce friction across project teams;
• coordination with automated clash detection that helps teams identify and
resolve potential issues around design iterations;
• quality and safety inspections and punch lists, with customizable templates
and issue attributes to capture the information needed to keep jobs on track;
• coordination between the office and jobsite with Desktop Connector and a
unified BIM 360 app for iOS and Android phones and tablets; and
• surfacing important status updates and required actions to the project
team with Project Home, and robust reports to track all project activity and
progress.
At Autodesk University 2018, the company announced support for
Cost Management, which brings contracts, budgets, and change order
management into the BIM 360 platform. This module was expected to
be offered as a limited availability pre-release in December.
Built on the Forge platform, BIM 360 fosters a collaborative development environment, Autodesk said. Forge tools can help companies
build applications that tap into their design and engineering data. Since
introduction of the BIM 360 Integration Partner Program last year,
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New cost management capabilities in BIM 360 add powerful change management
workflows and reduce risk by enabling teams to manage all cost-related
construction activities in a single software experience, providing real-time visibility
into the financial health of the project.

Autodesk said that the 60 new software integrations brought the total
construction partner ecosystem to more than 100 partners.
Additionally, Autodesk’s acquisition of Assemble Systems provides
a SaaS solution that enables construction professionals to condition,
query, and connect BIM data to key workflows across bid management, estimating, and scheduling.
BIM 360 now offers:
• ability to assign clashes as an issue in BIM 360 and notify project team
members that action is needed;
• ability to “close” clashes that do not need to be addressed (for reasons
such as minimal overlap, addressing them in the field, etc.);
• new filtering and grouping of aggregated models; and
• new viewer tools for multi-model viewing to help understand and resolve
coordination issues.

Real-time 3D

Autodesk and Unity Technologies have been collaborating to provide
tighter integration between Unity’s platform and Autodesk’s design
tools, including 3ds Max and Maya, to provide “one click” access to
rich, interactive 2D, 3D, virtual reality, and augmented reality experiences.
First integrations stemming from the collaboration are expected to
launch next fall (2019). According to the companies, future integrations will enable Revit users to turn Revit models into an immersive
experience with one click.
“Customers will be able to see everything in context, in real-time, so
you can identify mistakes, drive consensus, and visualize the project
before the first yard of concrete is poured,” said John Riccitiello, CEO,
Unity Technologies.

AEC Excellence Awards

Autodesk announced and celebrated the winning small-, medium-, and
large-sized projects in the categories of Infrastructure Design, Building
Design, and Construction. The company also honored the winner of a
new category for 2018 — Innovator of the Year.
The sixth annual Autodesk AEC Excellence Awards were co-sponsored by HP, Construction Dive, and Smart Cities Dive. For this year’s

Medium project ($20 million-$200 million) — Brown University,
Engineering Research Center in Rhode Island, by KieranTimberlake,
BuroHappold Engineering, Shawmut Construction (www.autodesk.
com/solutions/bim/hub/aec-excellence-2018/building/medium). The
project was one of the first institutional labs in the country delivered
using the integrated project delivery (IPD) model, in which the client, architect, engineers, and contractor are all responsible for project
development, stakeholder engagement, and project management aimed
at an on-time, on-budget project.

Since the introduction of the BIM 360 Integration Partner Program last year,
Autodesk has added 60 new software integrations, bringing the total construction
partner ecosystem to more than 100 partners.

awards, an independent, global panel of judges evaluated 256 submissions from 40 countries and subsequently narrowed them down to the
finalists and winners.
Winners in each category are listed below with links to additional
information.

Infrastructure Design

Small project (less than $100 million) — MIB-micro scale urban
planning methodology in Antioquia, Colombia by Empresa Desarrollo
Urbano de Medellin (EDU; www.autodesk.com/solutions/bim/hub/
aec-excellence-2018/infrastructure/small). EDU used Autodesk BIM
tools to plan safer communities for people living in mountainous areas
at high risk of dangerous landslides.
Medium project ($100 million-$500 million) — The WuhanXiangyang-Shiyan Railway in Hubei, China by China Railway Siyuan
Survey and Design Group (www.autodesk.com/solutions/bim/hub/
aec-excellence-2018/infrastructure/medium). The high-speed rail line
required the collaboration of more than 50 experts in tunnel, bridge,
station, and rail-line design.

Large project (more than $200 million) — Stavanger University Hospital-SUS 2023 in Rogaland, Norway by Nordic-Office of
Architecture, COWI (www.autodesk.com/solutions/bim/hub/aecexcellence-2018/building/large). The project team — comprising two
architecture firms, two structural engineering firms, MEP teams, and
specialist consultants for fire and acoustic — were spread across Norway, requiring efficient, effective communication and collaboration to
meet project goals.

Construction

Small project (less than $100 million) — Baptist Health MD Anderson Cancer Center in Florida, by Miller Electric Company (www.
autodesk.com/solutions/bim/hub/aec-excellence-2018/construction/
small). At the height of the construction process in September 2017,
the construction team confronted a potential schedule buster — a hurricane. As Hurricane Irma headed toward Florida, Miller Electric used
precise BIM plans for the project and rapidly changed them to account
for impacts from the approaching storm.
Medium project ($100 million-$500 million) — The University of
Virginia Health System University Hospital Expansion in Virginia,
by Skanska USA (www.autodesk.com/solutions/bim/hub/aec-excellence-2018/construction/medium). Skanska USA, and design team
Perkins+Will, used 3D construction models linked to schedules to
deliver the project safely and to keep the hospital’s helipad — located
30 feet from construction cranes — in normal operation for 22 months.

Large project (more than $500 million) — The Parallel Line of the
Fourth Diversion Expressway in Chongqing, China by Chongqing Municipal Research Institute of Design, Chongqing City Construction Investment (Group), Chongqing City Construction Development (www.
autodesk.com/solutions/bim/hub/aec-excellence-2018/infrastructure/
large). The team used BIM tools to help integrate workflows as they
planned and designed the complex project, which includes seven interchanges — one of which intersects eights roads and contains 35 ramps.

Building Design

Small project (less than $20 million) — Office Building Extension
eGHA in Zurich, Switzerland by Basler & Hofmann AG (www.autodesk.com/solutions/bim/hub/aec-excellence-2018/building/small).
The project is one of the few in Switzerland to fully embrace BIM
for the full life cycle, and represents a revolution in the company’s
approach to design, planning, and delivery.

A 3D planning map for Medellín, Columbia, helps plan safer communities for people
living in mountainous areas at high risk of dangerous landslides.
Image: courtesy Empresa de Desarrollo Urbano
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Large project (more than $500 million) — Clonee Facebook Data
Centre in Dublin, Ireland by Mace Group (www.autodesk.com/solutions/bim/hub/aec-excellence-2018/construction/large). Supported by
100 percent wind energy, the Clonee Data Centre includes a pair of
25,000-square-meter data halls. Cloud-based clash detection using
design models allowed the entire project team to review and address
issues and adopt lessons learned from previous phases.

Innovator of the Year
A cloud-enabled, connected BIM approach provided close collaboration between
architects, engineers, the construction manager, trade partners, and faculty
members for the Brown University Engineering Research Center in Rhode Island.
Image: courtesy of KieranTimberlake and BuroHappold Engineering

Supported by 100 percent wind energy, the Clonee Data Centre includes a pair of
25,000-square-meter data halls. Image: courtesy of Mace Technology Ireland

Zhibing Mao, chief engineer, China State Construction Engineering
Corporation Limited and president of China Construction Engineering
Design Group (www.autodesk.com/solutions/bim/hub/aec-excellence2018/innovator-zhibing-mao). A champion of BIM since 2009,
he has relied on BIM solutions and processes to improve planning,
design, and construction on a range of projects. Research teams led by
Mao have applied BIM for design on more than 200 projects and for
construction on more than 2,800 projects. In all, he has trained some
32,000 people in the building industry on how to improve design and
building with BIM. He is also the chief editor of China BIM Standard,
where he presided over creation of the country’s first national standard
for BIM use in construction. Mao is a leading voice for using the Internet of Things at scale in civil engineering and infrastructure projects. In
2016, using a smart project life cycle monitoring platform developed
by his team, he oversaw safe completion of Line 9 of the Shenzhen
Metro, with just 5 millimeters of variation from the model and no damage to buildings above the construction.
Information provided by Autodesk (www.autodesk.com).

Construction technology as
a competitive advantage
Increasingly economical and focused software can overcome
barriers to adoption.
By Sergey Sundukovskiy, Ph.D.

Technology is driving competitive success and structural change in

the engineering and construction (E&C) sector. To capitalize on the
competitive advantage that technology can offer, engineering and construction companies need to act quickly or be left behind.

Return on investment

According to “Shaping the Future of Construction,” a report commissioned by the World Economic Forum, the E&C sector has been slower
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Best-of-breed apps for daily reporting from the field can run on common mobile
devices such as smartphones.

tance or perceived learning curve to use it. The construction software
market has responded by developing a diverse ecosystem of applications, from all-in-one enterprise packages to best-of-breed solutions
that target specific workflows or pain points.
Best-of-breed apps can address daily management duties, including
incident reporting, productivity measurement, time and materials
tracking, or dispatch and scheduling. They often take the form of applications that can run on common mobile devices such as smartphones
instead of being confined to laptops or PCs.
Data generated in daily reports — from photographs to documentation of weather
delays or safety incidents — can be stored in a secure and easily accessible
database in the cloud.

to adopt and adapt to new technologies than other global industrial
sectors. A historically conservative approach to project design and
delivery has hindered productivity increases.
This has begun to change. For decades, the construction industry has
had the lowest spend on technology among all other industries — 1.2
percent of revenue; however, industry leaders have begun to realize
that technology spend is no longer a cost-center, but rather a profit
center in a number of different areas.
Even a modest increase in productivity across the industry through
adoption of innovative technologies would have far-reaching economic
effects, according to “Reinventing Construction Through a Productivity Revolution,” a McKinsey Global Institute report. According to the
report, “If construction-sector productivity were to catch up with that
of the total economy (i.e., by increasing productivity growth by 1.8 percent) — and it can — this would boost the sector’s value added by an
estimated $1.6 trillion, adding about 2 percent to the global economy,
or the equivalent of meeting about half of the world’s infrastructure
need. One-third of the opportunity is in the United States.”

Improving performance

In the crowded E&C sector, the slightest competitive advantage can
make the difference in securing a multi-million-dollar contract. A track
record of performance matters, but designers and contractors face industry pressures such as skilled labor shortages and growing project
complexity that make it increasingly difficult to meet time and budget
milestones.
Contributing to the problem is that old-fashioned management tools
are not adequate to meet the demands of modern project governance.
Often, firms rely on a manual spreadsheet or paper-based management activities that do not accommodate the complexities of projects
and cannot keep up with the need for real-time information. To stay
competitive, E&C companies must break away from the legacy penand-paper management of the past. Increasingly, firms are opting to
implement easy-to-use construction software for daily reporting and
project management.

Overcoming barriers

Still, E&C firms face two main barriers to adopting new technology:
the investment required to purchase and implement it and the resis-

Gathering data

Project management is only as good as the data available. Old-fashioned reporting tools are prone to errors and omissions. Cloud-based
construction monitoring software can make it easier to document all
the data points during the entire life cycle of a project, reported in
real-time from the field. The data generated in daily reports — from
photographs to documentation of weather delays or safety incidents —
can be stored in a secure and easily accessible database in the cloud.
Team members can be automatically informed of changes and issues
as soon as they are reported from the field, allowing problems to be
addressed immediately. Construction monitoring software reduces errors and can improve communication with stakeholders, keeping them
informed of project progress or delays.

RFP advantages

Technology can enhance the request for proposal (RFP) process, increasing the chance of successful contract awards. The data collected
through construction-monitoring applications can be fed into bid management software, automating and increasing the accuracy of job costs
and overall estimates.
These software packages can strengthen a traditional weakness of
construction firms — properly recording and managing subcontractor
data. Depending on emails and spreadsheets to keep track of subcontractor activities makes it difficult to compile accurate data on the
performance and compliance of subcontractors. Storing the data in a
secure, accessible cloud-based database eliminates the need to spend
hours compiling, curating, and updating subcontractor information
needed for bid packages.

Summing it up

E&C companies have a simple choice: They can embrace technological change to enhance their competitiveness and productivity or stick
with old-fashioned management and production techniques that no
longer meet the needs of the marketplace. The evolving construction
software market is responding to the needs of the industry by developing increasingly economical and focused solutions that can overcome
the barriers to technological adoption.
SERGEY SUNDUKOVSKIY, PH.D., is co-founder and chief technology and product
officer for Raken (www.rakenapp.com), based in San Diego. Raken offers a daily
reporting app for the construction industry and introduced a Time Cards product
that relieves construction managers of the administrative burden of paper-andpencil time tracking.
january 2019

csengineermag.com

25

Completed footbridge in Rwanda. Source: Bridges to Prosperity; Photo: Collin Hughes

Offline tools help build
Bridges to Prosperity
Construction management software system leverages Salesforce
with the addition of apps.
By Elaine Chang

An estimated 900 million rural dwellers worldwide do not have ad-

equate access to a formal transport system, according to The World
Bank Group. As a result, they may be forced to cross makeshift bridges
spanning canyons and rivers or ford fast-moving water on foot to travel
to school, visit a medical clinic, or walk to work.
Bridges to Prosperity (B2P; https://bridgestoprosperity.org) is seeking
to solve this rural isolation and its economic consequences
(www.engineeringforchange.org/news/how-engineering-bridges-cansave-developing-communities) by building sturdy new footbridges
and scaling operations with the help of offline construction management software and a powerful cloud database. To date, B2P has built
more than 280 footbridges that serve more than 1 million people in 21
countries.
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Two years ago, during a strategic planning process, the B2P team
asked how they could scale their impact from hundreds to thousands
of bridges. They wanted to improve operations in some of the most
difficult areas of the world to work in — where tough terrain and spotty
mobile phone connectivity prevent easy solutions.
Part of the answer was digitizing legacy paper processes. But as
Abbie Noriega, B2P’s director of evaluation, explained in a recent
TaroWorks webinar (https://youtu.be/gEPbCWwsuak), the Salesforce
AppExchange (https://appexchange.salesforce.com) provided a crucial
second part of the solution: TaroWorks (https://taroworks.org) for a
mobile offline CRM; Mogli Technologies (http://mogli.com) for SMS
functionality; and TaskRay (https://taskray.com) for project management.

Paper is fine, up to a point

For the first 15 years, B2P primarily used paper-based data collection
processes with Excel for spreadsheet analysis and planning. The old
system “actually worked pretty well for us for a really long period
of time, but we’re looking to scale as an organization,” Noriega said
during the webinar about B2P’s efforts.
However, Noriega said B2P realized that scaling footbridge construction would require B2P to improve its information sharing and

“The bids that we got to essentially have the same functionality we
have now, perhaps less, [were] between $150,000 and $400,000, which
was just not in the cards for our organization, and I imagine not in the
cards for most nonprofit organizations, especially if you’re first getting
started,” Noriega said.

There’s an app for that

So, instead of launching a major custom software development project,
B2P worked with Mogli Technologies, which helped design and implement the new construction management software system to leverage
B2P’s existing Salesforce instance. They did this by adding three
Salesforce apps:

Crossing a makeshift bridge in Rwanda. Source: Bridges to Prosperity

communication. To do that, they needed to digitize the paper-based
field data collection and footbridge construction process.
“Once we had a staff that was bigger than a few people at headquarters
and a few people in a program country, we really started to feel the
burn of paper. … When you start to grow and not everybody knows
one another … it doesn’t work anymore to have really valuable and
important data bouncing around in a binder in the back of somebody’s
pickup truck,” Noriega said.

Build or buy?

Noriega said that B2P first considered building a new mobile and
cloud-based construction management software stack from scratch.

TaroWorks (https://appexchange.salesforce.com/appxListingDetail?l
istingId=a0N30000000ptbAEAQ) — An offline mobile field service
platform. B2P uses TaroWorks’ offline mobile app and CRM to collect
field data needed for assessing a new footbridge project’s viability and
to manage and direct field staff working to collect that data in areas
with limited internet or mobile phone access.
Mogli SMS (https://appexchange.salesforce.com/appxListingDetai
l?listingId=a0N3A00000DqCytUAF) — An SMS management tool
for communicating with the local residents who would use each new
footbridge to gauge their opinions on the project and elicit feedback for
how it might best serve their needs. The SMS capabilities are designed
to work in areas of low connectivity.
TaskRay (https://appexchange.salesforce.com/appxListingDetail?listi
ngId=a0N300000055lKwEAI) — A cloud-based operations and project management tool. B2P uses its functionality to track project progress against goals and coordinate interdependent stages of the work.

“There are very few organizations that do what we do and so it was
really important to us to be able to build a system that allowed us to
collect and manage and aggregate and understand the data that was
coming in from the field at scale,” Noriega said.
B2P had three functional requirements for its footbridge construction
management software setup: It had to include an integrated database
and project management system, allow for mobile data collection, and
provide real-time reporting and analysis.
The construction project database also had to connect seamlessly with
B2P’s existing Salesforce database, which they were already using to
track fundraising contributions to fund footbridge construction. They
also wanted the capability to survey local communities that would use
the footbridge. Finally, the system had to be user-friendly, “out-ofthe-box” but customizable when necessary, applicable across multiple
geographies, affordable, and scalable.
When B2P looked into building its own system from the ground up, the
organization got sticker shock.

Among the paper reports Bridges to Prosperity used to collect data.
Source: Bridges to Prosperity
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ety of factors entered into the decision about which applications Mogli
suggested B2P use to build a full construction management software
infrastructure. Among them were that the applications be native to
Salesforce, be built with nonprofits in mind, balance cost versus functionality, be flexible and customizable, offer full documentation and
user support, and operate effectively in areas of low connectivity.
But for the development project to succeed, Schultz said there was another important, human consideration. The project needed an internal
champion who understands data, can get feedback from the team, and
can work effectively with the people actually building the system.
Components of Bridges to Prosperity’s database. Source: Bridges to Prosperity

“No matter what solutions you choose, whether they are apps or code
or unicorns or whatever it happens to be, it is really vital to get organizational leadership on board for any of these new processes,” Schultz
said.

Staff empowerment

Looking back on the year-long development and rollout of the footbridge construction management software program, Noriega observed
that the new system’s ability to aggregate and centralize data from so
many different sources — especially from remote field locations — has
enabled B2P to track trends, spot problems, and make business decisions faster.

Field data aggregated and visualized using Salesforce.
Source: Bridges to Prosperity

“What was really exciting about this [current software development
plan] is it allowed us to take off-the-shelf, really affordable applications
and stitch them together into a system that essentially maintains itself.
…We have to make sure we are putting good data into our system, we
have to make sure we’re providing training and good support to our
staff, but I’ve never actually had to update systems to keep up with
technology and that was really really important to us,” Noriega said.

Building B2P’s system

The central element of the new construction management software system is what B2P calls a “bridge project record.” This record displays
all data inputs associated with each separate footbridge construction
project in one place — such as information for the site assessment
and selection process, project authorization status, the tally on funding
donated to underwrite the cost of each footbridge constructed, project
milestones, and community opinion survey data.
Mogli recommended using TaroWorks and TaskRay as apps to collect
and manage data flowing into the bridge project records and associated
footbridge construction tasks.
Mogli’s Senior Project Manager Serena Schultz explained that a vari-
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For example, B2P now knows how many footbridges are under construction or completed at any given time and how that number compares with performance goals set for the work. With the minimum useful life of a footbridge at 30 to 40 years, Noriega said bridge inspection
data can be analyzed across multiple locations to guide maintenance
and repair routines.
The data collected and analyzed using TaroWorks and Salesforce also
provide current status on the number of remote locations B2P field
agents have assessed as possible future footbridge sites. B2P can also
see which proposed projects are the strongest candidates to move forward and how productive the field survey team has been in collecting
this data.
About 60 people at B2P use the data collected and managed with Salesforce, TaroWorks, Mogli, and TaskRay on a regular basis and with significant results, Noriega said. “This has really been a game changer for
our organization in terms of how we make decisions. And what’s really
exciting about this is that this isn’t just something that I have access to
— this is something that every person in the organization has access to.
…When you make data available in forms like this it really empowers
staff all over the world and at all levels to make decisions and generate
ideas about how we can work better and more efficiently.”
ELAINE CHANG is director of market development and customer success for
TaroWorks (www.taroworks.org), a social enterprise launched by Grameen
Foundation to sell a mobile offline field service management app that helps
Salesforce.com users conduct field data collection and analysis, manage
construction projects, direct supply chains, and increase field agent productivity
in developing countries.

Streamlined processes help meet time, cost, and
quality requirements.
The key challenge of setting up of a 60,000-square-foot, state-of-the-art
hospital in the Middle East to deliver world-class medical services was
not just providing a cost-efficient design but an energy-efficient design
with optimum quality. The project required development of complete
architectural detailing; mechanical, electrical, and plumbing (MEP)
design; and construction drawings using BIM (Revit) and AutoCAD
based on the conceptual sketches and structural drawings provided by
the customer. Critical requirements were:
• complete the design within 2,000 hours with no/minimal revisions;
• design to build an energy-efficient hospital with at least 20 percent reduction in construction cost; and
• adhere strictly to Middle East building codes.
Enventure’s solution was to develop an optimal design of a modern
hospital that consumes 10 percent less energy than a conventional
hospital with no compromise in quality. Enventure set up an exclusive
team of architects and mechanical and electrical engineers to provide
innovative solutions and to design the hospital in a cost-effective way.
To accelerate the process, its engineers used the following approaches:
Improve staff efficiency by minimizing distance traveled between
frequently used spaces. Decentralizing supplies close to or inside a patient room allows nurses to spend more time with the patients and less
time retrieving supplies. Even with supplies and often patient-specific
medications distributed to the patient room, the shape, size, and configuration of the patient unit remain critical factors for the design of
an efficient patient unit. It is still desirable to minimize the distance
that staff needs to travel between the main support rooms, including
the central staff work areas and the patient rooms. The geometries of
the patient units and common facilities were designed considering the
efficient movement of supplies, waste, and people.

Enventure designed a modern hospital that consumes 10
percent less energy than a conventional hospital.

Minimize energy consumption by using energy-efficient system
components and adopting an innovative energy management system.
The heating system is designed using room thermostats, thermostatic
radiator valves, and insulated hot water tanks and boilers. Instead of
chillers, Enventure introduced air handling units with a condensing
unit. A gypsum false ceiling is used for all spaces except stores and
utilities, reducing the cost of the false ceiling. Internal walls made of
gypsum partitions reduce construction time and cost. A flat slab system
is used to reduce the number of beams.
Conclusion
Project highlights include the following:
• successful execution and closure of the project within 1,600 hours with
only one rework;
• construction costs reduced by 25 percent;
• construction documents approved in one go due to strict adherence to
standards and codes; and
• delays and disputes avoided at the site because of better coordination and
elimination of repetitive work.
The project seemed an extremely challenging endeavor at the beginning, but with streamlined processes and a smart approach, Enventure
ensured that the project was completed within the expected timeline
and met the customer’s quality requirements. Smooth delivery of the
design documents enabled the customer to complete the construction
on time.

Information provided by Enventure (www.enventure.com), an engineering company with focus on plant engineering, mechanical product design, environmental
compliance, and component engineering.
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ADVERTORIAL

Q&A: Structural wood design

‘Ask an Expert’ addresses common technical questions related to
design and construction of wood-frame and mass timber buildings.
Do you have a technical question related to the structural design of
commercial or multifamily wood buildings? Perhaps you’re interested in
the questions others are asking. If that’s the case, you may want to check
in with the U.S. WoodWorks program. In addition to offering project
support (at no cost), WoodWorks – Wood Products Council publishes a
monthly “Ask an Expert” Q&A addressing technical questions related to
the design and construction of wood-frame and mass timber buildings.
The current Q&A can always be found on the home page at
www.woodworks.org, or browse or search more than 40 Q&As in the
archive at www.woodworks.org/ask-an-expert.
Questions cover the gamut of wood-frame and mass timber design
considerations. For example, the ones below cover thermal movement
in wood structures and wood diaphragms consisting of multiple
layers. Other topics include floor-to-exterior wall detailing, podiums,
shrinkage, how to accommodate MEP in exposed mass timber buildings,
construction tolerances, and much more.

Q: Do wood-frame buildings need to account for thermal movement?
A: The general consensus is that designers of wood-frame buildings do not need to account for thermal movement, as thermal expansion is
offset by the shrinkage of wood due to increased temperatures and moisture loss — which designers do need to consider.
While concrete and steel buildings are typically designed with expansion joints to account for thermal movement due to environmental
temperature fluctuations, wood has a significantly lower coefficient of thermal expansion. Wood can experience dimensional movement
with temperature changes. As noted in Chapter 4 of the USDA Forest Products Lab’s Wood Handbook (www.fpl.fs.fed.us/documnts/fplgtr/
fpl_gtr190.pdf ), “The thermal expansion coefficients of completely dry wood are positive in all directions; that is, wood expands on heating
and contracts on cooling.” However, moisture fluctuations impact dimensional movement of the wood at the same time.
Wood is hygroscopic, meaning it has the ability to absorb and release moisture. As this occurs, it also has the potential to change dimensionally.
Note that the above excerpt from the Wood Handbook references completely oven-dry wood (0 percent moisture content, or MC). Wood used
for the structure of a building isn’t completely oven dry during or even after construction. As wood experiences an increase in temperature,
it may experience some thermal expansion, but there is also a loss of MC. The shrinkage due to reduced MC is more significant than the
expansion due to increased temperature; therefore, the net result is shrinkage.
The following section from Chapter 4 of the Wood Handbook explains this: “Wood that contains moisture reacts differently to varying
temperature than does nearly oven-dry wood. When moist wood is heated, it tends to expand because of normal thermal expansion and
to shrink because of loss in moisture content. Unless the wood is very dry initially (perhaps 3 percent or 4 percent moisture content or less),
shrinkage caused by moisture loss on heating will be greater than thermal expansion, so the net dimensional change on heating will be
negative. Wood at intermediate moisture levels (about 8 percent to 20 percent) will expand when first heated, and then gradually shrink to a
volume smaller than the initial volume as the wood gradually loses water while in the heated condition.”
Wood shrinkage/expansion occurs most notably perpendicular to the grain, meaning that a solid sawn wood stud or floor joist will change
in width and depth. Longitudinal dimensional change due to moisture change is negligible, meaning the length of a stud or floor joist will
essentially remain unchanged.
As the Wood Handbook notes: “Even in the longitudinal (grain) direction, where dimensional change caused by moisture change is very small,
such changes will still predominate over corresponding dimensional changes as a result of thermal expansion unless the wood is very dry
initially. For wood at usual moisture levels, net dimensional changes will generally be negative after prolonged heating.”
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Section 4.4 of the American Wood Council’s National Design Specification (NDS) for Wood Construction Manual
(www.awc.org/pdf/codes-standards/publications/archives/lrfd/AWC-LRFD2012-Manual-1211.pdf ) also provides commentary on this subject
and includes coefficients of thermal expansion for a number of wood species.
While accommodating thermal movement isn’t generally considered necessary, it is recommended that designers of wood-frame buildings
account for expansion during construction due to increased moisture exposure. It is especially important to consider expansion of wall, floor,
and roof sheathing. Because panel products start at a low moisture content (approximately 8 to 12 percent MC) and are directly exposed
to the elements during construction (in many cases increasing to greater than 19 percent MC), the expansion of these products is likely
to be more pronounced. Panel buckling, which occurs when there is no room for panel expansion, is prevented with a standard 1/8-inch
space between all sheathing panel edges and end joints as recommended by APA in Technical Note D481N Minimizing Buckling of Wood
Structural Panels (www.apawood.org/publication-search?q=d481n). In larger buildings (more than 80 feet in length), it is recommended to
increase the gap between panels and take additional construction sequencing precautions to avoid panel buckling. The WoodWorks paper,
Accommodating Shrinkage in Multi-Story Wood-Frame Structures (www.woodworks.org/wp-content/uploads/Accomodating-ShrinkageMulti-Story-Wood-Frame-Structures-WoodWorks.pdf ), discusses this, as does technical note U425 Temporary Expansion Joints for Large
Buildings (www.apawood.org/publication-search?q=U425&tid=1) from APA.
Q: What design and detailing considerations exist when installing a layer of wood structural panels over a lumber deck diaphragm
to achieve higher diaphragm capacities?
A: When designing wood-frame structures with lumber floor and roof decking, either new construction or modifications and rehabilitations
of existing construction, the diaphragm capacity or aspect ratio of the lumber decking system may be inadequate and require reinforcing
measures. The capacities of lumber diaphragms are given in Table 4.2D of the American Wood Council’s Special Design Provisions for Wind
and Seismic (SDPWS). Additional options to evaluate the seismic capacity of existing lumber decking can be found in ASCE 41-13. A common
method of increasing diaphragm capacities in this condition is to install a layer of wood structural panels (WSP) — i.e., plywood or OSB — on
top of the lumber decking. In this condition, the lumber decking is no longer used as the structural diaphragm; the WSP layer is attached to
the lumber decking and acts as a blocked diaphragm, using the capacities in SDPWS Table 4.2A.
While the WSP layer is resisting the diaphragm forces, the decking is acting in the same function that wall studs would in a shear wall or floor
joists would in a diaphragm — providing common framing members for two adjacent panel edges to attach to in order to provide shear load
transfer between panels. Field fasteners attach the sheathing to the decking to keep panels from buckling out of plane.
SDPWS Sections 4.2.7.1 and 4.2.7.1.1 provide specific requirements when using the WSP over lumber decking diaphragm condition. As noted,
the diaphragm capacity of the decking is not used — only that of the blocked diaphragm consisting of the sheathing laid on top. Lumber
decking, particularly when perpendicular to the supports, is a much more flexible diaphragm system than WSP diaphragms and does not
effectively share load with the WSP diaphragm. One key detailing and construction item to keep in mind is that the sheathing panel edges
must be offset from joints in the decking. This will require careful layout of the decking placement (in new construction) or careful layout of
panels (in existing construction).
Another consideration is whether minimum nail penetration values into the decking can be met. For example, if the lumber decking is only
1x (3/4-inch actual thickness) or 2x (1-1/2-inch actual thickness), nails used to attach the WSP to the decking may only be 1-1/2 inches long,
meaning the minimum nail penetration of SDPWS Table 4.2A may not be able to be met. APA Report TT-097
(www.apawood.org/publication-search?q=TT-097&tid=1) provides a summary of considerations and APA Report TT-061
(www.apawood.org/publication-search?q=TT-061&tid=1) provides information for the condition of inadequate nail penetration. This report
suggests that only 1.0 inch of penetration is required for 8d nails to achieve full diaphragm capacity. As this may not meet the minimum nail
penetration of SDPWS Table 4.2A, discussion with the building official may be prudent.
Once the standard diaphragm capacity has been determined and fastener schedules set, the boundary of the diaphragm must be designed.
At these locations, the diaphragm forces need to be taken out of the sheathing, through the decking, potentially into the boundary framing
members (depending on how the floor/roof is framed) and then into the vertical lateral force-resisting systems below. The attachment of
the decking to the diaphragm boundary framing members (or directly to the vertical lateral force-resisting system) is designed for the unit
diaphragm reaction along that line, or the chord force, whichever is greater. This is typically done with common fasteners (e.g., nails, screws,
etc.). The required minimum spacing of the fastener being used is determined using the diaphragm shear load or diaphragm capacity per
unit length of the connection.
Information provided by WoodWorks, which provides free technical support to design professionals as well as education and resources related to the code-compliant design of commercial and multifamily wood buildings. WoodWorks staff have the expertise to assist with all aspects of wood building design, including (but not limited to) allowable heights and areas/
construction types, structural detailing of wood and hybrid systems, fire resistance and acoustical-rated assemblies, efficient and code-compliant lateral system design, alternate means
of code compliance, and energy-efficient detailing. For assistance on a project, visit www.woodworks.org to contact a regional director or email help@woodworks.org. View a calendar of
education events across the country at http://www.woodworks.org/events-calendar/upcoming. Follow WoodWorks on Twitter (@WoodWorksUS), LinkedIn (@WoodWorks), or Instagram
(@WoodWorksUSA) to be alerted when a new Ask an Expert is released.
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The Space Needle. Photo: ©Nic Lehoux

The Century Project:
Bringing Seattle’s Space
Needle into the future
Arup provides engineering services for strengthening and
retrofitting the landmark.

Design

The architectural design is driven by the goal of enhancing the guest
experience and modernizing the building. Key architectural elements
include new floor-to-ceiling glass at the 500-foot and 520-foot observation levels to provide views out to the city beyond, replacing the
existing rotating floor with The Loupe — a new glass rotating floor
— and addition of a new stairway feature that connects all three public
levels of the top house to improve guest circulation.

By Clayton Binkley, P.E., S.E., PEng; and Kristen Strobel, P.E.

Built for the 1962 World’s Fair, the Space Needle is a Seattle landmark.

The Century Project, a restoration and modernization of the building’s
25,000-square-foot top house, is intended to prepare the 50-year-old
icon for the next 50 years. Arup provided structural, mechanical, electrical, and plumbing engineering services — working in collaboration
with Olson Kundig, Seneca Group, Hoffman Construction, and more
than 50 other partners to realize the project.
Conceived in 2013, the project has developed during the last five years
into a complete refresh of the top house — the occupiable top portion
of the Space Needle. The top house starts at the 500-foot level and
continues up to the mezzanine, observation, mechanical, and elevator
machine room levels.
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Section through the Space Needle’s top house. Image: Arup

Oculus stair

One of the key aspirations of the renovation was to improve the guest
experience by creating new stairs connecting the public spaces. A new
elliptical stair connects the 500-foot level to the mezzanine and observation levels. The bent plate stair cantilevers off concealed supports,
making it appear to float above the glass floor below.
Under typical loading, the stair is stiff to minimize vibrations but
incorporates movement joints to prevent it from contributing to the
building’s primary gravity and lateral systems. Movement joints at the
top of each post and cutting across the top treads allow for differential
movement between the floor levels under gravity load. Under seismic
loads, the top connection of the stair incorporates a shear pin that is
calibrated to break away, thus protecting the floor framing supporting
the stair. The stair is designed to remain stable (albeit more flexible)
without the top connection intact.

Oculus stair. Photo: ©Nic Lehoux

Arup’s structural engineering design work implements retrofits in support of the architectural interventions — strengthening the structure to
support the increased weight of new structural glass and creating new
openings to allow new stairs to pass through the existing structure.
The structural design also brings the existing structure up to modern
building codes through a seismic retrofit of the existing lateral system.
During construction, additional retrofits were designed to repair structural elements that had deteriorated over time.

Existing structural design

To install the stair, one sixth of each floor was cut away to create the
opening for the stair. This required demolition of existing primary floor
framing that served to stabilize the plate ring girder and form a key part
of the overall stability of the structure. Due to the challenges associated
with temporarily shoring the structure, Arup designed the structure to
allow the new primary girders that frame around the opening to be
installed prior to the demolition of the existing girders, incorporating
some of the existing framing connections to maintain work points. This
approach maintained the stability of the structure through constructions without requiring temporary bracing or shoring.

Trusses

At the observation level, each of the 48 trusses that cantilever out to
support the exterior observation deck required retrofit. The primary
drivers for retrofit were the increased weight of the new glass barrier
and benches, creation of new stairs that transition between the interior
and exterior of the observation level, and repair of corrosion and water
intrusion discovered during construction.

The top house’s existing structure consists of two lines of vertical
structure: a steel braced-frame core and a perimeter ring of 12 canted
steel columns that sit atop the tower’s legs and are connected at each
level by a ring beam. At each floor level, a composite steel floor structure spans between the core and perimeter structure.
At the 500-foot level, plate fin girders cantilever from the ring beam
to support the revolving glass floor. At the mezzanine level, a storydeep plate ring girder sits atop the canted steel columns. Its top and
bottom flanges form tension and compression rings, respectively, that
resist chord forces from the story-deep steel trusses that cantilever out
beyond the ring girder. These triangular trusses support the observation
deck and give the Space Needle its distinctive shape.
The roof of the Space Needle is formed by sloped wide flange beams.
The lateral system of the top house consists of the central truss core
and a perimeter system aligned with the canted columns. The existing
perimeter system includes a concrete shear wall at the 500-foot level,
steel plate ring girder at mezzanine level, and steel braced frames at
observation and mechanical levels.

New stairs at the observation level. Photo: ©Nic Lehoux
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cessitated that the top chord of the existing trusses be removed and
lowered. Arup designed the new truss members and connections to be
installed around the existing truss to eliminate the need for shoring or
tiebacks that would disrupt the building’s operation.
After new elements were installed, the old chords were cut away with
minimal residual deflection due to load transfer. The construction
sequence minimized disruptions to the observation level, maintaining
guest access during the initial installation of the retrofits below. The
contractor could then demolish the stairs in sequence, closing only a
small area of the observation deck at any time.

Seismic retrofit

A seismic retrofit of the top house was carried out using ASCE 41 procedures. In general, the existing structural members were sufficiently
robust, but as expected for a building of this era, many connections
between existing components were deficient and required retrofit.
Throughout the building, the diaphragm was strengthened by adding
new studs to the steel floor framing and welding continuity plates to
the connections of collectors back to the core and the ring beam elements. At the 500-foot level, the existing perimeter lateral system was
a 100-foot-long concrete shear wall. While the wall itself had sufficient
capacity to resist the seismic demands, the top and bottom connections
were inadequate and would have required costly retrofit. Three shorter
steel-plate shear walls were installed in lieu of retrofitting the existing
wall, minimizing construction cost and improving circulation through
the space.
The Space Needle’s 500-foot level. Photo: ©Nic Lehoux

The existing trusses were very light, constructed from tees and angles.
This made them very sensitive to increased loading from the new structural glass. To increase the capacity of the existing structure, plates
were added to the existing tees, transforming them into wide-flange
shapes.
At each of the three new stairs that connect the exterior observation
deck to the interior observation level, the geometry of the stairs ne-

Concrete creativity
ACI announces the winners of its annual Excellence in
Concrete Construction Awards.
In October, the American Concrete Institute (ACI) announced the win-

ners of the 2018 Excellence in Concrete Construction Awards. The
highest honor — the Overall Excellence Award — was presented to
Viaduct Over River Almonte in Garrovillas de Alconétar, Cáceres,
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Conclusion

Arup is proud to have collaborated on the renovation of this unique
structure. By carefully tailoring the structural interventions to the existing structure, Arup helped to bring this icon into the future while
maintaining beloved aspects of the Space Needle.

CLAYTON BINKLEY, P.E., S.E., PENG, is an associate structural engineer and KRISTEN
STROBEL, P.E., is a structural engineer, both in Arup’s Seattle office.

Extremadura, Spain, which also took first place in the Infrastructure
category (see description below in the Infrastructure category). This
award is given annually to one project that demonstrates excellence
in concrete innovation and technology and stands out above all other
entries.
The ACI Excellence in Concrete Construction Awards were created to
honor the visions of the most creative projects in the concrete industry,
while providing a platform to recognize concrete innovation, technology, and excellence across the globe. To be eligible for participation in
the Excellence Awards, projects needed to be winners at a local ACI

is a transformation of a 1990s office campus into a 17-acre sustainable creative office experience located in the heart of Silicon Beach.
Decorative concrete played a major role in the modernization, which
included renovation of the landscape, hardscape paving, and lighting
over the existing podium deck. Adding to the complexity, the entire
project had to be constructed with minimal impact to a fully occupied
office complex.

Viaduct Over River Almonte, Garrovillas de Alconétar, Cáceres, Extremadura, Spain

Chapter level and submitted by that Chapter or chosen by one of ACI’s
International Partners.
An independent panel of industry professionals judged projects and
selected winners based on architectural and engineering merit, creativity, innovative construction techniques or solutions, innovative use of
materials, ingenuity, sustainability, resilience, and functionality.
In addition to the Overall Excellence Award winner, first and second
place projects were selected from the following six categories:

Decorative Concrete

First Place — Roofing of the Montpellier-South of France TGV Station, Montpellier, Herault, France — Montpellier-South of France
TGV Station is a major step on a critical European corridor and a key
facility for tourism and economic growth of the “French sunbelt.” The
roof over the 107,640-square-foot area of the new station is a perforated mineral latticework comprising 115 modular and self-supporting
precast elements, known as “palmes,” made from white ultra-highperformance fiber-reinforced concrete (UHPFRC). The palmes cover
five identical spans over the railway lines, while 20-foot cantilever
canopy shells overhang from the edge to eaves on all four sides.
The double-cambered palmes, 8 feet wide, have an average thickness
of 2 inches and span 57 feet. They mainly comprise a central longitudinal rib with a variable cross section and a post-tensioning tendon; a
warped, perforated shell, in which the 16- by 6-inch spaces for treated
glass inclusions are arranged; a thin, V-shaped diaphragm at midspan;
and peripheral thin connecting walls and bearing joists. The design
parameters included a serviceability limit on tensile stresses of 696 psi,
and this required development of a new UHPFRC mixture with a high
stainless-steel fiber content. All roofing elements were prefabricated
within a five-month period. They were installed with tight geometrical
requirements (± 0.08 inch for the bearing points) in only two weeks.
Project team members include SNCF Réseau (owner); Marc Mimram
Architecture et Inégnierie (architectural firm); Lamoureux & Ricciotti Ingénierie (engineering firm); Fondeville (general contractor);
Méditerranée Préfabrication (concrete contractor); and LafargeHolcim
(concrete supplier).
Second Place —Water Garden, Santa Monica, Calif. — Water Garden

Due to the loading restrictions on the podium deck, the site was
constructed over a waffle system comprising expanded polystyrene
blocks. The paving design features a rectilinear paving pattern within a
curvilinear outline with inlayed LED lights. The field is a natural gray
light wash finish. Bands are graphite integral color with a light wash
finish.
Project team members include Water Garden Realty Holding LLC &
Water Garden Company L.L.C. (owner); HLW International (architectural firm); AMA Consulting Engineers (engineering firm); Morley
Builders (general contractor); Shaw & Sons (concrete contractor); and
Catalina Pacific Concrete (concrete supplier).

High-Rise Buildings

First Place — Reston Station OB1 Tower, Reston, Va. — The new office destination at Reston Station features an exposed concrete frame.
The tower slopes outward from the base to a roof area of 300,000 square
feet. The exterior columns are all angled and form giant “X” shapes as
they rise from the platform slab on the east and west façades. Columns
with limb-like forms are visible on the north side of the structure —
these included structural steel cores and were constructed using about
400 cubic yards of a 10,000-psi, self-consolidating concrete mixture.
Other exterior columns were constructed using a 10,000-psi mixture
over the full height of the building. This mixture had normal consistency, so it was consolidated using internal and external vibrators to
ensure a high-quality architectural concrete finish. Interior columns
had a maximum concrete strength of 12,000 psi at the base, decreasing to 7,000 psi at the upper levels. Slab mixtures included high-early
strength, 5,000-psi concrete, and 7,000-psi lightweight concrete.
Project team members include Constock Partners (owner); JAHN
(architectural firm); Thornton-Tomasetti (engineering firm); Davis
Construction (general contractor); Miller & Long (concrete contractor); and Vulcan Materials (concrete supplier).
Second Place — Nexus Shopping and Business, Setor Marista, Goiânia, Brazil — The Nexus Shopping and Business complex is one of
the biggest urban projects in Brazil. It consists of three multipurpose
towers, with the tallest at 518 feet. The total floor area is 1,400,000
square feet. To improve building performance, many structural optimizations were implemented. Excellent mechanical properties of the soil
allowed for the use of footing foundations. Main foundation elements
for one of the towers were cast in layers and the concrete temperature
was monitored, allowing the elements to be constructed without the
need for precooling of the concrete and minimizing the risk of thermal
cracking. The superstructure concrete was designed to achieve a high
modulus of elasticity of 794,000 pounds per square foot (lb/ft2) at 28

january 2019

csengineermag.com

35

arch configuration; 11,603-psi high-performance concrete; an efficient
erection method, with temporary towers and stays; and an innovative
monitoring system.

University of Iowa Visual Arts Building, Iowa City, Iowa

The viaduct’s 1,260-foot main span makes it the largest railway bridge
in Spain and the world's largest concrete arch bridge for high-speed rail
service. Its design combines structural efficiency, out-of-plane stability
(as required by deformation limits), improved response against cross
wind effects (verified in boundary layer wind tunnel tests), and aesthetics. The design is also environmentally friendly, as the bridge comprises durable materials, has been designed for expedient maintenance,
and will include a custom barrier that will force birds to soar upward
and above the overhead mast line. The bridge arch comprises highperformance, self-consolidating concrete (C-80). The complex erection
procedure required development of singular construction devices. The
bridge was constructed using a groundbreaking instrumentation and
monitoring system that provides information regarding the behavior of
the structure during construction and service.
The arch was erected from both sides of the river as cantilevering arch
segments supported by temporary cables. The arch was divided into
32 segments on each side, plus the key central segment. Construction
required the use of specially designed form travelers that allowed every
dimension of the section to be adapted to the variable arch shapes.
Due to the geometry of these segments, as well as the complex and
dense positioning of the reinforcing bars in them, the use of a selfconsolidating concrete was needed to guarantee that all the segments
were correctly filled without leaving voids.

1200 Intrepid Avenue, Philadelphia

days for the first floors and 710,000 lb/ft2 for other floors. A high mortar
content in the initial mixtures led to the need for special measures to
avoid high shrinkage and thermal stresses. Due to these requirements,
improvements in concrete mixture, optimization of the concreting process, and structural design adjustments were made.
Project team members include Consciente JFG Incorporações e Participações Ltda (owner); Consciente Construtora e Incorporadora Ltda
(engineering firm and general contractor); Votorantim Cimentos S/A
(concrete contractor); and Realmix Concreto Ltda (concrete supplier).

Infrastructure

First Place — Viaduct Over River Almonte, Garrovillas de Alconétar,
Cáceres, Extremadura, Spain — A new high-speed rail line is under
construction between Madrid and the Extremadura, a western Spanish
region bordering Portugal. The line will cross over the River Almonte
on a 3,270-foot-long viaduct — a concrete arch bridge with a main
span of 1,260 feet. Designed to carry 218-mph rail traffic, the viaduct
had to meet rigorous dynamic, serviceability, and safety criteria; it
required complex, staged calculations based on nonlinear material and
nonlinear geometry behaviors. Nevertheless, it is aerodynamic and
slender, largely due to key design features, including a four-legged
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Selected materials and main characteristics included Ultraval SR
Special Cement, with low quantities of C3A to help avoid delayed
ettringite formation caused by elevated temperatures during hydration;
river sand to provide a concrete mixture that could be pumped 655 feet
horizontally and 260 feet vertically, yet resist segregation; and fly ash
and the latest generation of high-range water-reducing admixtures to
provide 90-minute workability and ensure adequate consolidation.
Project team members include Adif Alta Velocidad (owner); ARENAS
& ASOCIADOS – IDOM (architectural and engineering firm); FCC
CONSTRUCCIÓN – CONDURIL (general and concrete contractor);
and CG Hormigones (concrete supplier).
Second Place — Viroflay Underground Train Station, Meudon, Hautsde-Seine, France — Located at a depth of 82 feet, the Viroflay-Rive
Droite and Viroflay-Rive Gauche stations were built simultaneously
to extend the T6 tram line. Each station has eight prominent, white,
cast-in-place concrete arches that evoke the nineteenth century railway viaducts spanning the Viroflay valley. The arches are not only
aesthetically pleasing but fulfill two distinct functions: buttressing of
the stations’ concrete diaphragm walls and supporting the intermediate
concrete slab for the technical rooms 12 inches thick with a 65-foot
span. The arches are about 49 feet wide and are hollow at various levels
to provide space for escalators. The diaphragm walls were constructed
using a hydraulic bucket to excavate the softer surface layers and a
compact hydrofraise to excavate the bases. The walls are 98 feet high

Provo City Center Temple, Provo, Utah

and 3.3 feet thick, and they have a light beige color and appearance that
recalls the stone that is characteristic to the Viroflay region.
Project team members include Public Transportation for Paris Area
(owner); Atelier SCHALL (architectural firm); EGIS Group Branch
Railway (engineering firm); Eiffage Travaux Publics & Soletanche
Bachy (general and concrete contractor); and CEMEX (concrete supplier).

Low-Rise Buildings

First Place — University of Iowa Visual Arts Building, Iowa City,
Iowa — The new four-story facility for the University of Iowa’s School
of Art and Art History replaces the 1935 Art Building, which was heavily damaged during a flood of the campus in June 2008. The entire
concrete structure is exposed and painted white for a clean industrial
aesthetic, culminating in a sculptural central atrium for open display
of artwork and studio activity of all art disciplines. The building
envelope is clad with zinc and stainless-steel plate panels, channel
glass wall systems, operable windows, and a green roof. The concrete
frame construction is supported on drilled pier foundations. The building’s foundation employs a biaxial (bubble) voided slab, decreasing
the amount of material used by 30 percent compared with a typical
structural concrete slab. This allowed for long spans uninterrupted
by columns for generous studio spaces, and it generated savings on
materials, transportation, and labor. The structural concrete skeleton
of the building consists of 10- and 12-inch cast-in-place walls, 12.5inch structural slabs, and 16- to 24-inch columns, all formed with Class
A surface tolerances. All structural slabs were topped with a bonded
3-inch structural topping slab.

(BP15), Doha, Qatar. — Occupying a prominent position over the water of Lusail Marina District, the iconic two-story South Marina Yacht
Club can be seen from the four directions of the district and the marina
sea. Features of the building include post-tensioned slabs spanning 49
feet and providing an open indoor space, and a cantilever spanning 17
feet all around (tapered in the free end to reduce dead load) to provide
distinctive panoramic wide terraces. Concrete for the substructure had
a design strength of 10,800 psi. The building is supported on a 28-inch
raft with piles founded in Simsima limestone. The perimeter wall was
continuously placed to ensure integrity. Slag cement was incorporated into the concrete mixture for the ground slab and suspended pit
slab to limit the temperature of hydration, thus minimizing cracking.
Other durability-enhancing factors for these slabs included corrosioninhibiting admixtures, increased concrete cover, and reduced watercement ratios. To provide corrosion protection in the piles, they were
constructed with a concrete mixture comprising 60 percent slag cement
and 8 percent microsilica; the specified concrete cover was 3 inches.
Project team members include Qatari Diar, Lusail Real Estate (owner);
Chapman Taylor Espain (architectural firm); MZ & Partners (civil and
MEP engineering firm) and Octatube (steel structure engineering firm);
JV of Ceinsa & Al Jaber Trading & Contracting (general contractor);
and Al Wataniya (concrete contractor).

Mid-Rise Buildings

First Place — 1200 Intrepid Avenue, Philadelphia — The 1200 Intrepid project is a USGBC LEED Gold-certified four-story mid-rise building with 94,000 square feet of high-end office space. The predominant
feature of the design is the building’s eastern elevation, which makes
use of compound double-curved, load-bearing precast concrete façade
panels fashioned to echo the circular geometry of an adjacent park. The
curvilinear wall was designed with a 22-degree tilt out over the adjoining pedestrian walkway to create an exterior suggestive of a ship’s bow
and pay homage to the site’s maritime history. BIM software was used
to ensure proper alignment in each of the 421 architectural concrete

Project team members include University of Iowa (owner); Steven
Holl Associates (design architect) and BNIM (construction architect);
Structural Engineering Associates, Inc. (engineering firm); Miron
Construction Co., Inc. (general contractor); Ceco Concrete Construction (concrete contractor, flat slab/shoring) and Miron Construction
(concrete contractor, vertical); and Croell Redi-Mix, Inc. (concrete
supplier).
Second Place — Design & Build of South Marina Yacht Club at Lusail

Roofing of the Montpellier-South of France TGV Station, Montpellier, Herault, France
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panels. The precast exterior employs interlocking embeds within the
concrete, eliminating the need for traditional precast spandrel panels.
Each precast panel on the inclined façade has a unique slope and different angle of rotation. Computer-generated cut sheets delineated embed
layout and formwork construction. Architectural self-consolidating
concrete mixtures were used to produce panels with exceptionally tight
tolerances and ensure uniform window frame alignment.

crete mat footings were constructed in each area and micropiles were
driven into soils below the mat footings. A dampproofing membrane
and waterstop system were placed around all subgrade structures. A
dampproof admixture was also used on the subgrade concrete to create a back-up mechanism for the dampproofing system. Self-leveling
fiber-reinforced concrete was used for slab-on-ground and around the
temple’s underground foundation walls.

Project team members include Liberty Property Trust and the Philadelphia Development Corporation (owner); BIG - Bjarke Ingels Group
(architectural firm); Environetics (engineering firm); Turner Construction Company (general contractor); and High Concrete Group LLC
(concrete contractor and supplier).

Project team members include The Church of Jesus Christ of Latterday Saints (owner); FFKR Architects (architectural firm); Reaveley
Engineers (engineering firm); Jacobsen Construction Company, Inc.
(general and concrete contractor); and Jack B. Parson Companies
(concrete supplier).

Second Place — Royal Alberta Museum, Edmonton, Alberta, Canada
— The Royal Alberta Museum is the new home of Alberta’s Natural
History and Human History collections. The project boasted one of the
most advanced uses of BIM ever realized in Canada. The shared model
allowed for increased geometric complexity, observable clash detection, and 4D construction scheduling. The design-build procurement
method allowed for experienced and prequalified subcontractors to be
engaged early in the design process. Concrete was selected for a majority of the structure due to its inherent acoustic rating, vibration and
fire resistance, aesthetics, thermal mass, and durability. Cast-in-place
concrete flat plate slabs were used for most of the structure to resist the
exceptionally heavy loads imposed by displays and back-of-house artifacts. A spiral cast-in-place concrete stair located in the main entrance
lobby acts as the focal point of the space and provides access to the
second-level galleries. The museum showcases exposed concrete surfaces, including columns, slab surfaces, edges, and soffits. Basement
foundation walls were constructed using shotcrete, reducing the need
for formwork and thus cutting the time and crane dependency required
to erect formwork. Construction of the $260 million base facility was
completed in the fall of 2016 and the new museum is now open.

Second Place — Ford Theatres Off Season Improvements Phases 2
and 3, Hollywood, Calif. — The Historic John Anson Ford Theatres in
the Hollywood Hills is tucked into steep canyon walls in the Cahuenga
Pass. From 2013 to 2017, the Ford Theatres Foundation (with support
from Los Angeles County) invested in a major renovation and addition
to restore the historic board-formed castle-like structure and bring the
stage, lighting and sound systems, electrical infrastructure, and backof-house areas up to current standards.

Project team members include DIALOG (owner, architectural firm,
and engineering firm); Ledcor Design Build (Alberta) Inc. (general
contractor); Pagnotta Industries Inc. (concrete contractor); and Lafarge
Canada Inc. (concrete supplier).

Repair & Restoration

First Place — Provo City Center Temple, Provo, Utah — After a major
fire in 2010, the Provo Tabernacle was transformed into the Provo City
Center Temple (PCCT). Stabilizing the existing unreinforced brick masonry walls was the first step in the restoration process. Existing brick
walls were five wythes thick. Stabilization comprised removal and
replacement of two interior wythes with shotcrete concrete walls. The
remaining brick was attached or adhered to the new shotcrete walls
with helical anchors. The temporarily shored shotcrete walls were then
reinforced with new concrete foundation walls. These walls were hand
set to work around the shoring system and were constructed below the
building’s original shell. This made it possible to build two new basement floors. To resist the loads on the basement floors, reinforced con-
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Off-Season Improvements Phase 2 included reconstruction of the stage
and an extensive basement expansion. The excavation was stabilized
using shotcrete retaining structures while the permanent structure was
built. The new tiered stage includes suspended slabs and slabs-onground, flanked on either end by the historic concrete stage towers.
The existing stairs and walkways used to access the theater were out of
code compliance. Concrete was used to create double steps that aid in
bringing the stairs up to code as well as providing a way to conceal and
protect the new egress lighting.
Off-Season Improvements Phase 3 includes addition of a new
30,000-square-foot building with a loading dock, administrative offices, and an outdoor dining terrace for guests. The front-facing walls
of the new structure resemble the original with exposed concrete walls
with a board-formed finish. The 12-inch shear/gravity walls are up to
70 feet tall and are heavily reinforced due to the high seismicity of the
region.
Project team members include The Ford Theatres Foundation (owner);
Levin & Associates (architectural firm); Structural Focus (engineering
firm); Charles Pankow Builders, Ltd. (general and concrete contractor); and Cemex (concrete supplier).
Photos and details about all of the winning projects can be found at
www.aciexcellence.org. Entries for the 2019 Excellence in Concrete
Construction Awards are being accepted now through April 2, 2019.

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

Conforming concrete
How to work with a third-party
concrete testing company.
By James Handzlik and Jeremy Lake

A big part of maintaining high-quality construction and safe buildings
is access to properly formulated concrete that meets ASTM standards.
Third-party materials testing companies play a key role in maintaining concrete construction quality and ensuring that the concrete used
at the site meets the job-specific requirements set by the professional
engineer of record.
This means that anyone responsible for quality control on construction projects must know how to obtain proper results from a materials
testing company, while also enabling construction to continue without
quality-related delays. The following suggestions on how to accomplish this successfully come from an experienced testing laboratory
that is part of a larger multidisciplinary firm offering a range of inspection and engineering-related services.
How do I ensure the third-party testing company is qualified?
One important aspect an owner/builder should investigate when looking for a testing company is professional qualifications, which might
include accreditation through American Association of State Highway
and Transportation Officials (AASHTO) re:source (formerly known as
the AASHTO Materials Reference Laboratory), accreditation by the
U.S. Army Corps of Engineers (USACE), and laboratory inspection by
the Cement and Concrete Reference Laboratory (CCRL).
Owners, consultants, and contractors should refer to the websites of
these organizations and search for third-party testing companies in the
geographic area of the project location.
Doing a geographic search is important in part because ASTM C31
requires that transportation time of concrete test specimens shall not
exceed four hours. In some parts of the country there may be many
qualified laboratories within a four-hour radius, but in other places, the
number of qualified firms may be more limited.
It is important to search the websites of accrediting and certifying entities to check if the firms you’re considering carry the necessary, current
qualifications. It is also advisable to verify that the technicians used
by the testing firm also hold all necessary certifications to provide the
required testing in both the field and the laboratory.
Proof that testing was completed by qualified professionals can serve
as protection in the case of a legal dispute.
How can I find the materials testing company that’s right for my
job?
Civil testing services cover more than concrete testing, with inspectors
responsible for tasks such as checking the formwork, reinforcing steel,

Part of the role of a concrete testing service is to make sure that reinforcing steel
meets specifications and is adequate to the purpose before the concrete is poured.
Photo: courtesy of Encorus Group

placement/finishing methods, and curing operations, as well as ensuring that the work meets all specifications and relevant drawings.
The complex nature of services to be provided requires the use of an
experienced firm with a well-trained staff of professionals. It is essential to select a firm that employs a sufficient number of experienced
professionals who:
• are familiar with construction sites and the tight timelines involved with
ready-mixed concrete deliveries;
• are capable of reading and understanding drawings and able to easily
assess whether the concrete formwork is constructed according to the approved plans;
• are well versed in building codes and other regulatory requirements about
rebar, such as spacing of the elements and quality specifications;
• utilize appropriate and properly calibrated equipment;
• are able to accurately perform all steps of the sampling process, including
the temperature check, slump tests, air content, unit weight, and casting
compressive strength test specimens without impeding construction schedules;
• can be trusted to inform the appropriate personnel promptly if a test result
is out of tolerance (for both the onsite and offsite tests) to solve the problem
as quickly as possible and minimize or eliminate construction delays; and
• are able to respond expeditiously to requests for onsite inspection in a
manner that meets the construction schedule.
What is my firm’s role in the testing process?
Note that it is outside the testing company’s scope to make recommendations for actions to be taken if a nonconforming item is found,
such as concrete field tests not meeting the project specifications. The
contractor is responsible for providing an acceptable solution that is
approved by the professional engineer of record to any nonconformance uncovered by the testing firm.
It is also important for the contractor to play its part by informing the
testing company within a responsible time frame of construction activities that will require inspection. If the testing company is not given
adequate notice before a concrete pour, there may not be time for the
firm’s staff to be appropriately dispatched.
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Before concrete is poured, the testing company must review drawings,
check the forms and rebar, and set up any equipment required before
the concrete truck arrives. In cases where the testing company does
not have time to perform the necessary inspections, construction may
be delayed. By providing adequate notice to the testing company, such
delays can be avoided.
Building and maintaining a positive, ongoing relationship with a testing company facilitates effective communication methods, helping to
ensure that high-quality construction can be carried out smoothly.
JAMES HANDZLIK is the director of Civil Materials Testing and JEREMY LAKE is the
civil laboratory supervisor at Encorus Group (www.encorus.com) in 		
Buffalo, N.Y.
Sample cylinders of concrete undergo simulated natural weather conditions,
including high humidity, in the “fog room” of a concrete testing facility.
Photo: courtesy of Encorus Group

Wireless concrete
monitoring
Embedded versus non-embedded Bluetooth transmitters for
monitoring concrete temperature and maturity.
The maturity method, often simply referred to as maturity, is a way
of evaluating new concrete’s in-place strength by relating time and
temperature measurements to actual strength values. Typically, in-situ
strength estimation is achieved through standard test methods, which
involve flexural or compressive tests of beam or cylinder specimens.
However, concrete in the field does not always gain strength at the
same rate as test specimens. Maturity testing addresses this guesswork
and can prove if onsite concrete has achieved required strength and
whether or not formwork removal and load application is feasible.
In the past, maturity testing has been performed by placing sensors
into fresh concrete and then connecting a data logger or other maturity
reader directly to each sensor to retrieve and analyze the data. In recent
years, Bluetooth technology has been incorporated into concrete maturity systems to ease data collection and allow for wireless sharing.
Bluetooth provides the ease of immediate connection between electronic devices such as mobile phones, computers, and wired sensors.
However, Bluetooth does have some limitations. Bluetooth uses a 2.4GHz frequency to transmit data and frequently competes with other
radio waves for transmitting information to its receiving device. Other
devices that operate under a similar frequency include microwaves,
40
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Using a non-embedded Bluetooth transmitter, data is collected by the sensor, sent
to the non-embedded Bluetooth transmitter through a direct connection, and then
wirelessly transmitted to an app.

wireless speakers, satellite dishes, monitors, cameras, cordless phones,
power lines, and power stations. Water is an additional substance that
can reduce the Bluetooth signal, so weather disturbances and even
humans (with a significant volume of water in our bodies) standing
between the transmitter and the receiver will slow down or inhibit the
connection.
Wireless Bluetooth maturity systems are typically available as one of
two options: with a transmitter that is completely embedded within
the concrete, or with a transmitter that sits outside of poured concrete.
Both options have benefits and limitations to consider before choosing
a maturity system for your project.

Embedded Bluetooth transmitters

An embedded Bluetooth transmitter is a sacrificial device that transmits
data wirelessly via Bluetooth and is secured in place within concrete
just below the surface. It’s usually attached to a sensor that extends

below the transmitter and further into the concrete to a typical maximum length of 10 feet. Data is collected by the sensor and transmitted
through concrete to an app.
The only benefit of using embedded Bluetooth transmitters instead of
non-embedded Bluetooth transmitters is that there are no wires extending out of the concrete. However, users should consider the following
severe limitations when evaluating systems with embedded Bluetooth
transmitters:
More expensive — Using a sensor with an embedded Bluetooth transmitter means you are burying the expensive technology in the concrete
with each sensor that is installed. These sensors are significantly more
expensive (two to four times the cost, or more) than sensors that utilize
non-embedded, reusable transmitters.
Degraded Bluetooth signals — Bluetooth signals are compromised
by objects that lie within the signal’s line of sight, so dense material,
particularly concrete, is extremely difficult to traverse and requires
embedded transmitters to be placed within a few inches of the concrete
surface. Even when the transmitter is placed this close to the surface,
the transmitter’s ability to relay data becomes degraded and optimal
Bluetooth range (33 feet assuming typical Class 2 transmitters) will
be decreased significantly. If the transmitter is buried deeper than the
manufacturer specifies, the signal may not be strong enough to transmit
data beyond the concrete surface.
No alternative data collection options — For embedded transmitters
that only transfer sensor data via Bluetooth and do not offer a backup
data collection option, a compromised Bluetooth signal, a transmitter
that was buried more than a few inches deep, or damage to the sensor
or transmitter means there is no way to retrieve the data that is locked
away underneath the concrete surface.

Non-embedded Bluetooth transmitters

A non-embedded Bluetooth transmitter is a reusable device that transmits data from sensors wirelessly via Bluetooth and is not embedded
within concrete. This type of transmitter connects to sensors that
extend from poured concrete and can be placed almost anywhere at
a job site. Data is collected by the sensor, sent to the non-embedded
Bluetooth transmitter through a direct connection, and then wirelessly
transmitted to an app.
There are several significant benefits for using non-embedded Bluetooth transmitters:
Less expensive — Because they are not buried in the concrete, nonembedded Bluetooth transmitters are reusable and are a one-time
purchase, resulting in significant cost savings for ongoing and future
projects. There is also no need to buy a Bluetooth transmitter for each
sensor because multiple sensors can be connected to each transmitter at
once. This translates into significant savings because the sensors themselves are much less expensive, and an entire project can be performed
with as few as one Bluetooth transmitter.
Optimal Bluetooth range — Non-embedded Bluetooth transmitters

The benefit of using embedded Bluetooth transmitters is that no wires extend out of
the concrete.

achieve an optimal Bluetooth range because the signal does not have to
travel through concrete. Users also have an option of locating transmitters farther from the concrete pours if desired, increasing accessibility
even more. In any case, there is no need to worry about data loss due to
burying a transmitter too deep into the concrete because the transmitter
is external to the concrete.
Multiple data collection options — If there is an issue with data collection via Bluetooth, there are alternative ways to retrieve the data.
Systems such as COMMAND Center (www.commandcenterconcrete.
com) offer a backup indirect download option. If users are unable to
wirelessly access concrete data, they can press a save button to store
data onto the Bluetooth transmitter and send it to an iOS device for
analyzing at a later time. If the transmitter is damaged, users can swap
it out with another transmitter and proceed, with all the sensor data still
intact.
The only limitation when using a non-embedded Bluetooth transmitter instead of embedded Bluetooth transmitters is that some wire will
extend from the concrete. However, these cables are durable and only
have to extend a couple feet from the surface of the concrete to allow
user access. The minimal effect of external cables creates little to no
disruption for the rest of the working process. If the cable happens
to be damaged during or after installation, the user has the option of
trimming down the cable and connecting closer to the surface of the
concrete.
What does all of this mean for your concrete project? You have to decide what is more important for your project — using a non-embedded
transmitter and having a few feet of cable coming out of the concrete
or having no cable coming out of the concrete but having an increased
risk of data loss, a restriction on data collection options, and in most
cases, paying about three times the overall cost?

Information provided by The Transtec Group, Inc. (www.thetranstecgroup.com).
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Workers had to battle smoke and particulate matter from a nearby wildfire during restoration of the 3 million-gallon Columbia View Reservoir storage tank for the city of The
Dalles, Ore.

Water and wastewater
2018 Impact Awards
Sherwin-Williams recognizes projects that enhance public safety,
protect assets, and extend infrastructure life.
The 2018 Sherwin-Williams Impact Award, which recognizes outstanding water and wastewater projects, goes to a water storage tank restoration project performed under difficult conditions. Crewmembers had to
battle smoke from the nearby Eagle Creek fire and prevent that smoke
from absorbing into the interior tank coating and affecting the taste of
water stored in the tank. For their efforts, Vancouver, Wash.-based HCI
Industrial & Marine Coatings Inc.; the city of The Dalles, Ore.; and
engineering services provider CH2M Inc. (locally based in Corvallis,
Ore.) earned the 2018 Sherwin-Williams Impact Award.
The Sherwin-Williams Impact Award program recognizes application
contractors, specifiers, and owners for excellence on North American
water and wastewater projects that influence public safety, asset protection, and infrastructure life cycle improvement. Eligible projects
included any water-related structure that was new, restored, and/or
rehabilitated in 2017 and was completed using coating and lining materials from Sherwin-Williams Protective & Marine Coatings.
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“We established the Sherwin-Williams Impact Award to honor demanding water and wastewater projects and recognize those professionals committed to enhancing public safety, protecting assets, and
extending infrastructure life,” said Kevin Morris, market segment
director, Water & Wastewater, Sherwin-Williams Protective & Marine
Coatings. “The winning project faced unique challenges that none of
the parties involved had ever encountered. We all worked together to
devise a plan that would ensure adhesion of the water tank’s coating
systems and prevent smoke from adversely impacting the community’s
water quality.”
Most potable water storage tank restoration projects do not come with
the need to monitor atmospheric particulate matter (PM) to prevent
smoke from contaminating the new tank lining. But the 2017 restoration of the 3 million-gallon Columbia View Reservoir storage tank for
the city of The Dalles, Ore., wasn’t like most projects. Crewmembers
from HCI had to battle smoke from a nearby wildfire during the restoration, while trying to prevent a potential smoky odor in the interior
coating that could affect the taste of water stored in the tank.
The Eagle Creek Fire erupted on Sept. 2, 2017, burning more than
50,000 acres in the Columbia River Gorge in Oregon and Washington
over the course of three months. HCI had just commenced the Columbia View Reservoir storage tank restoration process about 70 miles east
of the fire, and downwind smoke became a frequent nuisance for applicators. Smoke was prone to being sucked into the cut-out access entry
for the tank, presenting air quality concerns during interior blasting

and application steps, as well as potential contamination of the lining.
Similar air quality issues affected the crew when restoring the tank’s
exterior, only without the worry of contaminating potable water.
None of the parties, including Sherwin-Williams technical representatives, had ever encountered this type of situation. They worked together to devise a plan to protect the quality of the project by ensuring
adhesion of the coating system and preventing smoke contamination in
the interior coating to avoid adversely impacting water quality.
Based on the plan, HCI applicators were permitted to move forward
with blasting and coating — but with restrictions based on hourly air
quality readings. Using monitoring data provided by the Oregon Department of Environmental Quality (DEQ), the crew avoided applying
coatings during hours in which PM2.5 readings — a measure of atmospheric PM that has a diameter of less than 2.5 micrometers — were
greater than established thresholds. For the prime and intermediate
coats, the one-hour PM2.5 could not be greater than 35 micrograms
(μg)/m³ (100 AGI). To prevent smoke odor contamination within the
topcoat, applicators had to ensure the one-hour PM2.5 readings were
no greater than 20 μg/m³ (67 AGI).
To restore the tank’s interior, HCI crewmembers first set up an air filtering system to minimize as much smoke inside the tank as possible.
Next, they prepared the entire tank interior, abrasive-blasting it to an

SSPC-SP5 surface before applying coatings. Using Sherwin-Williams
Macropoxy 5500LT, a high-solids, polyamidoamine epoxy tank lining
developed for potable water storage tanks, crewmembers spray-applied
a 4-mil minimum dry film thickness (MDFT) prime coat in white.
Next, they applied a 3-mil MDFT stripe coat of light blue Macropoxy
5500LT on all weld seams to ensure a higher film build on these rougher
areas. For the intermediate coat, the crew coated the entire interior with
a 4-mil MDFT application of light blue Macropoxy 5500LT. Finally,
the crew sprayed the topcoat of Macropoxy 5500LT in white at 4 mils
MDFT. The final lining system therefore had a 12-mil MDFT on all
non-stripe-coated areas and a 15-mil MDFT on all stripe-coated areas.
The alternating colors enabled the crew to ensure complete coverage
of each coat.
For the tank’s exterior, smoke contamination was less of an issue, as it
wouldn’t affect water quality. Still, HCI followed the PM guidelines to
ensure strong adhesion of the coating system. To restore the exterior,
the crew abrasive-blasted the steel tank to an SSPC-SP11 surface. They
next applied a direct-to-metal prime coat of Sherwin-Williams Pro Industrial Pro-Cryl Universal Acrylic Primer at 3 mils MDFT, followed
by an additional 1.8- to 3.6-mil DFT coat of the self-crosslinking
acrylic primer after the base layer cured. For the topcoat, they applied
one to two coats of Sher-Cryl HPA, a high-performance acrylic semigloss coating from Sherwin-Williams, at 2.5-4 mils DFT per coat, with
the second coat applied to sharp edges for a higher film build.
After each coat cured throughout the project, crewmembers conducted
a wipe test, using a clean white cloth to check for PM before applying
the subsequent coat. If a test showed evidence of smoke deposits, the
crew had to clean the surface before applying the next coat.
As part of its quality control process, the city of The Dalles logged
the DEQ’s one-hour PM2.5 data during each hour that coating activity
took place, noting which section of the tank was coated during that
time. If a lining or exterior coating failure were to occur in the future,
this data would allow the city to determine if smoke levels may have
been the cause.
Through careful planning, attention to detail, and open communication, HCI was able to complete a successful tank restoration for the
city of The Dalles. The entire team faced the unprecedented impact
of smoke from a destructive wildfire to ultimately arrive at a restored
water tank that will house uncontaminated water for the city for years
to come.

Co-runner-up projects

A project involving extensive protective concrete coating applications for expansion
of the South Bay International Wastewater Treatment Plant in San Diego earned a corunner-up distinction for the 2018 Sherwin-Williams Impact Award.

A project involving extensive protective concrete coating applications
for the expansion of the South Bay International Wastewater Treatment
Plant (SBIWTP) in San Diego, earned a co-runner-up distinction for
the 2018 Sherwin-Williams Impact Award. Santa Fe Springs, Calif.based Cor-Ray Painting Co. completed the SBIWTP infrastructure
improvements for the U.S. International Boundary and Water Commission (USIBWC). Global engineering, procurement, construction, and
consulting company Black & Veatch served as construction manager
and coatings inspector for the project.
january 2019
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Intermediate restoration of a dilapidated 1 million-gallon elevated water storage tank in Houma, La., earned the Terrebonne Parish Consolidated Waterworks District No. 1 corunner-up distinction for the 2018 Sherwin-Williams Impact Award.

The originally specified system for the project called for applying a
full coat of a water-based epoxy cementitious resurfacer to concrete
surfaces, followed by three subsequent steps of applying epoxy mortar
and epoxy seal coats. However, Cor-Ray Painting proposed a specification change to the Sherwin-Williams Dura-Plate 6100 system, as it
offered a faster, more efficient installation. Dura-Plate 6100 is a 100
percent solids high-build, high physical performance, amine-cured
epoxy designed for corrosion protection of concrete and steel in municipal and industrial wastewater treatment facilities.
Compared with the originally specified system, Dura-Plate 6100 offered a faster dry-to-touch time — which reduced the potential for
outgassing from concrete — as well as a faster return-to-service time
of just six hours, which reduced downtime and increased productivity. In addition, the high-build properties of Dura-Plate 6100 enabled
applicators to create a thick, monolithic lining that used existing bug
holes in the concrete as structural anchor points to improve adhesion
of the entire lining system.
The SBIWTP is a 25 million-gallon-per-day secondary treatment plant
that treats sewage originating in Tijuana, Mexico. The plant’s expansion
included a new secondary sediment tank, as well as new equalization
basins, and influent and effluent channels. To apply protective concrete
coatings to these assets, the Cor-Ray Painting crew first abrasive-blast
cleaned the concrete surfaces per SSPC-SP13 guidelines to deliver an
ICRI 310.2 concrete surface profile (CSP) of 4-6 with light to medium
scarification. The resulting prepared surface promoted strong adhesion
of the soon-to-be-applied coating system.
To coat the concrete, the Cor-Ray Painting crew first applied SherwinWilliams Steel-Seam FT910 Epoxy Patching and Surfacing Compound by trowel as needed to fill larger surface voids. Crewmembers
then primed concrete surfaces by spray-applying Corobond 100 Epoxy
Primer/Sealer from Sherwin-Williams at 4-8 mils dry film thickness
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(DFT). The penetrating primer will help to prevent future blow-back
and outgassing from the concrete substrate. To ensure complete coverage, the crew used a heavy nap roller to back roll the spray-applied
primer into the concrete’s pores before spraying a final epoxy seal coat
over the back-rolled material.
Next, for the intermediate coat, crewmembers spray-applied DuraPlate 6100 to the primed surfaces at 20-30 mils DFT. Using 10- to
14-inch curved steel finishing trowels, applicators immediately forced
the sprayed material into bug holes and surface irregularities to provide
additional adhesion, as well as smooth the top surface. They allowed
the product to set for a minimum of 10 to 15 minutes before applying a
finish coat of Dura-Plate 6100. For the finish coat, the crew was able to
spray the product at a thickness of 110-140 mils DFT in a single pass.
They terminated the coating system at all joints in the concrete and
installed a polysulfide sealant in those surfaces.
Finally, to seal the various joints, applicators cleaned, prepared, and
profiled the joint substrates and a 1/4-inch of the adjacent coatings to
an ICRI 310.2 CSP of 3-5. Next, they applied PolySpec Thiokol 5050
Epoxy Primer at 3-5 mils to the prepared surfaces. After installing
closed-cell backer rods into joints, the crew sealed the joint surfaces
and the 1/4-inch prepared coating surfaces using PolySpec Thiokol
2235M elastomeric joint sealant.
The intermediate restoration of a dilapidated 1 million-gallon elevated
water storage tank in Houma, La., earned the Terrebonne Parish Consolidated Waterworks District No. 1 co-runner-up distinction for the
2018 Sherwin-Williams Impact Award. The parish’s in-house maintenance team performed all the restoration work on the tank, which had
become an eyesore within one of the busiest areas of the community.
Terrebonne Parish Consolidated Waterworks worked closely with
Sherwin-Williams to develop an overcoat system that would revive the

rusted appearance of the tank and extend the life of the existing coating
system until the utility is able to fully restore the tank via a packaged
bid process. The two parties arrived at a suitable cleaning and application method that would enable a three-man, in-house maintenance
crew to complete the project efficiently and cost effectively.
To perform the intermediate tank rehabilitation, the maintenance crew
first pressure-washed the top half of the tank using 4,000-psi minimum
pressure. They next spot-primed the bowl of the tank using SherwinWilliams Macropoxy 646 Fast Cure Epoxy, a high-solids, high-build,
fast-drying, polyamide epoxy that can be applied directly to marginally
prepared steel, while ensuring adequate protection of sharp edges, corners, and welds. The team then primed the entire top half of the bowl
using Macropoxy 920 Pre-Prime, a 100 percent solids, epoxy primer
designed to penetrate tight-rusted surfaces on marginally prepared
steel.
Following priming, the waterworks crew applied two gloss white
coats of Pro Industrial DTM Acrylic from Sherwin-Williams using an
airless pump with a custom power roller assembly. The water-based,
corrosion-resistant acrylic coating is designed for light to moderate
industrial use and will help enhance the tank’s aesthetics until it undergoes a complete restoration in the future. By using the power roller
assembly, the team was able to drastically reduce the project’s cost
by both minimizing the crew size and eliminating the need to set up
scaffolding.

Honorable mention

A project involving extensive repairs and restorations performed on a
7.5 million-gallon water storage tank and two clarifiers for the Benton/
Washington Regional Public Water Authority (BWRPWA) earned an
honorable mention for the 2018 Sherwin-Williams Impact Award.
Glenpool, Okla.-based Kimery Painting Inc. (KPI) handled the rehabilitations with Little Rock, Ark.-based Crist Engineers Inc. serving as
the project engineering firm.
BWRPWA serves Northwest Arkansas, Eastern Oklahoma, and Southwest Missouri and was looking for an SSPC QP 1-certified contractor
to complete the remote storage tank restoration, as well as restoration
of clarifiers at the authority’s water treatment plant. KPI, one of the top
industrial and commercial painting companies in the region, secured
the bid and selected a variety of coating systems from Sherwin-Williams Protective & Marine Coatings to complete the projects.
To restore the interior of the 145-foot-diameter, 50-foot-tall ground
storage tank, KPI moved three manlifts and a variety of spraying
equipment inside the tank. The crew then broke the project into sections and followed a four-step process involving surface prep, priming, stripe coating, and topcoating. To remove the existing lining and
any contaminants, crew members abrasive-blasted each section to the
SSPC-SP10 Near-White Blast Cleaning standard.
Using an airless sprayer, they then applied Corothane I – GalvaPac
Zinc Primer 1K from Sherwin-Williams as a hold primer at 3-5 mils
dry film thickness (DFT). Next, they applied a stripe coat of the pluralcomponent SherPlate PW Epoxy coating system on all corners, welds,

Extensive repairs and restorations performed on a 7.5 million-gallon water storage
tank and two clarifiers for the Benton/Washington Regional Public Water Authority
earned an honorable mention for the 2018 Sherwin-Williams Impact Award.

and edges to ensure a sufficient film build. For the topcoat, they sprayed
the 64,000-square-foot interior surface with a 25- to 30-mil layer of
the high-build SherPlate PW Epoxy material to ensure a high-quality,
long-lasting lining system.
Moving to the tank’s exterior, KPI performed SSPC-SP6 Commercial
Blast Cleaning surface preparation followed by applying a three-coat
system. Like the tank interior, KPI used Corothane I – GalvaPac Zinc
Primer 1K as the exterior primer, spray-applying the fast-drying coating at 3.5-5 mils DFT. Next, they applied a 4- to 6-mil DFT intermediate coat of Macropoxy 646 Fast Cure Epoxy, which has a high-solids
content and good brush/roll application characteristics to ensure adequate protection of sharp edges, corners, and welds. For the topcoat,
they applied Hi-Solids Polyurethane MR, a gloss- and color-retentive
coating that resists film attack by mildew, at 3-5 mils DFT to promote
a long-lasting aesthetic finish. Finally, KPI added a 20-foot-diameter
BWRPWA logo using Fluorokem HS, an ultra-durable, high-solids
fluoropolymer urethane designed for extreme weather durability, at
2-3.5 mils DFT.
To address the two approximately 80-foot-diameter by 5-foot-deep
water treatment plant clarifiers, KPI first performed SSPC-SP10 NearWhite Blast Cleaning to remove all contaminants from the steel. Next,
they replaced some steel, patched some areas with welds, and applied
Sherwin-Williams Steel-Seam FT910 Epoxy Patching and Surfacing
Compound into deep pits. The 100 percent solids epoxy patching and
surfacing compound fills corrosion pits and sharp angles to restore the
steel surface closer to its original plane. KPI then applied two coats
of Macropoxy 646, totaling 12-16 mils DFT, while stripe coating all
welds and crevices prior to applying each coat. KPI also coated the
clarifiers’ walkways and other areas above the waterline using HiSolids Polyurethane.
Information provided by Sherwin-Williams Protective & Marine Coatings
(www.sherwin-williams.com/protective).
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A geotextile fabric was installed over the entire excavated surface to form an envelope around the system. Fill was crushed stone.

Moncton moves to
underground stormwater
detention system
New Brunswick’s largest city adds downtown entertainment
complex and remedies overloading sewer system.

To meet the city’s Zero Net Increase (ZNI) requirement for stormwater runoff at the new Moncton Downtown Centre (MDC), engineers
designed an underground system that would solve a number of problems. Facing the city’s in-house design team were several obstacles,
including little usable land, possible contaminates in the soil, and a
high water table.
Opened in August 2018, the $104 million MDC was constructed on the
former site of the Highfield Square shopping center adjacent to the CN/
VIA Rail Station in the heart of downtown Moncton, New Brunswick.
To prepare for this redevelopment, a stormwater detention management plan and system was required.
To restrict the flow of stormwater leaving private property and avoid
overloading storm sewers, several years ago the City of Moncton adopted regulations that require post-construction stormwater volumes
remain equal to the pre-construction amount. To meet regulatory
requirements, proposed solutions usually include construction of an
open-air or underground detention system.
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Originally, two open-air basins were considered to handle runoff at the
new complex, but this type of structure requires a large footprint, while
the space allocated was already limited and was planned for other
surface developments, including an ice rink and music pavilion. In addition, due to past industrial land use and the high water table at that
location, installation of a watertight detention system was an important
criterion in the selection of the solution.
“Urban redevelopment tends to replace natural pervious surfaces with
impervious surfaces, including rooftops, parking lots, and plazas,” said
Darryl Bonhower, P.Eng., project engineer/ingénieur de projets for the
City of Moncton. “Adding impervious surfaces increases both the peak
flow and volume of stormwater runoff. ZNI for stormwater requires
that post-development peak flows do not exceed pre-development peak
flows for a wide range of rainfall events from the two-year storm to the
100-year storm event. ZNI requirements indicated that approximately
1,600 cubic meters of onsite detention storage was required for this
project.”
Bonhower decided to use an underground watertight detention system
that would use high-density polyethylene (HDPE) pipe in diameters
up to 48 inches. From the design stage, the diameter of the pipe was
adapted to the soil and its characteristics, making it possible to construct a tailor-made underground detention system that complies with
the ground topography.
“Initially, conventional detention basins were considered for the
MDC,” he said. “The volume of onsite detention storage, the required
footprint area, and public safety concerns, however, indicated that an
underground detention system (UDS) would be more appropriate for
the location.”

The City of Moncton evaluated several UDS technologies and products
available, but at this particular site, high groundwater elevations were
a concern. Recognizing the previous use of the site, there was a possibility that local soils and groundwater could contain contaminants.
“We determined that the UDS had to be a watertight system so that
the impacted groundwater could not migrate into the UDS and be conveyed to the storm outfall.” Bonhower said. “This watertight requirement eliminated a number of UDS technologies and materials. In order
to provide [56,503 cubic feet] of onsite stormwater detention storage,
the UDS was constructed with approximately [4,400 feet] of [48-inchdiameter] HDPE pipe in 18 rows complete with headers, inspection
ports, and inlet/outlet connections.”
Dan Currence, P.E., director of engineering for the Plastics Pipe Institute, Inc. (PPI) corrugated plastics pipe association division, said
the HDPE pipe was the correct solution for the situation. PPI is the
major North American trade association representing all segments of
the plastic pipe industry.
“Pipe-grade HDPE is a highly engineered compound that is designed
for long-term service in critical applications and put through a series of
rigorous testing procedures before it is available for manufacturing,”
he said. “For this project, that need was paramount. Whatever product
would be used would need to able to stand up to any corrosive contaminants in the soil and also be strong enough to meet the load bearing
requirements from above. And another significant challenge was how
to keep pollutants in the surrounding soil from entering the system.
The HDPE pipe would provide the flow characteristics, stand up to
the harsh environment, and have a gasket that would securely seal the
pipe joints. This same project built out of concrete would have required
about 2.3 times more joints, increasing the risk of possible leaks.”
For the underground watertight detention system, Bonhower elected to
use Solflo Max HDPE pipe from Soleno, Inc. (Saint-Jean-Sur-Richelieu) that has a bell and spigot with an O-ring gasket. During the spring
of 2017, the subcontractor, Carter Excavating Ltd., installed more than
4,750 linear feet of 48-inch-diameter pipe in a trench that was 124 feet
wide by 264 feet long and 12.6 feet deep. This system will store the
423,000 gallons of water during heavy rain events.
More than 40 custom-made fittings and accessories were used to
construct this system in eight weeks. It includes four access chimneys
attached to the pipe for inspection and maintenance, two of which will
be used solely for the complex; a third will serve the plaza. A geotextile
fabric was installed over the entire excavated surface to form an envelope around the system. Fill was crushed stone.
The Solflo Max pipe was manufactured locally at Soleno’s McAdam,
New Brunswick plant. The corrugated HDPE pipe meets AASHTO
M294 and ASTM F2306 material standards and complies with Canadian Standards Association, CAN/CSA B182.8. Fabrication of the
fittings was done at Soleno’s McAdam and Saint-Jean-Sur-Richelieu
plants.

To provide 56,503 cubic feet of onsite stormwater detention storage, the underground
detention system was constructed with approximately 4,400 feet of 48-inch-diameter
HDPE pipe in 18 rows complete with headers, inspection ports, and inlet/outlet
connections.

As with any watertight system in high groundwater conditions, buoyancy forces causing uplift of the UDS were a concern. Bonhower
worked closely with the engineering support provided by Soleno to
ensure that adequate cover was provided over the UDS. Recognizing that the UDS was located beneath the MDC Plaza was another
concern. A refrigerated ice surface for skating and a soundstage were
located directly above the UDS. Once again, the city worked closely
with engineering support provided by Soleno to ensure that the UDS
could withstand the dead load.
The bedding and compaction of flexible pipe is integral to ensure the
structural integrity of the UDS in order to prevent deflection of the
flexible pipe. Additionally, upon installation and bedding, each joint of
the UDS was inspected to ensure that there was no immediate deflection due to installation. Upon completion and backfilling, each joint of
the UDS was once again inspected to ensure there was no short-term
deflection during installation.
“Moncton’s first HDPE detention system, which is watertight, allows the city to ensure the durability of its infrastructure and control
stormwater runoff,” said Tony Radoszewski, CAE, president of PPI.
“HDPE pipe is a sustainable and environmentally responsible choice
that will serve generations to come. It is ecologically friendly during manufacturing and provides peak protection from contamination
during service. Strong, durable, lightweight, and flexible, HDPE pipe
systems require significantly less energy to fabricate, transport, and
install than metal or concrete alternatives. With superior resistance to
corrosion and abrasion, plastic piping systems also supply long service
life [and] excellent joint performance, adding up to exceptional value.
That is why PPI can emphatically state that this was the right choice for
the City of Moncton’s Downtown Centre.”
Information provided by the Plastics Pipe Institute (www.plasticpipe.com).
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Engineers should specify materials and design layouts that make food-handling facilities easy to clean, with adequate water flow and an efficient drainage system.

Manufacturing plant
drainage design
Best design practices at facilities where food is handled can help
drastically reduce foodborne illnesses.
Manufacturing and food processing/packaging plants play a pivotal

role in our society today. With less than 5 percent of people hunting
and gathering their own food, most of us rely on food that has been
prepared for us. Some of this food is rather easy to transfer and package
thousands of miles across the country with very little risk of contamination. Some of it, on the other hand, can require a lot of discipline
and awareness to keep the customers who will eventually eat it from
becoming ill.
Animal products and food such as bread that is easily contaminated are
some of the most common culprits of foodborne illnesses. The Centers
for Disease Control and Prevention (CDC) estimates that almost 48
million people per year are affected by foodborne illnesses. Of those,
3,000 die each year.
These diseases can be prevented almost entirely by proper prevention
methods. While they will never be entirely eliminated, best design
practices at facilities where food is handled can help drastically reduce
the number of foodborne illnesses contracted each year. Sanitation and
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cleanliness protocols are essential at these facilities, as well as the need
for efficient drainage.
To better understand how food-handling facilities can design drains to
be more efficient, following are some of the factors to consider when
planning the drainage system of a facility that handles food products.
Build a cleanable facility — The first step is to use materials and
design layouts that make the facility easy to clean. Make sure there
is room between pipes and the walls for cleaning, and use washable
jackets on insulated pipes. Caulk the perimeter of backer boards and
use stainless steel plumbing. If a facility has any unreachable corner,
it’s likely that area can become infected. An overall easy-to-reach facility means it can be cleaned consistently throughout.
Ensure adequate water flow — Many facilities can’t provide enough
hot water for cleaning, or the water pressure fluctuates. This is a problem because high-pressure hot water is needed to clean properly.
This can be prevented by conducting a flow test on the facility and
sizing backflow prevention devices to minimize pressure drops. A hot
water recirculating system can also help make sure that hot water is
always available for cleaning hands and washing dishes.
To best determine hot water needs during cleaning, perform a complete
analysis of demands. Is there a water defrost on the blast freezer? Will
the entire plant be washed down at the same time or will different areas
be washed at different times? How many different hose stations will
be running at one time? All of these questions will help straighten out
water flow.

Install an efficient drainage system — This might be the most important thing to get right when it comes to preventing foodborne illnesses.
Proper sanitary drainage will not only help keep a facility clean for
employees, it will prevent potential contamination of products.
There are many types of sanitary drainage systems available. Some
types of drainage aren’t suited for certain types of wastes, so the content of waste is another consideration. Whether producing solids or
grease waste, the facility needs the correct waste systems with the right
interceptors to mitigate potential contaminants.
Also, know what kind of traffic will be running over drains. Is it going
to be a lot of foot traffic or will heavy vehicles and machinery also be
running over the drains? A cracked-open drain grate can cause injury.
Pitching floors is a good idea so that that waste naturally flows to the
drain on its own.
Also make sure that indirect waste receptors are large enough to handle
the anticipated level of flow and that floor sinks are big enough to
prevent backup or splashing at full flow. It’s also a bad idea to run

waste piping below a freezer. The temperature fluctuation will cause
clogging, poor flow, leakage, and fractures over time.
Other considerations — There are a variety of other things to keep in
mind when it comes to maintaining a clean facility. Good ventilation
is important and employees should be wearing the proper equipment
such as facemasks before beginning cleaning. Ensure that employees
have access to goggles, leather gloves, and non-slip shoes. Cotton
gloves are not ok to use because they can catch in the cable.
Prevent cross-contamination by keeping sanitary and plant waste systems completely separate.
Following all of these steps and taking everything into consideration
during plant design can effectively minimize the chance of spreading
a foodborne illness.

Information provided by Slot Drain Systems (www.slotdrainsystems.com).
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Denver will host the 2019 International Erosion Control Association (IECA) Annual Conference and Expo.

2019 IECA
Annual Conference
Denver hosts a week of technical training,
networking, and exhibitions for erosion control
and stormwater management professionals.
The 2019 International Erosion Control Association (IECA) Annual

Conference and Expo, Feb. 19-22 at the Colorado Convention Center
in Denver, offers almost a full week of technical training, networking
with erosion control and stormwater management professionals, and
examining the latest technologies and services for the industry.

Keynotes

In the conference opening keynote — Make a Difference by Loving
What You Do — Ken A. MacKenzie, P.E., executive director of the
Urban Drainage and Flood Control District (UDFCD), headquartered
in Denver, offers reflections on 50 years of employment as everything
from dishwasher to airplane mechanic to executive director, and the
transformational power of not necessarily doing what you love, but
rather loving what you do.
UDFCD covers more than 1,600 square miles of service area along the
Colorado Front Range and serves seven counties, 36 cities and towns,
3,500 stream miles, and 3 million people (60 percent of the state’s
population). MacKenzie has worked for this organization since 1995
in several engineering roles related to planning, design, construction,
and maintenance of urban stormwater drainage and water quality infrastructure. He also serves on the boards of directors for the National
Association of Flood and Stormwater Management Agencies and for
the Urban Watersheds Research Institute. He has been active in the
American Society of Civil Engineers’ Environmental and Water Resources Institute for more than 20 years.
In a closing keynote, Janet Kieler, P.E., director of environmental programs, Denver International Airport, presents, Do I Really Own This?
Perspectives of a Large Project Owner. This keynote will focus on
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unique erosion control challenges faced today by the City and County
of Denver’s Department of Aviation, owner and operator of Denver
International Airport (DEN). DEN is a unique property. At 53 square
miles, it is the second largest airport in the world and the biggest in the
United States at almost twice the size of its domestic runner up, Dallas
Fort Worth International Airport.
As the last major international airport built in the U.S., and one that was
designed to remove the space constraints posed by the former airport,
the land disturbance associated with original construction was massive and largely uncontrolled, given the pre-permitting era in which
it was built. Now, after opening its doors more than two decades ago,
the culture of ownership around the built environment is making its
way to the unbuilt environment and bringing renewed success to land
management practices.

Education opportunities

The IECA Annual Conference offers a range of educational opportunities. Fireside chats give attendees an opportunity to engage with a panel
of experts on a variety of topics. Roundtables allow attendees to learn
from each other and discuss practical solutions to real world problems.
Case studies, technical papers, workshops, and product presentations
in the form of 100 technical sessions provide education and practical
knowledge.
Technical sessions are offered in five tracks:
• Erosion and Sediment Control;
• Stormwater Management;
• Wetland, Stream Bank, and Shoreline Restoration;
• Business; and
• Regulatory.

Preconference workshops

IECA has been approved as a registered education provider with the
Registered Continuing Education Provider (RCEP) program, managed
by the American Council of Engineering Companies. Each of the halfday courses at the IECA 2019 Annual Conference & Expo (https://
www.eventscribe.com/2019/IECA/agenda.asp?pfp=Preconference)
will provide 4 Professional Development Hours of credit reported to
RCEP. Half-day courses include the following, all held on Tuesday,
Feb. 19:

Bioengineering for slopes and streams plus case studies — The
course will be a compilation of not only the Principles and History of
Biotechnical methods but also present published and peer reviewed
information from Compendiums and Manuals written by John McCullah, AA, BS, CPESC, over the last 25 years.
Inspection and maintenance of post-construction water quality
Best Management Practices (BMPs) — This workshop will cover a
brief introduction of stormwater quality management, why post-construction BMPs are being installed, and the regulatory mechanism that
is used for ensuring the installation and continued operation of BMPs.
High altitude revegetation: Challenges and successes to establish
vegetation and control erosion on disturbed landscapes — This
course will cover basic theory in restoration ecology as well as common ecological restoration practices in different settings. Examples
from previous research projects will show challenges of revegetating
high-altitude ecosystems as well as failed and successful projects.
Erosion, sediment, and turbidity control on linear projects — This
course will cover a wide range of BMPs to control erosion and to
reduce sediment and turbidity in stormwater discharges from linear
construction projects.
Naturalizing performance standards for urban channel “restoration” — This presentation will discuss many lessons learned from
evaluating the geomorphic potential and departure analysis of a
disturbed urban and suburban river systems. RiverSHARED professionals will share the simplified standards and process that the Denver
UDFCD has been encouraging for many future developments within
the Denver Metro area, as well as an in-leu fee program.
The 5 Ps to motivate a compliant project — This session steps
through five elements that motivate compliance: Productivity, Performance, People, Professionalism, and Profitability.

Field events

Attendees can participate in two field events to see firsthand how
green infrastructure is being integrated into Denver’s urban landscape.
Participation in these events requires a full conference pass or a day
conference pass for the day of the field event and purchase of the field
tour admittance ticket. Space is limited.
On Thursday, Feb. 21, Integrating Green Infrastructure into The RiNo
Arts District features a one-time warehouse district that now includes
an eclectic mix of new artistic businesses, restaurants, professional
offices, mixed-use residential, and a reconstructed Brighton Boulevard. Redevelopment of the area embraces a variety of green building
strategies, including several different approaches to the integration of
green infrastructure. This walking tour will explore a handful of green
infrastructure strategies such as a green alley, streetside stormwater
planters, a regional water quality outfall, and more.
On Friday, Feb. 22, Integrating Green Infrastructure in Denver; from
Regional to Site Scale starts with an hour-long presentation on the
development and current status of the green infrastructure program,

The closing keynote focuses on unique erosion control challenges faced by the City
and County of Denver’s Department of Aviation, owner and operator of the expansive
Denver International Airport. Photo: courtesy Denver International Airport

including development of the Ultra Urban Green Infrastructure Guidelines and the citywide Green Infrastructure Implementation Strategy.
Following the presentation, the group will tour four to five sites in
the Denver area that highlight the range of solutions that the City of
Denver is utilizing to help address water quality challenges in Cherry
Creek and the South Platte River.

Exhibit hall

In addition to more than 125 exhibitors of products and services for
design and construction of erosion control, water quality, and stormwater management projects, IECA announced two new features in the
exhibit hall:
Natural Resources Conservation Service (NRCS): Soil Health Demonstrations — The NRCS team demonstrates a Rainfall Simulator that
shows the effects of infiltration and runoff as it occurs on land. This
demonstration will teach soil health principles and provide an opportunity to talk with a soil scientist. NRCS will also have a microscope
that will be used to assess soil health and view the living ecosystem in
the soil.
Demo Theater and Lounge — This new lounge area provides an opportunity to take a moment to put your feet up while learning from
industry-specific application videos. Participating vendors and presentations include:
• Erosion Control Technology Council — Installation videos give step-by-step
instructions for installing hydraulic erosion control products, rolled erosion
control products, and sediment retention fiber rolls.
• Colorado Department of Transportation — An augmented reality sandbox is
equipped with a Kinect 3D camera and a projector to project a real-time colored topographic map with contour lines onto the sand surface. The sandbox
lets virtual water flow over the surface using a GPU-based simulation of the
Saint-Venant set of shallow water equations.
• NRCS — Soil Health Theater presents video demonstrations on soil health
and the men and women who are farming with Soil Health Management
Systems, a growing movement to “unlock the secrets in the soil.”
For more information about the 2019 IECA Annual Conference and
Expo and to register, visit www.eventscribe.com/2019/IECA.

Information provided by the International Erosion Control Association 		
(www.ieca.org).
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Road overhaul
National Academies report says the U.S. Interstate Highways
System requires significant commitment for federal and
state coordination and funding.
The future of the U.S. Interstate Highway System is threatened by a persistent and growing backlog of structural and operational deficiencies
and by various looming challenges, such as the progress of automated
vehicles, developments in electric vehicles, and vulnerabilities due to
climate change. Unless a commitment is made to remedy the system’s
deficiencies and prepare for these oncoming challenges, there is a real
risk that the nation’s interstates will become increasingly unreliable
and congested, far more costly to maintain, less safe, incompatible with
evolving technology, and vulnerable to the effects of extreme weather,
according to a new congressionally mandated report from the National
Academies of Sciences, Engineering, and Medicine.
The report, Renewing the National Commitment to the Interstate Highway System: A Foundation for the Future, calls for a 20-year “blueprint
for action,” which includes creating an “Interstate Highway System
Renewal and Modernization Program,” increasing the federal fuel tax
to help pay for it, and allowing tolls and per-mile-charges on more
interstate routes.
“The interstates have long been the backbone of our country’s transportation system, but most of them have exceeded their design lives and in
many places are worn and overused,” said Norman Augustine, former
chairman and CEO of Lockheed Martin Corp. and chair of the committee that wrote the report. “These aging interstates are highly congested
oftentimes and in need of reconstruction. Furthermore, technological
advances are offering new opportunities, but they may also undermine
a principal source of income for the interstates, namely the tax on fuel.
We recommend a course of action that is aggressive and ambitious, but
by no means novel. Essentially, we need a reinvigoration of the federal
and state partnership that produced the Interstate Highway System in
the first place.”
The Dwight D. Eisenhower National System of Interstate and Defense
Highways was authorized in 1956 and designed to provide safe and
efficient transportation across states. The highways serve as both urban commuter and inter-urban travel corridors, integrate the country’s
freight system by connecting to major ports and rail hubs, and are
critical to the logistics of national defense. Constituting about 1 percent
of public road mileage, the interstates carry about one-fourth of the
nation’s vehicle miles traveled, including about one-half of the miles
traveled by heavy trucks.
Moreover, per vehicle mile traveled, interstate highways are the safest
roads in the country. Because of their heavy use, however, they still
account for more than 5,000 traffic deaths per year. Nevertheless, today
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they suffer from severe congestion, mainly in urban areas, and in many
cases are in need of costly reconstruction.

Looming challenges

The committee identified a series of challenges — both long-standing
and emerging ones — that confront the future of the interstates. These
include:
• rebuilding the system’s pavements, bridges, and other aging assets before
they become unserviceable and less safe;
• adding more traffic capacity and demand management capabilities, especially on congested urban segments;
• ensuring the system’s coverage keeps pace with changes in the location of
the country’s population and economic growth;
• improving safety as traffic volumes increase;
• adapting to changing vehicle technologies;
• adopting new user-based funding mechanisms that will generate the
needed reinvestment revenues; and
• incorporating changing climate conditions into planning and design.
For example, more than one-third of interstate bridges have been in
service for more than 50 years and will require repair and renewal
investments that will add significantly to the major outlays required
for rebuilding the system’s original pavement foundation. In addition,
large metropolitan areas are expected to continue to account for most
of the country’s population growth, yet their interstates have little room
to expand locally and are likely to require innovative solutions to accommodate growing travel demand.
The committee noted that advances in technology — ranging from more
efficient and faster construction methods and more durable materials to
electronic tolling and increasingly connected and automated vehicles
— could make the rebuilding of the Interstate Highway System and the
allocation of its capacity more manageable, while also furthering the
continual goal of increasing the system’s capacity and level of safety.

An investment imperative

The report's proposed major upgrade of the Interstate Highway System
would require the federal and state governments to coordinate and focus their efforts on a goal similar to the one that motivated the system’s
development under the original Interstate Highway System Construction Program. Therefore, the committee recommended that Congress

legislate the Interstate Highway System Renewal and Modernization
Program (RAMP) to reinforce a partnership where the federal government would provide leadership, vision, and the bulk of the funding,
and the states would prioritize and execute projects in their traditional
role as owners, builders, and maintainers of the system.

Download a free copy of the report, Renewing the National Commitment to the Interstate Highway System: A Foundation for the Future,
at www.nap.edu/catalog/25334/renewing-the-national-commitmentto-the-interstate-highway-system-a-foundation-for-the-future.

Recent combined state and federal capital spending on the interstates
has been approximately $25 billion annually. To renew and modernize these highways over the next 20 years, $45 billion to $70 billion
will be required annually, depending on uncertainties, such as the rate
of growth of vehicle miles traveled. The committee noted, however,
that these estimates may be low, because they do not include funding
required to reconfigure and reconstruct many of the interstates’ 15,000
interchanges or make the system more resilient to the effects of climate
change.

Information provided by the National Academies of Sciences, Engineering, and
Medicine (http://national-academies.org).

To raise the additional new revenue needed for system upgrades, the
committee recommended increasing the federal fuel tax in the near
term and allowing tolls or per-mile charges on interstate users. Lifting
the ban on tolling that applies to most general purpose interstate lanes
would provide states and metropolitan areas with more options for
raising revenue for their share of RAMP investments and for managing
the traffic demand on and operations of interstate segments that offer
limited opportunity for physical expansion.

Additional recommendations

Congress should direct the U.S. Department of Transportation (DOT)
and Federal Highway Administration (FHWA) to establish criteria for
“rightsizing” the interstates — which would extend the system’s length
and scope of coverage and remediate disruptions caused by highway
segments that are viewed as intrusive to local communities. These criteria should be developed in consultation with states, local communities,
highway users, and the general public and take into account the needs
of growing regions and cities for improved access to the transportation
network, as well as the interests of jurisdictions that have been harmed
by interstate segments that divide or isolate neighborhoods.
In addition, Congress should direct U.S. DOT and FHWA — working
with states, industry, and independent technical experts — to start planning for the transition to more automated and connected vehicle operations, the committee said. This effort should entail the needed research
and updates to Interstate Highway System requirements and standards
to ensure that basic intelligent transportation system instrumentation
is adopted on a consistent and systemwide basis, and that uniformity
and other attributes of pavement markings, interchange design, and the
like are capable of facilitating eventual interstate use by connected and
automated vehicles.
The study was sponsored by the U.S. Department of Transportation.
The National Academies of Sciences, Engineering, and Medicine are
private, nonprofit institutions that provide independent, objective analysis and advice to the nation to solve complex problems and inform
public policy decisions related to science, technology, and medicine.
They operate under an 1863 congressional charter to the National
Academy of Sciences, signed by President Lincoln.

Voters support transportation
investment
On Nov. 6, 2018, voters in 31 states approved
272 (79 percent) of 346 state and local ballot
measures. In total, the approved initiatives are
expected to generate more than $30 billion
in one-time and recurring revenue, according
to an analysis conducted by the American
Road & Transportation Builders Association’s
Transportation Investment Advocacy Center
(ARTBA-TIAC).
The 2018 preliminary results reaffirmed the trend
of recent years, demonstrating strong voter
support for investments to maintain and improve
state and local transportation networks. Including
2018, voters have approved 78 percent of nearly
1,700 transportation investment ballot measures
tracked by ARTBA-TIAC since 2009.
In the most closely watched initiative of 2018,
California voters turned back Proposition 6, an
effort to repeal an increase in the state gasoline
and diesel motor fuels tax that had been approved
by the legislature as part of a 2017 transportation
funding law. The 55 percent to 45 percent decision
by voters will help preserve more than $50 billion
for highway, bridge, and transit improvements in
California over a 10-year period.
Earlier in 2018, voters approved 192 measures for
an additional $6.4 billion in transportation revenue.
The market impact of these ballot measures is
difficult to project as revenue approved ranges
from immediate one-time investment to a
contribution made annually for as long as 30
years.
The complete report and an interactive map
showing state-by-state results is available at www.
transportationinvestment.org.
january 2019
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Transportation
construction market
2019 forecast
Investments by all levels of government expected to drive growth
across all modes.
The U.S. transportation infrastructure market is expected to grow
4.2 percent in 2019, according to the annual economic forecast by the
American Road & Transportation Builders Association (ARTBA).
Increased transportation investment by federal, state, and local governments will help drive the growth across all modes, ARTBA Chief
Economist Alison Premo Black, Ph.D., said.
Total domestic transportation construction and related market activity
is projected to reach $278.1 billion, up from 2018’s $266.9 billion,
after adjusting for project costs and inflation. The transportation construction market also grew by 4.2 percent in 2018 compared with 2017,
driven largely by gains in airport terminal and runway construction,
which increased by $5.8 billion, or 33 percent. Spending on public
highway and street construction increased by $2.7 billion in 2018.
One wild card in the forecast, Black said, is the outlook for the scheduled 2020 reauthorization of the FAST Act surface transportation law
and the ability of Congress to find additional revenues to support the
Highway Trust Fund. “If states start delaying transportation improvement projects in response to uncertainty over the future of the federal
program, it will temper 2019 market growth,” she said.
Although the overall U.S. transportation infrastructure market will see
growth next year, the situation will likely vary significantly by state
and region, according to Black. Highway construction market activity is expected to increase in about half of the states and Washington,
D.C. The market should be steady in another five states, with activity
expected to slow down in the remaining 20 states.
Other market risks include uncertainty over material prices, increased
labor costs, and potential labor shortages in some regional markets.

Bridges and tunnels
• The pace of bridge and tunnel work slowed in 2018 but is expected to grow
1.5 percent next year to $31.7 billion, with the pace increasing to more than
2 percent annually in 2020 and beyond.
Light rail, subways, and railroads
• Public transit and rail construction is expected to increase from $19 billion
in 2018 to $20 billion in 2019, a 5.7 percent increase.
• Subway and light rail investment is expected to reach a new record level,
increasing from $7.7 billion in 2018 to $8.2 billion in 2019.
Airport runways and terminals
• After growing 38 percent in 2018, airport terminal and related work, including structures such as parking garages, hangars, air freight terminals, and
traffic towers, is expected to increase from $18.4 billion in 2018 to $19.2
billion, an increase of 4.5 percent.
• Runway work, which was up 18 percent in 2018, is forecasted to increase
from $4.9 billion in 2018 to $5.1 billion in 2019.
Ports and waterways
• The value of port and waterway investment is expected to grow 3 percent
to $2.6 billion in 2019. Construction activity in 2018 was $2.5 billion, up from
$2.2 billion in 2017.

Among the other findings in Black’s forecast:

ARTBA’s forecast is based on a series of proprietary econometric
models for each mode and analysis of federal, state, and local data and
market intelligence. The full forecast can be purchased at
www.artbastore.org.

Public and private highway, street, and related construction
• The real value of public highway, street, and related work by state transportation departments and local governments — the largest market sector — is
expected to increase by 5 percent to $66.5 billion after growing 4.5 percent
in 2018.
• Work on private highways, bridges, parking lots, and driveways will increase from $65.9 billion in 2018 to $69.1 billion in 2019 and will continue to
grow during the next five years as market activity increases in those sectors.

Information provided by the American Road & Transportation Builders Association (www.artba.org).

54

csengineermag.com

january 2019

Diverging Diamond Interchange designs are beneficial for locations with heavy lefts on and off of freeway ramps.

How to keep
trucking along
Diverging Diamond Interchanges and roundabouts
can be designed to help all roadway users.
By Meredith K. Cebelak, Ph.D., P.E.

Like many other Americans, getting ready for the recent holiday season meant travel and gift giving. With the advent of e-commerce, the
latter has become more convenient, but this convenience comes at a
price: more trucks on the roadways. Personally, I enjoy seeing trucks
moving goods throughout my city because more trucks mean a thriving economy. However, not everyone shares my attitude. I often hear
about how slow they are moving through non-highway systems or how
someone was “stuck” behind a truck at an interchange trying to get
onto the interstate.

Historically, traditional roadway design has focused on the passenger
vehicle with other modes taking a back seat when it comes to design
considerations. However, with a shift toward complete streets, transportation engineers are taking a more holistic view of the transportation network and looking for ways to address the needs of all users,
including the bicycle, pedestrian, transit, and trucking communities.

The case for freight

According to the Bureau of Transportation Statistics’ 2017 Freight
Facts & Figures report, 11.5 billion tons of goods were moved via truck
in 2015; by 2045 this number is expected to reach 16.5 billion tons.
This increase means more trucks using the transportation network to
move goods, and while these vehicles utilize the National Highway
System, it is important to remember that the last mile is always on a
truck.
Annually, the American Transportation Research Institute (ATRI)
surveys the trucking community to determine the critical issues the
industry is facing. Transportation infrastructure, congestion, and funding made the “Top Ten” list from this report, which notes that traffic
congestion and poorly maintained roads create wear and tear on vehicles, increase fuel consumption and emissions, add stress to drivers,
and negatively impact productivity. With estimates of $74.5 billion
of additional operational costs during 2016 attributed to congestionrelated delays, the problem is greater than just being stuck in traffic
with trucks.
Moving the trucking community through our transportation network
as efficiently as possible requires designers to think about how the
type of vehicle operates in a more meaningful way. Two innovative
intersection design alternatives have been selected to further explore
opportunities to address the needs of the trucking community: Diverging Diamond Interchanges (DDIs) and roundabouts.
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Roundabouts

Similar to DDIs, roundabouts have grown in popularity and use
throughout the U.S. and Puerto Rico. In fact, every state within the
U.S. and in Puerto Rico has at least one roundabout, with some states
being home to more than 100 (Figure 3). Keeping in mind that the
last mile for freight is always on a truck, it’s likely that a truck will
encounter a roundabout at some point.
Often, roundabouts are used in locations where there is unbalanced
flow, high turning volumes, and a need to reduce speeds and/or congestion. While these intersections do reduce crashes and delays, and allow
traffic to continuously flow, not all users think they’re a great design.
From a trucking perspective, roundabouts can be difficult to navigate,
as they are often “too small” and have travel path issues. There are
times when a truck driver is unaware that a roundabout exists on the
route, which creates additional issues.

Figure 1: Diverging Diamond Interchange Navigation

Diverging Diamond Interchanges

In a DDI, vehicles are moved from one side of the roadway to the
opposite side for the non-freeway system (Figure 1). These designs are
beneficial for locations with heavy lefts on and off of freeway ramps,
moderate and unbalanced crossroad volumes, locations with left turn
safety concerns, and where there is a need to add capacity without widening the facility. DDIs eliminate left crashes and have been shown to
reduce right angle and rear end crashes, as well as to reduce delay and
congestion due to the increase in capacity. Having grown in popularity
and use in recent years, DDIs are operational, being designed and built,
or being studied, in nearly every state in the U.S. (Figure 2).

An ATRI survey on roundabouts and large trucks found that more than
70 percent of the people surveyed found them to be more problematic
than other intersections. Respondents noted that trailers often encroach
into the center or second lane, elevated or sloped curbs cause problems for 90° turns, and center island aesthetics caused blind spots for
drivers. However, all is not lost! There are design considerations that
engineers can use that can address the trucking community’s concerns.
Size matters — Traditionally, roundabouts are designed with a central
island that is sized for traffic to move around the facility in a circular
motion. For the trucking community, the size of the inscribed circle
can create significant issues for moving within the prescribed pathway,
including vehicles getting stuck and even tipping over, both of which

From the trucking community’s perspective, these interchanges, when
designed correctly, easily accommodate large commercial vehicles
(even long combination vehicles) and navigating road crossings and
ramps is a non-issue. The state of Missouri performed a performance
evaluation on its I-44 and Route 13 DDI and found that 83 percent of
the truck drivers surveyed felt that maneuvering a large truck through
the interchange was easy and not any different from other interchanges.
When designing a DDI with freight in mind, there are a few things to
keep in mind. First, engage the community early, especially the freight
community. Also think about detour routes; while the interchange may
not be heavy with freight traditionally, that may change if it is on a
detour route. Design lane widths to accommodate truck movements
by widening crossover and turning lanes, consider the single- versus
double-lane configuration, and keep path alignments as “straight”
through as possible. Finally, consider using rolled-raised curbs, which
can help trucks avoid tire damage and blowouts.
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Roundabouts are often used in locations where there is unbalanced flow, high turning
volumes, and a need to reduce speeds and/or congestion.

Figure 2: Diverging Diamond Interchanges within the U.S. and Puerto Rico

negatively impact the driver and the delivery. By considering road classifications and surrounding land use when adjusting the central island,
roundabout designers can provide more space for trucks to negotiate
the center island.
In addition to appropriately sizing the central island, using irregularshaped islands such as ovals and teardrops can also be effective. These
size and shape design considerations are particularly important where
there may be a large number of trucks that need to make a left or
through movement within the roundabout or when longer combination
vehicles may be making deliveries. Similar to the DDI, using rolledraised curbs within the roundabout can be very impactful.
Eyes on the road — We have all seen a roundabout with an art installation, water feature, or fancy landscaping in the middle. While these
features certainly add to the roundabout’s aesthetics, there can be significant safety consequences when drivers are focused on these items
rather than the roadway. There are even times when these features can
limit sight distance and/or provide obstructions that interfere with a
truck’s wheel path, limiting its ability to navigate around the roundabout. Limiting the features that are within the roundabout helps all
users utilize roundabouts safely.
Another consideration for designing roundabouts that enhances truck
mobility is the need to provide enough room for them to maneuver
through. In roundabouts that have two lanes, a truck may need to use
both lanes in order to negotiate the central island. FHWA’s Human Factors Laboratory is testing signs for use in roundabouts that let motorists
know that trucks may need both lanes, that wide turning movements
may be needed, and that passenger cars should be aware of being next
to the rear wheels of a truck that needs to use both lanes.
The Transportation Research Record: Journal of the Transportation
Research Board (TRB) published “Accommodation of Large Trucks in
Roundabouts: Motor Carrier Perspective” in 2013. The authors noted
the need for all areas to have a designated truck route and, from the motor carrier perspective, the need for these routes to be free of the issues
associated with roundabouts. From the carrier’s perspective, drivers
are the ones who have to figure out a way around the problem, only
adding stress on drivers.

Figure 3: Roundabouts within the U.S. and Puerto Rico

By examining where truck routes exist and looking at potential detour
routes, designers can determine if additional accommodations should
be made within the design for the trucking community. Additionally,
having all parties (state, city, and county governments) look at the
long-term plan for a region, including public and private developments, can provide additional insight into the current and future needs
of the system for the freight community, as well as if additional design
features to support truck mobility are needed.

Keep on trucking

Moving the trucking community through our transportation network
efficiently and effectively requires us to engage, consider, and design
for the needs of the trucking community, which we can only do by
understanding the trucking community’s needs. When we engage
the freight community early and often by reaching out to local and
national organizations — such as the American Trucking Association,
Association of American Railroads, Council of Supply Chain Management Professionals, National Industrial Transportation League, and
Transportation Clubs International — we can better understand who
we’re designing for. Engaging with these organizations can include
networking events, educational seminars, newsletters, websites, surveys, one-on-one interviews, focus groups, and freight forums. It can
also be beneficial to get plugged in with freight advisory groups at
the state, regional, and local levels, as well as economic development
groups.
As the freight industry continues to grow, freight considerations can
no longer take a backseat in interchange design. By understanding the
needs of freight drivers, being aware of surrounding land use, considering potential detour routes, and making design accommodations for
oversized vehicles, we can create innovative interchanges that keep our
freight industry trucking along.
MEREDITH K. CEBELAK, PH.D., P.E., is a senior transportation system management
and operations engineer, associate, and freight enthusiast at Gresham Smith
(www.greshamsmith.com). She has a wide range of project experience that
includes freight planning studies, signal designs, intelligent transportation systems, and big data. She has been recognized as a Dwight David Eisenhower
Transportation Fellow and ENO Fellow, and is active in many Transportation
Research Board committees including the Urban Freight Transportation
committee.
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Tunnel vision
Blended technologies make short work of a
tight schedule and difficult conditions.
By John Stenmark, LS

John May is accustomed to taking on challenging projects. But even he

soon recognized that this one would be different. Meeting the project
requirements would involve multiple technologies, advanced software,
and a team of dedicated and — quite literally — flexible surveyors
who would spend days working in a cramped underground pipe built
to carry water, not humans.

The work originated from a utility owner in Northern California that
needed to rehabilitate a 90-year-old buried water pipeline. Over the
years, the 54-inch-diameter steel pipe had received periodic maintenance, retrofits, and repairs, including a concrete lining that would
introduce significant challenges as the project proceeded. The most
recent inspection revealed the need for more extensive work. Because
the pipeline lies close to major traffic arteries and a water treatment
plant, excavation to repair or replace it would be prohibitively expensive and disruptive.
The client’s engineers decided to use sliplining to install a new pipe
inside the existing water main. The approach would eliminate the
need for extensive excavation and greatly reduce the time and cost of
upgrading the old infrastructure. In order to design the sliplining and
installation process, the engineers needed precise information on the
existing pipeline.
The work fell to May, a project manager at California-based Towill,
Inc. He and his colleagues were called on to survey the interior of
roughly 1,800 feet of the active, pressurized waterline.
In addition to determining the horizontal and vertical alignment of the
pipe, they needed to provide data on the pipe’s ovality, or deformation from its original circular shape caused by external loading at the
surface. May explained that the waterline had been installed as two
semicircular sections. The sections were welded together using lock
bar joints to form a continuous pipe. Over time, the top of the pipe had
deflected downward in some areas, limiting the space available for the
new sliplining. The engineers also asked for information on bends and
vertical deflections in the alignment, the ends of visible lock bars, and
the locations where transmission and distribution lines connected to
the main.
The Towill team knew that the only way to gather such dense, detailed
data was from inside the pipe. It would not be a fun place to work.

Barriers to entry

“It was difficult going from the very beginning,” said JR Gregory, a
geospatial specialist at Towill who led the pipe survey as well as data
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Towill surveyors Jared McNeil (foreground) and James LaBasco wait while the SX10
completes a scan. The team cut down old tripods to work inside the pipe.

processing. Because the pipe served as an active water main, the client
was determined to minimize the time it could be shut down and drained
for the survey. “Our original plan called for 10 days of work inside the
pipe,” Gregory said. “But that was shortened to eight.”
In addition to the unforgiving schedule, the survey data needed to be
accurate and complete. There would be no possibility to return to the
site to collect any missing or questionable data.
May explained that in the “old days” the interior of the pipe would
be measured using a wooden cross frame that could adjust to find the
size of the pipe. The process is very slow, labor intensive, and prone
to inaccurate or incomplete data. It can’t accurately locate bends and
other aspects that are important in making the slipline fit.
3D scanning was proposed, but it also came with some concerns. “We
often use a blend of systems to maximize the value and efficiency of
our services, but this project really put us to the test. There was a suggestion to use a remotely operated transporter called a “pig” to move
through the pipe carrying a LiDAR scanner, but we determined that
approach couldn’t produce the needed accuracy.”
Drawing on their broad experience in laser scanning, the Towill team
decided to use both a 3D scanner and total station. They selected a
Trimble S7 total station and a Trimble SX10 scanning total station,
both controlled using Trimble Access software running on a Trimble
Tablet. Towill also owned a Faro Focus X330, which could handle the
short-range measurements needed for the work. In places, concrete
lining reduced the interior diameter to as small as 48 inches and the
scanning setups were as little as 24 inches from the pipe walls.
Prior to the field work, the team tested its methods and targets in a corridor at their office. The poor lighting inside the pipe raised concerns.
“We were aware that in this environment some of the intensity values
might bleed out on the checkerboard targets,” Gregory said. “To guard
against that we used a mixed approach of spheres and checkerboard
targets.”
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Tight spaces and tight specs

Gregory processed the data from the S7 and SX10 using Trimble
Business Center (TBC) software. Once final control values were determined, he processed the SX10 scans and converted them into a project
in Trimble RealWorks (TRW) software. To provide additional quality
analysis he compared the checkerboard target locations to values obtained from the S7 data.

Towill surveyor Jared McNeil operates the Trimble SX10 during the pipe survey. The
instrument provided scanning along with precise survey measurements.

The team initially planned to use magnetic mounts to attach the spherical and checkerboard targets to the pipe interior. But the concrete lining was several inches thick in places and the magnets couldn’t hold
tightly. They ended up using epoxy to attach many of the targets to the
lining. In other locations, targets were mounted on tripods.
Because the surveying needed to relate only to the pipe itself, the Towill team could reduce costs for their client by using a simple coordinate
system. They developed a plan to establish local coordinates for the
scanning targets in the pipeline. They used the Trimble S7 to conduct
an open traverse though the pipe, measuring multiple angle sets at each
setup. This was followed by the SX10, which provided an independent
check on the traverse and also produced scanning data on every sphere.
Both instruments performed well in the dank, low-light conditions.

“The results were well within our project tolerances except where a
target was accidentally bumped,” Gregory said. “This redundant parallel traverse provided an additional QA/QC benefit of the work. It saved
time, as we had unknowingly bumped several targets during work in
the restrictive environment.” He used a semi-automatic process in TRW
to extract coordinates and elevations for the spheres. In many places
those values would be used to compute the location of the scanner.
With the control established, Gregory next imported the scanner data
into TRW and registered the scans into a single point cloud. He made
additional quality checks and confirmed the maximum residual for all
scanner locations was 0.03 feet. The point cloud was then cleaned to
remove noise and unwanted objects captured in the scans. Due to the
confined space, the surveyors and their equipment were often captured
in the raw data and needed to be removed from the point cloud. From
the clean, fully registered point cloud, Gregory created a best-fit horizontal and vertical alignment along the center of the pipe. When the
team analyzed the alignment, they found multiple horizontal and vertical angle points that were not shown on any earlier plans or as-built
drawings.

“Our concerns regarding the target bleed-out came true,” Gregory
said. “A large number were not visible in the scanner’s point cloud.
However, the SX10 saved the day by providing control values on every
sphere without having to revisit them. Because we had problems with
the targets staying fixed to the walls, we wanted to stay clear of them
and avoid any activities that could affect the accuracy of our data.”
Towill selected a four-person survey team for the field work. The
surveyors were put through extensive safety training to qualify for access to the confined spaces. Just getting into the pipe required special
harnesses and climbing through access portals as small as 18 inches in
diameter. The client provided additional staffing for safety and aboveground support.
“It was not a pleasant environment,” Gregory said. “The access ports
got smaller as the work progressed and the instrument cases wouldn’t
fit through the manholes. We put the instruments into old GPS backpacks to carry and protect them. The pipe was shut down, but water
remained in many places.”
Accessing the pipe from three different locations, the teams completed
the traverse and scanning in eight days. The traverse stations were
roughly 150 to 200 feet apart. The team completed a total of 130 scanning setups at intervals of 15 feet. When the surveyors were done, the
pipe was sealed and water flow resumed. There would be no going
back.
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Towill surveyor James LaBasco makes the tight descent into the pipe. They used
special safety equipment and procedures throughout the project.

Clash detection analysis shows the best fit centerline, existing pipe walls, and
proposed sliplining. Yellow line segments indicate potential clearance issues.

To model the proposed slipline, Towill technicians used TRW to create
a design cylinder inside the point cloud. The cylinder was extruded
along the best-fit alignment and the software automatically compared
the cylinder to the point cloud at 0.25-foot intervals. This clash detection analysis enabled Towill to recommend the optimal size for the
slipline and also to identify areas of potential problems. For example,
bends or constrictions in the existing pipe could cause binding during installation of the new lining. To avoid this, Towill recommended
shorter segments of lining be used in certain areas.
In addition to technical reports, Towill exported the results in AutoCAD Civil3D and LAS formats. The combination of TBC, TRW, and
Civil3D enabled the team to visualize and analyze the data for sharing
with the client’s engineers.

Point cloud with control network nearing a bend in the pipe. The ghost images of the
surveyors were removed during processing.

project. Old tripods were cut down to fit in the space and Gregory joked
about “picking short guys” to perform the field work.
The survey has more than paid for itself. Using the Towill data, the client could install the largest possible liner to maximize the pipe capacity
and do it without major excavation in two major roads and industrial
zones. They avoided millions of dollars of costs for excavation, traffic
delays, and economic distress to local businesses.
“Things are on track with their construction schedule,” May said. The
survey and analysis exposed areas of conflict and enabled engineers
to adjust for problems before they occurred. “Our work will greatly
reduce changes in the field that the client might have encountered if
forced to use less accurate and comprehensive data.”

Value of a well-planned survey

May and Gregory emphasized that the success of the project was a
result of planning and collaboration. They took the time to understand
what was needed and develop workflows to suit the environment and

UAS research and
development

DriveOhio launches a strategic plan to advance drone technologies.
Smart mobility doesn’t start and end on the roadways; it’s taking off

in the skies as Ohio recognizes the need to advance unmanned aircraft
systems (UAS) technology, known commonly as drone technology.
As a result, DriveOhio, the state’s center for smart mobility, and the
Ohio UAS Center announced a strategic plan to support UAS research
and development, facilitating the state’s ongoing leadership position

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

in this transformation technology. With this plan, Ohio demonstrates
its commitment to investing in the research and infrastructure needed
to advance UAS technology in developing new jobs, business investment, and economic growth.
“UAS technology is advancing just as quickly as autonomous and connected vehicle technology, and Ohio understands how both can work
together across multiple smart mobility initiatives,” said Jim Barna,
executive director of DriveOhio. “Companies operating new UAS
technologies need opportunities to test and deploy them, and the nation needs a traffic management system that can make drone package
delivery and transportation safe and commercially viable. We aim to
do all of this in Ohio.”
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• quick clear operations for traffic accidents on Ohio’s roadways;
• emergency management; and
• communications and promotional videos.

UAS Workforce Development

DriveOhio’s strategic plan includes statewide data collection of operations such as
bridge inspections. Photo: Ohio Department of Transportation/Bruce Hull

The strategic plan has three main initiatives:
• FlyOhio to develop an unmanned traffic management system, bringing
about the widescale use of drones for delivery and transport;
• Ohio UAS Center Operations to facilitate use of the technology for a broad
range of business services; and
• Workforce Development to educate and create the skills needed for smart
mobility jobs around this technology.

DriveOhio and the UAS Center are also actively engaging with smart
mobility workforce development stakeholders from government, industry, education, and local communities across the state to identify pilot programs around drone technologies. Specifically, these programs
aim to deliver benefits for the following range of potential employees:
• today’s workforce, through up-skilling and certification programs;
• tomorrow’s workforce, with capstone projects and work-based learning
through internships and apprenticeships; and
• emerging workforce, using K-12 problem-based learning and pre-K STEM
programs.
As workforce development is a core part of DriveOhio’s mission to
support and advance Ohio’s smart mobility future, initiatives like these
go hand-in-hand with new projects, helping to prepare workers for jobs
in this new UAS sector.

Drone technology is already capable of transporting packages and
people. However, there is no unmanned air traffic management (UTM)
system in place that ensures drones can fly safely at altitudes below
2,000 feet, so government regulations require operators to always be in
view of their aircraft.

“The Ohio UAS Center has been at the forefront of unmanned flight
testing and operations, and this plan lays out our strategy to continue
our leadership role in advancing this country’s smart mobility operations to the sky,” said Fred Judson, managing director of the UAS Center. “We’re excited to continue working with companies, government
entities, and local communities to develop unmanned traffic systems,
promote UAS technologies and use cases, and develop the workforce
here in Ohio to fill the jobs these new technologies will present.”

FlyOhio is researching SkyVision — a $5 million ground-based detectand-avoid radar system — with the Air Force Research Laboratory
(AFRL) at the Springfield-Beckley Municipal Airport. Additionally,
FlyOhio will explore a second UTM solution along the 33 Smart Mobility Corridor, a 35-mile stretch of highway between Dublin and East
Liberty, Ohio, which is already a testing ground for autonomous and
connected vehicles and communications.

Operating as part of DriveOhio, the UAS Center, located in Springfield,
Ohio, serves as the state’s one-stop shop for those developing, testing,
and deploying UAS technology in Ohio. As both UAS and autonomous and connected vehicle technologies advance, these teams work
collaboratively on air- and ground-based smart mobility applications,
leveraging resources to make smarter decisions and avoid duplicative
efforts.

Finally, FlyOhio will identify locations that can accommodate aircraft
that takeoff and land vertically (known as vertiports), increasingly
important as unmanned package delivery and transportation advance.

Read the DriveOhio and UAS Center Strategic Plan and access additional resources at www.dot.state.oh.us/Divisions/uas/Pages/StrategicPlan.aspx.

FlyOhio

Ohio UAS Center Operations

Ohio is already putting unmanned aircraft to work in support and improvement of state and local government operations, as well as a broad
range of services such as project and environmental surveying, infrastructure inspection, project monitoring, and police and firefighting
support. With this strategic plan, statewide data collection operations
will include:
• bridge inspections;
• aerial photography and mapping;
• exterior and interior structure and facilities inspections;
• construction and traffic monitoring;
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Information provided by DriveOhio (http://drive.ohio.gov).

Performance-based
structural fire protection
ASCE SEI announces research grant to develop, write, and publish
procedural guidance.

The American Society of Civil Engineers (ASCE) Structural Engineer-

ing Institute (SEI) and the Charles Pankow Foundation signed an
agreement for a $230,000 research grant to develop, write, and publish
the state-of-the-art exemplar procedural guidance to properly execute
a performance-based structural fire engineering (SFE) design in accordance with the new ASCE/SEI 7-16 Appendix E industry standard. The
project will employ a scientific and engineering approach using the
procedures outlined in ASCE/SEI Manual of Practice Structural Fire
Engineering (MOP 138) to quantify the fire exposure and structural
behavior of existing building designs during fire. Recognized experts
in performance-based design will peer review the design brief and final
report. The final document will be freely available to the public.
The project team is led by Principal Investigator (PI) Kevin LaMalva,
P.E., M.ASCE, senior staff II/Fire Safety with Simpson Gumpertz &
Heger, Inc. He helped lead the effort for development of Appendix E
and as editor of MOP 138 and is a recognized expert in structural fire
protection engineering with a profound understanding of the building
code environment for fire safety and the challenges raised by the adoption of SFE in practice. Including the PI, the following collaboration
of structural engineering firms and academic advisors create design

teams, selected to provide regional representation and will serve as
team leads:
• Najib Abboud, Ph.D., P.E, M.ASCE, senior principal, Thornton Tomasetti, with
Thomas Gernay, Aff.M.ASCE, Johns Hopkins University
• Larry Griffis, P.E., F.SEI, M.ASCE, senior principal, Walter P Moore, with Jose
Torero, CPEng, CP, M.ASCE, University of Maryland
• Ron Klemencic, P.E., S.E., F.SEI, F.ASCE, chairman and CEO, Magnusson Klemencic Associates, with Erica Fischer, P.E., M.ASCE, Oregon State University
• Kevin LaMalva, P.E. M.ASCE, senior staff II, Simpson Gumpertz & Heger,
with Negar Elhami-Khorasani, Ph.D., A.M.ASCE, University at Buffalo
“We are grateful to the Charles Pankow Foundation for their overall
vision and funding of this important project to help advance performance-based design,” said LaMalva. “Our team seeks to demonstrate
the benefit of structural engineers serving as integral participants in the
field of structural fire protection, which has remained relatively unchanged for a century. Specifically, structural engineers have the ability and tools to deliver more efficient and economical designs while
also providing more intrinsically safe structures to fire. ASCE/SEI’s
new Standard Appendix and Manual of Practice are key advancements
that will guide this effort.”
Work on the project began in September 2018 and is to be completed
in October 2019.

Information provided by the American Society of Civil Engineers 		
(www.asce.org).
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AUVSI launches Trusted
Operator Program

Certification program distinguishes individuals and organizations
demonstrating a higher level of training, knowledge, and safety.
The Association for Unmanned Vehicle Systems International (AUVSI) launched the Trusted Operator Program (TOP), a new certification program available to remote pilots and unmanned aircraft system
(UAS) training organizations. Through TOP, operators and organizations can distinguish themselves in a growing marketplace by holding
themselves to a higher standard of safety and professionalism.
“The TOP certification process results in an AUVSI-sponsored seal of
approval for individuals and organizations who demonstrate a higher
level of training, knowledge, and commitment to safety that goes above
and beyond the FAA’s requirements,” said Tracy Lamb, vice president
of regulatory and safety affairs and chief pilot of AUVSI. “Someone
looking to hire a UAS operator to take images of property, inspect a
roof, or survey infrastructure can look for TOP-certified operators and
be assured they have the knowledge and experience to operate safely
and proficiently.”
TOP uses safety standards developed by accredited standards bodies,
international safety experts, and aviation regulations from the Federal
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Aviation Administration (FAA), other regulatory authorities, and associations to certify a UAS operator’s proficiency and ability to operate
safely and the commitment of training organizations to following a
more comprehensive set of protocols.
AUVSI developed the TOP after collaboration through the TOP Steering Committee, a group of more than 197 subject-matter experts and
industry leaders from more than 50 organizations across the globe.
Their input helped develop three levels of TOP certification, each
tailored to reflect different levels of safety resilience, skills, qualifications, and knowledge:
• Level one covers low-risk operations under the FAA’s small UAS rule (Part
107), such as flights during the day, below 400 feet, and away from people.
• Level two is for operators who require a Part 107 waiver, a visual observer
or sensor operator, or those who fall outside the Part 107 regulation.
• Level three provides standards for operating in “safety critical” areas, such
as near chemical, oil, gas, or nuclear facilities, extended line of sight, pipeline, powerline, and cell tower inspections.
Once operators receive certification, AUVSI will list them in a searchable TOP Registry, where those looking to find and hire a qualified
UAS operator can easily find a TOP-certified operator for their needs.
For more information about the TOP, visit www.auvsi.org/topoperator.
Information provided by the Association for Unmanned Vehicle Systems
International (www.auvsi.org).
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Dodge 2019
Construction Outlook
By Robert Murray
The expansion for the U.S. construction industry has been underway
for some time now. As compiled by Dodge Data & Analytics, total
construction starts showed annual growth in the 11 percent to 14 percent
range during 2012-2015, followed by 7 percent increases in both 2016
and 2017. For 2018, it’s estimated that total construction starts advanced
3 percent to $807 billion, continuing the process of deceleration that
emerged a couple of years ago.
Residential building climbed 6 percent in 2018, with gains for both
single-family and multifamily housing. Nonresidential building rose
3 percent, reflecting steady activity for commercial building and
institutional building, combined with a sharp jump for manufacturing
plant construction. Nonbuilding construction retreated 3 percent, as
moderate growth for public works was outweighed by a steep decline for
electric utilities and gas plants.
An important question going into 2019 is whether deceleration is followed
by a period of high-level stability or a period of decline. For construction
activity, the stage becomes set for decline when imbalances are present,
such as the excessive amount of office space produced during the mid1980s or the excessive amount of single-family housing and retail space
produced during the mid-2000s. These types of imbalances are not yet
present in the current construction expansion, lessening the likelihood
that a sharp decline will take place.
On balance, the economic and legislative environment remains generally
supportive of construction. It’s true that the headwinds have picked up,
namely rising interest rates, higher material costs, and labor shortages of
skilled construction workers. At the same time, the headwinds were offset
in 2018 by several tailwinds. These include the stronger U.S. economy,
benefitting from the tax cuts under the tax reform legislation passed at
the end of 2017. The stronger U.S. economy was also accompanied by
more job creation, and employment gains tend to have a positive impact
on market fundamentals (like occupancies) for commercial building and
multifamily housing.
A portion of the Dodd-Frank banking regulations were rolled back last
May, which should support more lending from mid-size banks, and
some easing of bank lending standards took place during 2018. The
omnibus federal appropriations bill passed last March provided federal
construction programs with funding increases for fiscal 2018. And, the
numerous construction bond measures passed at the state and local levels
of government in recent years continue to provide ongoing funding
support.
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For 2019, it’s estimated that U.S. economic growth will settle back to 2.5
percent from the estimated 3.0 percent in 2018, as the benefits of tax cuts
begin to wane. Short-term interest rates will rise further as the Federal
Reserve moves monetary policy toward a more neutral stance. Long-term
interest rates will also rise, reflecting higher inflationary expectations
by the financial markets. In addition, mounting trade tensions have the
potential to dampen U.S. exports and raise inflationary pressures.
On the plus side, both Republican and Democratic members of Congress
have made statements in the aftermath of the November 2018 elections
about working together to provide additional funding for infrastructure
work. On a cautionary note, that discussion will take place against the
backdrop of a rising federal budget deficit.
In such an environment, growth for construction starts is forecast to
decelerate further, but not yet make the transition to decline. For 2019,
total construction starts are forecast to be essentially flat at $808 billion.
By major sector (in dollar terms), residential building will be down 2
percent, nonresidential building will hold steady, and nonbuilding
construction will increase 3 percent.

ROBERT MURRAY, is vice president of economic affairs and chief economist for
Dodge Data & Analytics (www.construction.com), North America’s leading
provider of analytics and software-based workflow integration solutions for the
construction industry.
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