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Engineers’ 
problems

FROM THE PUBLISHER

MARK C. ZWEIG
mzweig@zweiggroup.com

Let me start by saying, I love engineers!! At least half of my friends are engineers and we have 
multiple businesses that would not be here if it weren’t for engineers. That said, I’m about to make 
some generalizations, and some of these could get me in trouble with people I care about. If this 
includes you, please forgive me!  
 
Engineers have some problems. I have been working with engineers for 37 years and I’ve seen it all. 
And these problems impact engineers’ success in business and in their personal lives. 
 
Here are a few of the problems I am referring to:
 
Difficulty making a decision — Engineers too often struggle with this one. There’s never enough 
information, therefore, it’s deemed best to do nothing. This kills you when you are in business where 
your clients and employees need answers, or where delays implementing critical strategic initiatives 
translate into lost opportunities. Many times during my career, an engineer/firm owner — referring to 
a change we are advocating they make — has asked me, “How many other 27-person MEP firms in 
Duluth have done this?” That’s ridiculous. Beyond that, it virtually ensures the firm will, at best, be a 
follower and imitator of another company and not be a leader and innovator. 
 
Can’t take a risk — We once worked with a company in Oklahoma that was stuck at $20 million in 
annual revenue for five years in a row. The owners decided in a business planning retreat to commit to 
a 15 percent revenue growth goal for the coming year. To accomplish that, we suggested they increase 
both marketing and recruitment spending. One of the engineer/owners was vehemently against that 
because he said it would be irresponsible to risk the bonus pool doing this. They wanted to grow 
but were ultimately unwilling to do a single thing differently or take any risk to make it happen. 
Ridiculous! And I could tell you 100 similar stories.

Too introverted — You have all heard the joke about how you can tell when an engineer is 
extroverted: The punchline is that he (or she) looks at your feet when talking to you (versus his/her 
own feet). That’s sad but true. The problem with introverts is they don’t get out and meet people. 
Because of that, they may be less likely to have the relationships it takes to solve problems both inside 
and outside of the organization. 

Tendancy toward passive-aggressive behavior — Passive-aggressive behavior kills productivity 
and morale for everyone involved. A good example is an engineer who doesn’t like someone else they 
are working with on a project so they get to a point where they need information from that person 
and, instead of asking them for it, they do nothing. By the time the project deadline is jeopardized, 
the problem is discovered. But instead of it being the problem of the engineer who stopped work 
waiting for information, they turn it into the person’s problem who didn’t voluntarily give them that 
information. This is ridiculous, of course, but common with engineers. 

Not honest about their feelings — Between being introverted and non-confrontational, one of the 
biggest issues with engineers is they often aren’t honest about their feelings. This leads to more 
misunderstandings and problems throughout the organization, with people inside and out. Problem 
situations don’t ever get resolved without management’s involvement, which sucks time and saps 
mental energy. 

All of this stuff is real. Certainly — and thankfully — all of these characteristics can be changed. Not 
to mention, there are certainly many engineers who don’t share these characteristics, and we need 
more of them!  

Enjoy the March issue of Civil + Structural Engineer magazine! We’re here for you. If you have any 
suggestions, questions, or comments, please let me know at mzweig@zweiggroup.com. Thank you 
for reading!

Engineers' problems impact success in 
business and in their personal lives.



 A1085 HSS 
COMING SOON 
TO A SERVICE CENTER NEAR YOU

Learn more and request your free A1085 Pocket Reference Guide at   
atlastube.com/delivering

Delivering the Industry’s Strongest Support 
At Atlas Tube, we make A1085 HSS every 30 days. Now we’re delivering to service center locations across  

the country — starting with the seismic zones of the western United States. There’s no reason 
not to spec A1085 HSS, the industry’s strongest support for your projects!

TIGHT 
TOLERANCES

ENHANCED PERFORMANCE 
IN SEISMIC APPLICATIONS

50 KSI MIN / 70 KSI MAX 
YIELD STRESS 

STANDARD CHARPY 
V-NOTCH TESTING

17-ZI-2972_ad_A1085 Availability Teaser Ad Update for C+S Engineer.indd   1 2/15/17   9:53 AM

atlastube.com/delivering


8          csengineermag.com          March 2017

Don’t be a ‘no-growther’
I recently facilitated a number of strategic planning sessions for engineering firms around the United States. 
I’m continually impressed with the number of participants who seem to counter every discussion related to 
growth with comments such as, “I think growth is great, we just should be careful about growing too fast,” 
or, “This is all good, but we should consider all of the things that could suffer if we do this. We certainly do 
not want to lose our culture.”

I could cite hundreds of other examples that I have heard just in the last month. I have advice for anyone who 
finds themselves trying to play the “Let’s be careful” role, and it is captured in one word: Stop. You may think 
you are intelligently adding to the discussion, but the reality is that you reveal yourself as lacking ambition 
and drive. 

Growth is good. Growth is essential. Beating growth goals and growing fast is difficult and challenging, but 
it is fun and rarely does it cause any major consequences that are not completely crushed by the benefits of 
the growth. 

For our research at Zweig Group, we categorize high-growth firms as any firm that grows 20 percent or more 
per year for three or more years. That is a lot of growth. The fact is that the typical high-growth firm pays 
higher wages, much higher bonuses, has better benefits, and has tremendous stock appreciation all as a result 
of fast growth. 

And when we conduct deep research on these firms, we find that not only did their culture stay intact, it 
actually improved as a result of the rewards and opportunities that the employees enjoy. 

If you are offered a highly coveted spot to participate in your firm’s strategic planning, promote growth and 
stretch goals and be the person in the room who strives for greatness. Don’t be a “no-growther!” It’s not fun 
and pretty much guarantees that you will not be invited to future strategic planning events. 

You may think you are 
intelligently adding to the 
discussion, but you reveal 
yourself as lacking ambition 
and drive.

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

Engineering OUR FUTURE
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Engineering front line

Help foes first

I believe in being optimistic and in the goodness of people. If you think about it, believing 
the opposite is a pretty miserable way to live. Why think about pessimistic outcomes and 
being suspicious about others’ intentions? Positive thinking brings out the best in us; it 
betters our lives. 

In business dealings, politics, or even during a divorce, the conventional way of thinking 
is, “How will I benefit most and come out ahead of my foes? How can I win?” What if 
we turn the tables and let our foes win? Perhaps this is a different way to see the world 
and approach life. Maybe it will free you. 

I often apply this way of thinking in my life and it almost always brings surprising 
results.  

When we expand our business into different cities and countries, I think about how we 
can help our partners achieve their financial goals and life aspirations first, before ours. 
At the end, I have found that our business partners remain loyal and become productive 
team members. We prioritize their dream before ours. Then, everyone wins and gains 
more. Profit follows after we accomplish our purpose of being.

A few years ago, I went through a divorce. It was a sky-falling event for me. I was 
heartbroken. We had small kids. I instructed my lawyer to allow her to win and do the 
best for our kids. He didn’t like that much at first, but he did so anyway. My then-wife 
didn’t trust me at first, but eventually she understood my intentions. 

Today, we feel that we are the best co-parents together and our kids are doing fantastic. 
I learned tremendous lessons from this experience and understood my short comings as 
a partner. Every day I work to apply these lessons in my life. Because of it, I feel I am 
an excellent husband to my now-wife and life partner and, today, my relationship with 
my kids is much deeper.

By nature, human beings are suspicious of others — a cave man survival instinct — 
but in fairly recent years we have become (somewhat) civilized. I am not saying that 
everyone on earth is an angel. Plenty of untrustworthy people exist. But, I do feel that 
the vast majority are truly good; they will do everything possible to help you when you 
get stuck in the middle of nowhere. 

Living in Haiti following the 2010 earthquake I met many heroes. Haitian gangs 
feared by UN armed forces became our protectors and guided our engineers through 
dangerous concrete jungles to assess thousands of damaged buildings. They saw their 
country destroyed and wanted to be a part of the solution. They never asked for a dime 
of compensation. Our engineering team was able to galvanize a formerly fragmented 
society — the Haitian masses, the local private sector, UN agencies, U.S. armed forces, 
and the Haitian government — all in the name of engineering and assistance. Today, 
if you visit Haiti, you can hardly see the scars of an earthquake that killed hundreds of 
thousands of people. 

A lot of strife currently exists in the world and in our lives, but I believe in the goodness 
of people and in good results… with a right attitude. Life is too short to be suspicious 
and fearful. I want to enjoy it and maximize it every day, then we can do good for others.

If we meet others’ needs first before we seek to 
meet ours, eventually we will be ahead in 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.
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Project Profitability: How to become a project manager

By Howard Birnberg, Association for Project Managers

One wit described how he became a project manager: “I was in the 
wrong place at the wrong time.” For many project managers, this is an 
apt description of how they ended up in their role. The paucity of project 
management talent in engineering firms often leads anyone showing even 
the slightest aptitude into the ranks of these leaders. Very few (some 
would say no) engineers set out to become project managers.

Who should be a project manager? How are they created? What 
characteristics are important? In general, most of the qualities and 
characteristics of the successful project manager revolve around his or 
her ability to work well with people, rather than technical skills.

Read the entire article at http://tinyurl.com/projectprofit-mar17.     

Diversions: Good old days

By Andy Sciarabba, P.E.

My “engineering life” has spanned some 30 years, and how things get 
done today is dramatically different than in the late 1980s. Things just 
move so darn fast! Technological advancements have made it so easy to 
expect everything yesterday. Our patience as a society is gone. We expect 
instant gratification. If I don’t respond to the 30, 50, or 100 emails, texts, 
tweets, posts, and notifications I get in a day, I’m not “responsive.” 

I miss the days where you had time to think, to ponder, to strategize, to 
re-ponder, and then to make a good decision. Call me old fashioned — or 
just older and cranky. Faster is not always better, and it is only going to 
get worse.

Read the entire article at http://tinyurl.com/diversions-mar17.  

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

 Civil + structural engineer online
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Finley Engineering Group welcomed Bridge Architects Maxim Na-
sab, AIA, MRAIC, LEED GA, and Micah Dodson, AIA, NCARB, 
LEED GA, to expand the firm’s bridge aesthetics, bridge information 
modeling, and design visualization capabilities. Nasab has five years of 
experience working in the United States, Canada, and China. Dodson 
has been involved in design, development, and construction adminis-
tration on bridge types such as steel girder, cast-in-place segmental, 
precast span-by-span, cable stayed, and extradosed bridges.

Katherine Perez-Estolano joined Arup in its Los Angeles office as 
cities leader, where she will implement Arup’s Americas Cities Strat-
egy, build on existing planning capabilities, and establish a transaction 
advice team in the Los Angeles region.

RPS Klotz Associates named William Abbott, P.E., as president, and 
announced new senior leadership roles for Brent Christian, P.E., and 
David Balmos, P.E. Abbott has more than 35 years of experience in 
the engineering industry, including more than 20 years at RPS Klotz 
Associates, where he most recently served for six years as senior vice 
president overseeing operations. Christian, previously vice president 
and regions practice manager for the firm’s Austin and San Antonio 
offices, will apply more than 30 years of industry experience in his 
new role as senior vice president of operations for the firm’s locations 
statewide. Balmos will use more than 20 years of experience in trans-
portation and expertise in directing the firm’s transportation marketing 
to expand his role firm-wide as senior vice president of marketing.

Latitude 33 Planning and Engineering promoted Melissa Krause to 
associate principal and Katie Yee to chief relationship officer. Krause 
spent the last 20 years managing projects for large residential develop-
ers in San Diego County, Calif. She will contribute to strategic plan-
ning and be an integral part of the leadership team. Yee will pursue 
new prospects, and work to maintain positive client relationships. 

Internally, she will assist in the strategic planning and direction of the 
firm as well as focusing on shaping company culture.  

The Harman Group promoted four team members: Todd Campbell, 
P.E., to senior associate/project manager; Chris Gottschall to associ-
ate/senior project engineer; Jason Squitiere, P.E., to associate/project 
manager; and Tuna Yelkikanat, P.E., LEED GA, to senior associate 
and director of the New York office.

Timothy Miles joined the Mannik & Smith Group, Inc. as director 
of project management and operations of the Detroit office. He has a 
40-year career of professional experience in mechanical systems, de-
sign and engineering, underground utilities, urban infrastructure, and 
construction project management.

Babu Veeregowda, P.E., PTOE, AVS, joined HNTB Corporation’s 
Northeast Division as chief transportation/traffic engineer and vice 
president. He is based in the firm’s New York City office and works 
with clients to identify and solve operational issues specific to design-
build projects. Gordon Clark, P.E., joined HNTB Corporation as 
technical director - tunnels and complex underground structures and 
vice president. He is based in the firm’s Bellevue, Wash., office and 
works with clients nationwide. Liam Dalton, P.E., joined HNTB 
Corporation as design-build project director and vice president for the 
firm’s Northeast division based in HNTB’s New York City office. He 
will be in charge of all design-build projects throughout the Northeast.

Arcadis appointed Alex Rothchild as the company’s new president of 
its environmental sector in North America. With more than 30 years of 
experience, he will be responsible for leading the vision and strategy of 
the firm’s 2,500-strong North American environment team.

Edith Hadler, P.E., was named principal program delivery manager 
for wastewater at HDR based in Bellevue, Wash. Hadler is a vice presi-
dent and was previously Washington area manager for HDR’s Seattle 
wastewater and water group. She will facilitate partnerships with of-
fices to continue expanding the firm’s wastewater program. Chad Hill, 
P.E., joined HDR as client development director for the wastewater 
market sector based in the firm’s Englewood, Colo., office. He has 
more than 30 years of experience in the U.S. and UK, with a focus on 
client service to the water engineering and construction industries.

Carolyn Flowers, former head of the Federal Transit Administration 
(FTA), will lead AECOM’s transit practice in North America. Prior to 
joining FTA, she served as chief executive officer/director of public 
transit for the Charlotte Area Transit System. She began her career in 

William Abbott, P.E. Katie Yee

Liam Dalton, P.E.

Brent Christian, P.E. Timothy Miles

Alex Rothchild

David Balmos, P.E. Babu Veeregowda, P.E., 
PTOE, AVS
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public transportation with the Los Angeles County Metropolitan Trans-
portation Authority in 1993. Also at AECOM, Ufuk Erdal, Ph.D., was 
named national water reuse technical practice leader within design con-
sulting services Americas. He has more than 21 years of experience in 
planning, pilot testing, designing, and costing treatment facilities used 
in reuse applications, assessing and validating new technologies appli-
cable to advanced wastewater treatment, water reuse, and concentrate 
treatment and recovery.

Pedro O. Bengochea joined GeoStructures as a design engineer. He 
is responsible for supporting GeoStructures’ customers by preparing 
engineering designs for the construction of ground improvement tech-
nology.

Urban Engineers expanded structural engineering capabilities in 
its Philadelphia office with the relocation of Jeffrey S. Yeager, P.E. 
Yeager serves as the deputy structural practice leader for the firm and 
previously worked in Urban’s Erie, Pa., office.

NEFCO promoted Larry Bishop, P.E., to general manager. His project 
and technical background includes design, construction, and operations 
of treatment and biosolids management and environmental facilities.

Terracon named Robert Pavlicek, P.E., manager for its Eastern Oper-
ating Group, which spans from Maine to Florida and from Louisiana 
to the East Coast.

Patrick Grandelli, P.E., joined PCCI’s Alexandria, Va., office as a 
chief engineer. He will be responsible for providing engineering, de-
sign, installation, and program/project management services to U.S. 
Government and commercial clients in the ocean facility and renew-
able energy industries.

Kendall King, P.E., is moving into the role of group manager for 
Freese and Nichols, Inc.’s Central Texas treatment, transmission, and 
utilities team. He is relocating from Fort Worth to Austin, where he 
will enhance the team’s ability to deliver large-scale water projects in 
the Central Texas region. Somnath Chilukuri, P.E., joined Freese and 
Nichols as a senior project manager for the Southeast Texas Treatment, 
Transmission and Utilities Group. Based in Pearland, Texas, Chilukuri 
will help Freese and Nichols expand its ability to serve municipali-
ties throughout the region with a wide range of water and wastewater 
infrastructure services.

 Take your 
advice 
from 
Mark 
Zweig 
to-go.

thezweigletter.com/category/podcast/

clearspan.com/adcse
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EVENTS

March 2017

Real Marketing and Branding for AEC Firms
March 9 — Austin, Texas
July 27 — St. Louis
Designed to bring clarity and distinction between marketing and 
sales (Business Development), this course will aid all levels of staff 
to understand how to market the firm and build the brand in their 
respective roles.
http://zweiggroup.com/seminars/real-marketing-and-branding-for-aec-
firms

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

The Concrete Convention and Exhibition
March 26-30 — Detroit
Engineers, architects, contractors, educators, manufacturers, and 
material representatives will convene to collaborate on concrete codes, 
specifications, and standards. Technical and educational sessions will 
present the latest research, case studies, and best practices.
www.concrete.org/events/conventions/currentconvention.aspx 

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

Growing a Profitable and Entrepreneurial AEC Firm
March 29-30 — Boston
Oct. 4-5 — Northwest Arkansas
A look at what the most successful firms in history have done, how they 
have done it, and the resulting extraordinary returns.
http://zweiggroup.com/seminars/growing-a-profitable-and-
entrepreneurial-aec-firm 

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

APRIL 2017

SPAR 3D Expo & Conference
April 3-5 — Houston 
Conference content covers 3D technologies from input to output, from 
3D sensing to 3D processing to 3D visualization tools. The exhibition 
features hardware, software, and visualization solutions providers.
www.spar3d.com/events/spar-3d-expo-conference

Joint Rail Conference
April 4-7 — Philadelphia 
All aspects of railroad civil, mechanical, electrical, and systems 
engineering, as well as rail safety, planning, design, financing, 
operations, and management.
www.asme.org/events/joint-rail-conference 

Structures Congress 2017
April 6-8 — Denver
Organized by the Structural Engineering Institute of the ASCE, the 
conference features more than 120 technical sessions plus opening and 
closing plenary sessions and an exhibit hall.
www.structurescongress.org 

Introduction to Structural Design of Wood Buildings
April 10-12 — Blacksburg, Va.
American Wood Council (AWC) and Virginia Tech short course 
on practical code-conforming design of wood structures based on 
provisions of the 2015 National Design Specification and other AWC 
standards. The primary focus and objectives of this course are a mastery 
of wood design basics.
www.cpe.vt.edu/sdwnds/index.html 

Financial Management for Non-Financial Managers
April 19 — Washington, D.C.
Aug. 9 — Cincinnati
Overview of business financial management, including interpreting 
financial statements, key performance metrics, benchmarking, 
predictive cash flow management, and how strategic decisions drive the 
value of the firm.
http://zweiggroup.com/seminars/financial-management-for-non-
financial-managers  

Airport Pavement Technical Workshop
April 25-27 — Rosemont, Ill.
Topics include pavement design and evaluation, materials, mix design, 
construction, preservation and rehabilitation practices, along with 
innovative pavement technologies for airports.
www.asphaltinstitute.org/airport-pavement-technical-workshop 

http://zweiggroup.com/seminars/real-marketing-and-branding-for-aec-firms
http://zweiggroup.com/seminars/growing-a-profitable-and-entrepreneurial-aec-firm
http://zweiggroup.com/seminars/financial-management-for-non-financial-managers
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Leadership Skills for AEC Professionals
April 25-26 — Washington, D.C.
May 23-24 — Denver
Nov. 7-8 — San Francisco
Specifically developed to provide design and technical professionals 
with the skills to become more competent leaders, including strategies, 
and techniques that will help them grow personally and professionally.
http://zweiggroup.com/seminars/leadership-skills-for-aec-professionals 

11th International Bridge and Structure Management Conference
April 25-27 — Mesa, Ariz.
A broad range of topics on bridge and transportation structures in all 
stages of implementation of asset management practices. This meeting 
will serve as the forum for moving MAP-21 asset management 
initiatives into practice.
https://cm.wsu.edu/ehome/index.php?eventid=200293&

AEC Business Development Training 
April 27 — San Antonio, Texas
June 29 — Minneapolis
Nov. 16 — Seattle
Specifically developed to help design and technical professionals 
become more comfortable dealing with clients and promoting the firm 
and its services.
http://zweiggroup.com/seminars/aec-business-development-training 

MAY 2017

Excellence in Project Management
May 3 — Miami
June 6 — Houston
Aug. 16 — Detroit
Nov. 29 — Charleston, S.C.
Tutorial and case study workshop sessions present critical areas every 
project manager should know from the perspective of architecture, 
engineering, and environmental consulting firms.
http://zweiggroup.com/seminars/excellence-in-project-management 

Carlson User Conference
May 3-5 — Maysville, Ky.
Specialized training on the use of Carlson’s suite of software products 
for professionals in the surveying, civil engineering, mining, and 
construction fields.
www.carlsonsw.com/uc17 
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Muhammad Ali, P.E., senior associate and team leader at Lockwood, 
Andrews and Newnam, Inc. (LAN)/LEO A DALY in Houston, leads 
LAN’s Municipal Infrastructure Group, specializing in city urban in-
frastructure projects. He has served as project manager for planning, 
analysis, design, and construction of projects involving drainage, road-
way, traffic, private and public utilities, and landscaping amenities. 
He has 18 years of experience ranging in client, program, and project 
management with strong skills in business development and market-
ing. He has assisted entities with overseeing multi-million-dollar 
capital improvement plans to promote redevelopment by improving 
mobility, drainage, and quality of life. Throughout his career, he has 

demonstrated an extraordinary ability to complete projects on time and 
within budget, regardless of the challenges encountered.

In the following Q&A with Civil + Structural Engineer (C+S), Ali 
describes his diverse experiences from the Middle East to Russia to 
London to Houston and how that has impacted his career in civil en-
gineering.

C+S: What has been the path to your current position at LAN, includ-
ing education and professional background and focus?

Ali: I joined LAN in 2006 in Houston as a senior project engineer in 
the transportation department. I started off designing and managing 
complex roadway and highway projects for local agencies. Then, I 
soon had the opportunity to join the LAN team responsible for design-
ing the $360 million Southeast Corridor Light Rail Project in Houston. 
At that point, I was afforded the opportunity to take on a larger role 
with more responsibility by managing a larger team of professionals. 

In early 2009, while working on the light rail project, I discovered 
that our parent company, LEO A DALY, an international architecture/

Muhammad Ali: 
A multi-national perspective

Driven to explore and discover, this world traveler recognizes the 
benefits of diversity in the workplace.

By Bob Drake

profile

Muhammad Ali, P.E., leads LAN’s Municipal Infrastructure Group, specializing in city 
urban infrastructure projects. Photo: LAN

Ali meets with LAN’s senior construction management, Rick Butler, and a contractor 
to discuss construction progress. Photo: LAN
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engineering firm, was opening an office in Abu Dhabi, UAE, and was 
actively seeking a regional director to manage the Middle East. At that 
time, the Middle East offered a promising market for engineering and 
architecture services, despite the widespread world economic crisis. 

As I was seriously considering this position, I remembered a moment 
in my childhood as I stood in front of a large puddle, looking at my par-
ents with an adventurous spirit, asking them, “Should I jump? Should 
I jump?” My parents both responded, “No, do not jump!” Like many 
kids, I jumped and enjoyed making a big splash. As a kid, my desire 
to make a splash was driven by my natural instinct to explore and dis-
cover. The exploratory and discovery instincts stayed with me as I got 
older and I knew I had to quickly jump on this exciting opportunity and 
looked forward to making a big splash.

I was interviewed and hired for the position. At that time, the Abu 
Dhabi office was LEO A DALY/LAN’s 30th office worldwide and 
the regional office for the Middle East. I managed the daily office 
activities, coordinating work efforts in the Abu Dhabi office with 22 
domestic offices. The first year was extremely challenging, establish-
ing an office in a foreign city, a nine-hour time difference from the 

U.S. offices, trying to initiate and maintain contacts with clients and 
industry representatives, organizations, and companies. 

The market was very competitive and there were companies from all 
over the world that were already well established. I even started doubt-
ing my decision to relocate. However, I knew I wasn’t a quitter and 
I had to change my strategy to be able to succeed internationally. By 
being flexible and changing the business plan and aligning with strong 
local partners, things got brighter and, after a year of hard work, we 
were able to secure two large health care projects and an [indefinite 
delivery/indefinite quantity] contract. The hard work was paying off 
and it felt good.

Mentoring young engineers and graduates is a passion that Ali takes seriously. 
Photo: LAN

Muhammad Ali with Chairman and CEO Leo A. Daly III during one of his visits to Abu 
Dhabi, UAE. Photo: LAN
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The experience I acquired from being the regional director was invalu-
able and it significantly helped with my professional growth. After 
approximately three years in Abu Dhabi, we decided to come back 
home to Houston to be closer to family and have our kids grow up near 
their grandparents. 

After moving back to Houston, the company assigned me to manage 
a multi-million-dollar capital improvement program for a local client. 
I worked very closely with the client to assist in identifying and design-
ing large mobility and drainage projects through planning, design, and 
construction. From that point on, my team grew and began expanding 
to other local municipal clients in the Houston area. Eventually, the 
team branched out on its own and became the Municipal Infrastructure 
Group. I am currently leading the Municipal Infrastructure Group as a 
senior associate and team leader in the company. 

C+S: What initially attracted you to a career in engineering?

Ali: The way engineering contributes to the wellbeing of society by 
providing solutions to real world problems was a big draw. Also, being 
able to see tangible results from planning and design to construction is 
very satisfying. In addition, I thoroughly enjoyed math growing up and 
it was my favorite class. Maybe this was because of my parents’ influ-
ence on me. My dad has a Ph.D. in physics and my mom has a degree 
in math. Both my parents instilled the importance of academics in us at 
a very young age and I am very grateful to them for that.

C+S: What aspects of your experience and career as an engineer have 
surprised you the most — both positively and negatively?

Ali: During engineering school, I always assumed that focusing on 
the technical aspect of engineering was the key to a successful career 
in engineering. While having strong technical skills is very important, 
as my career progressed, I discovered that there are other essential 
skills that I needed to acquire to be able to successfully lead a team in 
our industry and organization. These skills include business develop-
ment, people skills, client management, and effective communication. 
Acquiring these skills has significantly contributed to my professional 
growth. I highly advise students majoring in engineering to take ad-
ditional classes such as business, marketing, communications, etc. to 
help them with their career development. 

C+S: You have lived and worked in a number of countries (which 
countries?). How does that diverse perspective impact your approach 
to designing and managing projects and people?

Ali: I was fortunate to have been able to experience many different 
cultures throughout my life. [My family is] originally from Iraq but I 
was born in London, England, and was raised in a variety of countries. 
After my birth, my family moved back home to Baghdad, Iraq. Several 
years later, my father’s employment gave us the opportunity to relocate 
to Moscow, USSR. The culture shock was relatively easy to overcome; 
however, the climatic difference was initially unbearable. The transi-
tion from the hot weather to Russian snow was quite the challenge. 

A SEMINAR FOR IMPROVING THE PRACTICAL LEADERSHIP 
SKILLS OF AEC PROFESSIONALS

This is a 2-day seminar that was speci�cally developed to 
provide design and technical professionals with the skills to 
become more competent leaders. This course helps attendees 
develop and re-a�rm the leadership skills, strategies, and 
techniques that will help them grow personally and 
professionally.

April 25-26 - Washington, DC
May 23-24 - Denver, CO
November 7-8 - San Francisco, CA

You may qualify for professional development credit. Zweig Group is registered 
with the AIA Continuing Education System (AIA/CES) and is committed to 
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Shortly after, we relocated to Saudi Arabia and then back to London. 
Upon graduating high school (A-levels) in London, we moved to Ox-
ford, Miss., where I attended college. I graduated from Ole Miss (Go 
Rebels!!!) with a civil engineering degree. Since graduating, I had the 
opportunity to work in Mississippi, Florida, and then ultimately joining 
LAN in 2006 in Houston. I also had the opportunity to relocate to Abu 
Dhabi, UAE. While I was there, I traveled all over the Middle East and 
Europe.

The extensive traveling while growing up has enabled me to acquire 
excellent adaptive skills. More importantly, it has given me the oppor-
tunity to encounter a variety of people and cultures. It made me very 
appreciative of different cultures and a big believer of diversity in the 
workplace. I believe that having a team from different backgrounds, 
different schools, different walks of life, and different stories will ben-
efit the company, our clients, and ultimately our society. 

For example, I had a great opportunity to work with our U.S. architects 
to design projects in the Middle East. We worked very closely to iden-
tify unique local elements to be used as inspiration for developing the 
conceptual design. For one of our health care projects, we developed 
three design concepts by incorporating local elements — oasis, gazelle, 
and palm trees — into our design.

C+S: What overarching trends are you seeing in engineering and con-
struction in the countries and sectors in which you have worked?

Ali: The economic downturn has slowed down the construction indus-
try worldwide for the last few years. It seems like projects in different 
parts of the world have had budget cuts, projects being put on hold or 
postponed. However, in the Middle East, specifically the Gulf Cooper-
ation Council, I noticed that many countries are planning for tomorrow. 
There is a big push to invest in education, health care, infrastructure, 
and rail networks.

With a growing middle class and a shortage of quality educational and 
medical facilities, a lot of these countries are using their oil revenues 
to spend billions of dollars on hospitals and schools to cater to them. 
They are very impressed with the U.S.’s educational and health care 
institutions. They typically hire U.S. experts to provide the latest in 
international health care design and evidence-based design practices 
in order to improve patient outcomes, satisfaction, and staff efficiency. 
With the growing population, they are also investing in upgrading their 
aging infrastructure and adding rail networks all over their major cities 
to promote economic prosperity, growth, and an improved quality of 
life.

C+S: How do you see sustainable or resilient design impacting proj-
ects in the United States and internationally, if at all?

Ali: I feel engineers in the 20th century did not address the construc-
tion industry’s impacts to the global environment. In the last 15 years, 
there has been a push for sustainable design leading to the growth of 
LEED and creation of other rating systems, which shows the growing 
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demand for sustainable design. Like many, I believe sustainable design 
is the future of design because it reduces energy and material consump-
tion, preserves natural resources for future generations, and creates a 
healthier living environment. 

To make this sustainable design more paramount, I think we need to 
change our mindset on the notion that sustainable design is costlier. 
The initial design and construction is typically higher; however, these 
higher initial costs will be effectively alleviated by the savings incurred 
over time due to lower operational costs.

C+S: As you approach a mid-point in your career, what advice would 
you give to young engineers in the early stages of their careers?

Ali: I highly recommend finding a mentor in your field. Having a more 
experienced role model available to support career development, who 

inspires you to do better and pushes you to be your best, will keep your 
career on the right path. That being said, chances are your supervisors 
or mentors are busy. You should be proactive and ask tons of questions. 
Be a squeaky wheel if you aren’t getting the guidance you need. 

Finally, don’t ever stop learning. Your university education is just the 
first step in your career. A continual stream of learning is required for 
success at any stage. I learn something new every day.

C+S: When not working, how do you like to spend your time?

Ali: I enjoy spending time with my family and friends. I enjoy spend-
ing quality time with my lovely wife, Nagham, and our two little boys, 
Laith (7) and Omar (5). My personal relationships are always a priority 
and they bring me great joy. I also enjoy regular physical exercise and 
participating in various soccer leagues.

Muhammad Ali with his wife, Nagham, and sons Laith (left) and Omar. 
Photo: DW Photography
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FIRMS IN FOCUS 

There’s no doubt that America’s infrastructure needs to be rebuilt. For 
decades, bridges and roadways across the United States have been bad-
ly neglected. Many of our bridges, in particular, are well beyond their 
intended life cycles. Not only do they pose immediate safety hazards, 
but they are also undermining the economy by limiting mobility in and 
out of the regions they serve. While there is a clear need for action, it’s 
not as clear how we can mobilize nationally to repair our infrastructure, 
or how we can pay for such a program.

As critical as it is to rebuild the nation’s infrastructure, it is easier said 
than done. There are several challenges to overcome. The most obvi-
ous is funding. Where is the money to come from, both on a national 
and local level? There’s also a shortage of qualified and experienced 
engineering talent, particularly when it comes to fields such as bridge 
and highway engineering, which can take decades to master. America 
has ignored our bridges for so long that the new generation of expe-
rienced engineers is lacking, and the previous generation has retired. 
This challenge, in particular, promises to severely impede any large-
scale bridge infrastructure initiative.

Paying the price
How can we pay for programs that will likely cost trillions to address? 

The discussion revolves around three primary approaches. The first 
is federal funding. This is how America has traditionally developed 
transportation infrastructure since the Interstate Highway System was 
initiated during the Eisenhower Administration when a gallon of gas 
was 15 cents and the tax was 1 cent per gallon. In the 65 years since 
the initial Interstate Highway bill was passed, the federal government 
has underwritten development of nearly 50,000 miles of highways that 
extend across the U.S. Today, the tax is fixed at 18.4 cents per gallon, 
the same amount since 1994.  

While federal support of transportation development has continued in 
recent years — the most recent act providing $305 billion in highway 
spending was signed by President Obama just over a year ago — there 
is significant disagreement among legislators about how the govern-
ment should pay for transportation projects. Another question is where 
the money should come from? The current gas tax, not adjusted for 
inflation for more than 20 years, is simply not sufficient. Besides, ve-
hicles are becoming more fuel efficient. We must pay, but how? 

Not content to wait for federal dollars to alleviate local challenges, 
several regions across the country that recognize the importance of 
mobility are taking matters into their own hands. For instance, re-
cently passed Proposition 1 in the Seattle region will result in a $60 
billion transit investment in the region. Similarly, in California, where 
a supermajority is required for new taxes, Measure M passed in Los 
Angeles County. Measure M will be paid for with a half-cent sales 
tax increase and result in a $240 billion transportation investment in 
LA County alone. In addition to funding transit locally, Measure M 
also provides capital for highway and roadway development and im-

Starting from scratch
Shortage of funds and talent present hurdles 

to America’s push to rebuild infrastructure.
By Nathan Johnson, Ph.D., P.E.

Workers install new piles for the San Diego River Bridge Double Track, a 1,000-foot-long, two-
track bridge to replace a 100-year-old structure. Photo: Kleinfelder
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provement. However, local support of infrastructure development isn’t 
always a sure thing. Similar tax measures failed in San Diego and San 
Louis Obispo Counties on the same day Measure M passed.  

A third funding mechanism — public-private partnerships (P3s) — has 
been around since America’s beginning. One notable example is the 
Transcontinental Railroad. However, within the last decade, P3s have 
become reenergized and a modern form of P3 is being used for transit, 
roadway, and airports. These projects can include design, construction, 
ownership, financing, and maintenance, and enable agencies to deliver 
large projects with drastically reduced initial capital. While these part-
nerships can be complicated (it’s not always easy to balance the private 
investor’s need to generate revenue with the public interest), they can 
work very well in the right circumstances.

Multiple funding streams are needed to rebuild our roads and bridges, 
and the solution is certainly a strong combination of federal dollars, 
local funding, and P3s. We need all three. Some projects will be better 
suited to federal funding, while local underwriting or P3s will work 
better for others.  

Short bench
Another significant challenge — and one that will affect projects across 
the U.S. — will be a shortage of qualified talent to design projects and 
oversee their completion. Bridge and roadway infrastructure hasn’t 
been a national priority for many decades, and many firms have lost 
their “bench strength.” They will have to find new ways to build quali-
fied teams that can handle large and complicated engineering projects.

It’s estimated that the infrastructure projects that need to be completed 
during the next few decades will require at least 50 percent more bridge 
and roadway engineers than we have now. But how can we hope to 
meet even the 50 percent target if it takes more than 15 years of training 
to prepare an engineer for this work?

In the short term, the answer will revolve around partnerships between 
engineers and engineering firms with disparate, yet complementary 
skills and experience. For instance, engineering firms with bridge ex-
pertise will be able to partner with others that have track expertise. 
Engineering firms benefit from being able to win larger projects. At the 
same time, clients win (as does the public they serve) by gaining access 
to the most qualified and experienced engineers for their projects.

While these types of partnerships are not new, technology, which has 
only recently been available in an effective mainstream way, makes 
them stronger and more effective. CAD technologies, file sharing, and 
videoconferencing allow engineers to have a virtual project team so the 
most accomplished and experienced engineers can be engaged, regard-
less of location.

An evolutionary infrastructure system
The push to rebuild our infrastructure doesn’t only present challenges; 
there are opportunities as well. One of the most important is the oppor-

A Kleinfelder team works on the San Diego River Bridge Double Track. Photo: Kleinfelder
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tunity to apply innovation to the way we deliver infrastructure projects. 
So far, much of the innovation in surface transportation has come from 
outside the infrastructure industry. 

For instance, cellular technology and global positioning allow us to 
optimize routes. Autonomous vehicles have arrived and are being 
tested. Fossil fuel-burning engines based on 100-year-old technology 
are being replaced with electric vehicles that can be charged using lim-
itless solar power. Now it’s time to apply this same spirit of innovation 
to the roads and bridges we are building and restoring. What can we 
learn from outside industries that can help us create better and safer 
infrastructure?

Back in the 1990s, I had a professor and mentor — a bridge engineer 
— who realized that inspiration can come from unusual places. He 
looked at dental braces and realized that the same technology that was 
reshaping children’s teeth could help bridges resist earthquakes. That 
inspiration was the spark that led to bridges today constructed with 
shape memory alloys. This is the type of innovative thinking that we’ll 
need to truly solve our infrastructure issues.

As engineers, we are trained to build roads and bridges around 40-year 
plans. But with the incredible rate of technological advancement that’s 
changing where we live and how we travel, 40 years might as well 
be 200. We need to develop infrastructure that can evolve modes of 
transportation and people it serves. In the past, we could be confident 
new transportation infrastructure would remain useful for a generation 
or longer. If we continue to develop infrastructure based on today’s 
parameters, our roads and bridges may not be useful in five or 10 years. 

How do we think differently? A good start would be to ask how other 
industries handle this challenge.  

Can we transform roads or transit infrastructure efficiency in the same 
way retail is making the U.S. Postal Service more efficient? Can our 
roads serve as something more than just a surface for tires to roll over? 
Are they being used as efficiently as possible? Can we adopt the econo-
mies of scale enjoyed by other industries? Why replace one bridge at 
a time when we could package them up and replace 20, or 200? If our 
cell phones can charge wirelessly, why not our vehicles? These ques-
tions may not have easy answers, but when we do find the answers, 
we will be well on our way to creating an adaptable, evolutionary 
infrastructure system.

Bridges, not barriers
If we address our infrastructure challenges conventionally, barriers 
posed by funding issues, talent shortages, and rapidly changing tech-
nology will be insurmountable. However, if we approach these issues 
in innovative ways, learning from the example of other industries, pur-
suing thoughtful funding schemes, and building partnerships that com-
bine the best talents, we will not only fix transportation infrastructure, 
but create a gift for our children and a bridge to future generations.

SR99 off ramp is under construction in Seattle, part of the Alaskan Way Viaduct replacement. 
Photo: WSDOT

NATHAN JOHNSON, PH.D., P.E., is vice president and Bridge Market Segment 
manager for Kleinfelder. Johnson has more than 15 years of engineering 
and management experience, specializing in leading multidiscipline teams to 
complete structure-centric transportation projects through planning, funding, 
permitting, design, and construction. He may be reached at njohnson@
kleinfelder.com. 
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Upon first consideration, engineering might not seem the stuff of grand 
cinematic adventure. But could it secretly be an exciting, creative, he-
roic realm where the optimists of today are creating the life-saving, 
world-altering marvels that will make for a safer, more connected, 
more equal, and even more awe-inspiring tomorrow?  

Filmmakers at MacGillivray Freeman Films (MFF), in partnership 
with the American Society of Civil Engineers (ASCE) and Bechtel 
Corporation, answer that question in a resoundingly positive way in 
what is MFF’s biggest production to date. Dream Big: Engineering Our 
World is a film that is not only a journey through engineering’s greatest 
wonders but equally a tale of human grit, aspiration, compassion, and 
the triumph of human ingenuity over life’s greatest challenges.  

It’s also intended to be part of a movement aimed at bringing engineer-
ing into the forefront of American culture. That’s why the film will be 
accompanied across the U.S. by ongoing educational, museum, and 
community efforts to expose young people from all backgrounds and 
walks of life to what engineering is and what it can conjure in the 
world.  

Dream Big took MFF’s filmmakers on a three-year odyssey and to a 
greater number of locations than any previous film they’ve tackled. 

From the outset, the team of filmmaking veterans faced their biggest 
storytelling challenge: How to bust the long-standing myth that films 
about science and engineering can’t be mesmerizing, relatable, or full 
of heart. They were determined to completely do away with that illu-
sion, while also upending stereotypes about just who it is who becomes 
an engineer and why their careers mean so much to them. Engineering 
can be a mystery to those who have never encountered it up close, 
so MFF embraced that approach — using a series of human stories 
to expose the hidden world behind the most exciting inventions and 
structures in our daily lives.  

With an estimated more than 2.4 million science, technology, engineer-
ing, and math (STEM) jobs that need to be filled by 2018, the film’s 
message is timely and relevant. And with African-Americans and La-
tinos now representing just 9 percent of the science and engineering 
workforce, the opportunity for exponential growth is clear.  

“For the past two decades, people have been itching for a popular film 
about STEM,” said Director Greg MacGillivray. “Teachers, museums, 
and parents are looking for ways to get kids not just exposed to but also 
really turned on by science and engineering. So we wanted to see if we 
could bring something new to that effort with an entertaining, visually 
spectacular film full of stirring human stories, one that energizes kids 
of all kinds, including girls and minorities, to think about engineering 
as something that might be an exciting thing to do with their lives and 
their way to make a mark on the world.”  

The film is a bit of a departure for MacGillivray, best known for his ex-
plorations of the world’s most spectacular and often remote creatures 

A close-up view of the Shanghai Tower’s aerodynamic twist, which reduces the impact of typhoon winds on 
this 2,073-foot, 128-story structure. Photo: © American Society of Civil Engineers

Filmmakers dream big
A new 3D IMAX movie aims to bring engineering 

into the forefront of American culture.
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and landscapes. But MacGillivray and his team still approached Dream 
Big in their typically adventuresome style, deciding to travel the globe 
in search of some of engineering’s most captivating feats and stories.  

In each locale, the filmmakers use the scope of 3D IMAX to give an 
unprecedented view inside the engineering marvels they uncover in 
their path. Breathtaking imagery takes you soaring into the twists of 
China’s 127-story Shanghai Tower; circling through the Falkirk Wheel, 
the world’s only rotating boatlift; rolling through the desert on sun-
power in Australia’s World Solar Challenge Race; sizzling amid the 
mirrors of the Mojave Desert’s Ivanpah solar power plant; rocketing 
through North Las Vegas with the Hyperloop transportation experi-
ment; and down to the wire at the Underwater Robot Competition at 
the University of California in Santa Barbara.  

“This film actually has more worldwide locations than any film we’ve 
shot before,” Producer Shaun MacGillivray said. “There was a ton of 
logistics involved, but it was all worthwhile because we really wanted 
to emphasize the global nature of engineering, which is vital anywhere 
and everywhere you go on earth. But we also wanted to balance these 
big, visually awesome projects that take your breath away with projects 
that are equally about the power of compassion, such as Avery Bang’s 
Bridges to Prosperity, which helps poor communities by literally build-
ing bridges to new worlds.

“We embraced the idea of incredible breadth in Dream Big — because 
it showcases how engineering can be so cool in so many different ways. 
We also hope the film reveals that engineering has at its core far more 
than just math and science, as people tend to think. Sure, you need to 

study math and science to become an engineer, but engineering is just 
as much about getting creative, about helping people, and even carving 
out our human destiny. That’s exciting stuff for anyone.”  

For production manager Meghan MacGillivray, the approach of the 
film was different from any other in the company’s long and varied 
history of filmmaking. “It’s the biggest topic we’ve attempted,” she 
said. “So we had to find a way to tell a massive story in just 45 minutes, 
one that not only does justice to the amazing engineers we met but 
that really gets kids thinking, ‘This is super fun.’ For us, the heart of it 
all was finding our cast, who each in their own way make the subject 
joyful and thrilling. At the same time, the imagery of the film — from 
the ancient Great Wall of China to San Francisco’s futuristic Transbay 
building — is just made for the majesty of IMAX. It’s a true marriage 
of visual and personal storytelling, which is what we love the most.”  

That the cast includes so many women was also exhilarating for 
Meghan. “I just love having these amazing, powerful, strong women 
on the IMAX screen,” she said.

The vastness of the production is matched by MFF’s efforts to make 
Dream Big not just a movie but a movement that might have ripple 
effects beyond the theater. From the start, the team hooked up with 
key forces within the engineering world — including the ASCE and 
Bechtel Corporation.
  
ASCE has been working for a long time to connect the American public 
with engineering and especially to diversify engineering — to attract 
more women and minorities to a profession that thrives on different 

Engineers work on the final pieces of the Chameau footbridge in Haiti. The Chameau Bridge will provide much-needed 
access to schools and medical care for isolated, rural families. Photo: © American Society of Civil Engineers
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points of view and experiences. The ASCE previously worked with 
public television station WGBH in Boston on a Peabody Award-win-
ning project about the building of marvels like skyscrapers, bridges, 
and domes. But Dream Big offered an opportunity to take engineer-
ing to family audiences who might never even have given it a thought 
before, let alone known it could spark a wild adventure.  

“This film is another major step toward telling the story of engineer-
ing on a larger and larger scale,” said ASCE Executive Director Tom 
Smith. “MacGillivray Freeman Films and the IMAX format are a per-
fect match for this story because giant structures are that much more 
spectacular on the giant screen. But as visually exciting as this film is, 
we are especially gratified by the personal experiences it shares — ex-
periences that reveal how vitally important engineers are to our society 
right now and to future generations. We’re excited for audiences to see 
how engineers are working in such unique ways to make our world a 
better, safer, more wondrous place. 

“The challenges engineers are taking on are the big ones — clean 
water, smart buildings, climate change, creating sustainable cities for 
tomorrow,” Smith said, “and that means there is a pressing need for 
lots of young people to bring their fresh ideas. We hope many will 
be inspired when they see how engineering can take you to different 
places across the globe, from China to Nepal to Seattle. You also see 
how different kinds of people — from Avery Bang working in Haiti to 
a first-generation American such as Angelica Hernandez making her 
dreams come true in Phoenix to Steve Burrows flying across China — 
can each make their own individual mark on their communities and the 
world at large.”  

Bechtel saw getting involved with a film that highlights the exciting 
lives of engineers as a natural fit. “Dream Big is a first-of-its-kind film 
that aims to educate the public about the inspiring work that engineers 
are doing worldwide,” said Charlene Wheeless, principal vice president 
at Bechtel for Global Corporate Affairs. “The production also gives us 
a fresh way to reach out to all kids, especially girls — a group that we 
know from countless research studies is less likely to pursue science, 
technology, engineering, and mathematics careers. Our aim is for the 
film to inspire more girls to pursue career opportunities in engineering.

“Every day, engineers bring creativity, discipline, and passion to their 
work, Wheeless said. “The film showcases how engineers dream big 
to create a sustainable future and better quality of life for people ev-
erywhere. Whether its mega-construction projects, technology inno-
vations, solar cars, or humanitarian structures, engineers across many 
disciplines, backgrounds, and industries can and do change the world.”  

STEM education has been a long-time focus for Bechtel. In 1990, 
Stephen D. Bechtel Jr. served as the first chair of DiscoverE (formerly 
National Engineers Week Foundation), and also supports diverse 
STEM organizations like Society of Women Engineers, National Ac-
tion Council for Minorities in Engineering, and National Society of 
Black Engineers.

With the support of ASCE, Bechtel, and additional partners, MFF will, 
on top of the film’s release, bring forth an array of exhibits, events, and 
educational programs to accompany Dream Big and take the film from 
visceral viewing experience to fully interactive educational movement. 
They include:

Innovative engineers designed the Falkirk Wheel in Scotland, which moves boats between two levels of 
canals. It is the only rotating boat lift of its kind in the world. Photo: © American Society of Civil Engineers
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Cybersecurity due diligence is quickly becoming part of standard best 
practices in merger and acquisition (M&A) deals. Traditionally, the 
primary goal of due diligence is to investigate the target of a merger 
or acquisition to gain an accurate understanding of the target’s finan-
cial condition, policies, contracts, assets, and liabilities. With the rise 
of “big data,” and the attendant collection of massive quantities of 
personal and customer information, cybersecurity due diligence has 
become an essential component of the due diligence review process.

FIRMS IN FOCUS 

• an expertly designed school program that includes 12 lesson plans for 
grades K-12;

• 50 hands-on engineering activities designed specifically for museums 
and informal outreach;

• plans for engineering-themed events, including Girls’ Nights Out;
• collaborations with local ASCE groups across the country, as well as 

other groups including the Society of Women Engineers and the Society 
of Hispanic Professional Engineers; and

• local engineers leading demos and events at museums, schools, and 
public places. 

The hope is that the mix of Dream Big and these enhanced programs 
will light fires of aspiration, even in unexpected places.  

“To us, the film is a kick-off to a campaign that aims to give everyone 
— children and adults — hands-on engineering experiences,” Greg 
MacGillivray said. “We created the film to be as entertaining and fun 
for everyone as we could — but we do harbor a wish that it might 
spark a kid to think, ‘Hey, I’d like to design a futuristic building or 
life-changing bridge or cool underwater robot one day.’ If there’s a 
10-year-old girl in the audience thinking, ‘I have ideas, too,’ we want 
to not only inspire her but give her a chance to learn more and keep 
going.”   

Information provided by MacGillivray Freeman Films. Dream Big: Engineering 
Our World is a MacGillivray Freeman film, in partnership with the American 
Society of Civil Engineers, and presented by Bechtel Corporation. View a trailer 
and theater listings across the United States, Canada, and Mexico at www.
dreambigfilm.com. 

An engineer performs a routine inspection of the Golden Gate Bridge in San Francisco. Designed by a team of engineers 
in the 1930s, it was the longest suspension bridge in the world until 1964. Photo: © American Society of Civil Engineers

Deals and data 
Rise of ‘big data’ elevates cybersecurity due diligence 

to an essential step in the M&A process.
By Elaine Stanko, J.D.

www.dreambigfilm.com
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ELAINE STANKO, J.D., practices law for McNees in its Corporate & Tax and Finan-
cial Services practice groups. McNees (www.mcneeslaw.com) is a full-service 
law firm based in central Pennsylvania and serving clients worldwide.

Recent surveys indicate that executives, investors, and general counsel 
are placing increased emphasis on the cybersecurity practices of target 
companies in performing their acquisition due diligence. Mergermar-
ket (www.mergermarket.com) conducted a survey of senior executives 
at corporations and private equity firms that frequently conduct M&A 
transactions. It found that most respondents use the information ob-
tained through the cybersecurity due diligence process to plan for and 
estimate the cost of fixing uncovered problems, to decide whether to 
consummate a deal, and to negotiate down the purchase price or other 
deal terms.  

Top concerns of the group surveyed were the cost of correcting exist-
ing problems, the potential for complications with post-merger integra-
tion, the occurrence of frequent or recent data breaches, and threats 
to customer and business data. The most frequently reported type of 
cybersecurity issues were compliance problems, followed by a lack of 
comprehensive data security architecture, insider threats, inadequate 
security on mobile devices, server storage vulnerabilities, and the lack 
of a functioning data security team. 

Seventy-seven percent of the respondents in the Mergermarket survey 
reported walking away from a deal as a result of data security issues 
that were discovered in cybersecurity due diligence.  Even if the dis-
covery of a cybersecurity problem in the course of due diligence does 
not kill the deal, it may affect the value of the target or cause problems 
with post-merger acquisition integration.

Outside cybersecurity attorneys and third-party forensic and technical 
advisors and consultants are becoming integral players in the M&A 
cyber-risk due diligence process. The goal of assessing the target com-
pany’s cybersecurity should be introduced early in the engagement 
process. A key indicator is the maturity of the target’s cybersecurity 
program and whether it is well-integrated into the target’s institutional 
culture, beginning with the CEO and board-level and extending cross-
functionally throughout all departments — as opposed to being just a 
silo inside the IT function. A key question to ask is: How much does the 
target company budget for cybersecurity management?

The vulnerability of a target company to cybersecurity incidents must 
be assessed so that the prospective purchaser is aware of the poten-
tial for exposure for liability for cybersecurity issues after the deal is 
completed. Due diligence should include a review and analysis of the 
seller’s privacy and data security policies, programs, and procedures 
across all media, both online and mobile, including a description of the 
types of personally identifiable information (PII) the target company 
collects, how the PII is used, and the extent to which it is shared. 

Any available external and internal intrusion and other audits that have 
been conducted should be made available to the prospective purchaser. 
The target should be required to provide information about any data 
security breaches or other incidents that have occurred, and all reports 
related to them. The target should also provide all data breach notifica-
tions the target company has sent, reports that have been made to law 
enforcement or regulatory agencies, and any responses that have been 
received including regulatory and administrative complaints, actions, 
litigation, fines, and penalties. Copies of the target company’s physi-

cal security policies pertaining to its buildings, data centers, computer 
rooms, and locations of its critical computer infrastructure should be 
examined both on paper and in actual practice.

The acquiring company should inspect all of the target’s insurance 
policies, in particular, its cyber insurance policy, especially if the target 
has experienced a data breach incident, to determine if the incident 
was covered and whether the proper steps were taken that could be a 
prerequisite to coverage. An analysis should be done to decide whether 
additional coverages specific to data security matters should be pur-
chased, and what the additional coverages will cost. All information 
about any events that have given rise to a cyber insurance claim should 
be provided to the acquiring company. 

A thorough review and analysis of the target company’s social media 
presence should be undertaken, including a list of all of the target’s 
social media platforms and a description of how the target company 
uses each form of social media. Employment manuals, handbooks, 
and policies should be reviewed for provisions related to employee 
use of email and social media, and the target’s practices concerning the 
collection, use, and retention of employee PII, as well as the security 
screening and controls the target uses in hiring personnel. 

Because data breaches often involve third-party vendors, the target 
company’s vendor management process should be reviewed, with 
particular attention paid to its vendors’ obligations to the target com-
pany. Counsel should review the security and privacy provisions of the 
target’s vendor contracts. 

Finally, the prospective purchaser needs to understand the target’s in-
dustry in order to determine the applicable sector-specific federal and 
state statutes and regulations and the target’s compliance with them. 
Federal laws could include, for example, the Gramm-Leach-Bliley 
Act, HIPAA, HITECH, Fair Credit Reporting Act, CAN-SPAM Act, 
and others. In addition, state privacy laws may be implicated since 
47 states, and the District of Columbia, Puerto Rico, and the Virgin 
Islands, have all enacted their own data breach notification laws, which 
govern the collection of their residents’ PII.

International considerations must also be assessed so the acquiring 
company can determine the target’s compliance with the privacy and 
data protection laws of international jurisdictions where it is consid-
ered to operate, particularly because European Union member states 
often impose privacy and data security laws that are more far-reaching 
than in the United States.

By assessing privacy and data security risks in due diligence, the ac-
quiring company can manage the transactional risks, the value of the 
deal, and the cost of post-merger compliance.
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Many people, particularly engineers, policymakers, and urban plan-
ners, are anxiously awaiting the introduction of self-driving vehicles 
(SDVs). They promise to make our streets and highways safer by 
eliminating driver error.

However, as promising as SDVs are, they also will bring challenges. 
Perhaps no segment of the infrastructure will be impacted as much as 
parking. Why parking? Because personal vehicle transportation is so 
inefficient. Multiple studies have found that cars sit parked 94 percent 
of the time. In addition, parking typically requires as much, if not more, 
floor area as the commercial destination it services. As commuters and 
shoppers increasingly rely on SDVs that can drop them off and move 
on, the need for parking facilities will decrease dramatically. 

Even though SDVs are still a few years away, demographic changes 
are already reducing parking demand. There has been a shift in the atti-
tudes of Millennials (and presumably future generations) about driving 
and owning cars. Millennials prefer urban living to a greater degree 
than earlier generations, which understandably decreases their need to 
own personal vehicles. 

While many will no doubt move to the suburbs when they have school 
age children, others will choose to stay urban, and still others will 
likely choose denser walkable neighborhoods near suburban down-
towns. Through 2016, vehicle miles traveled per capita are at the level 
of 1998; and there’s no certainty that we will ever get back to the peak 
2005 levels. 

Obviously, it will take time for older cars without the self-driving tech-
nology to be retired from service, and it will also take a while for SDV 
technology to be trusted and widely used. However, the anticipated 
marriage of ride-sharing services (such as Uber and Lyft) with SDVs 
should be the game changer for transportation — not to mention park-
ing demand. In fact, it is now expected that public-private partnerships 
(P3s) will be developed city-by-city, to provide:
• the infrastructure needed for SDVs (everything from the cellular data 

network to mapping to maintaining pavement markings), and
• a local subscription ride-sharing service that will not only supplement 

transit services in off hours but solve the first mile/last mile problem for 
transit as well as provide mobility for the aging and disabled. 

In essence, it will be similar to the development of the electric grid in 
the late 1800s, starting in the downtown of urban areas and radiating 
outward. 

How much could SDVs affect parking demand? Two credible studies 
used detailed travel data from the National Household Travel Survey 
(NHTS) collected by the U.S. Department of Transportation to esti-
mate the maximum potential reductions in vehicle ownership if all 
households that could use SDVs did use them. Using this data, the 
University of Michigan estimated that nationwide, American automo-
bile ownership could decline from 2.1 vehicles per household (today’s 
average) to 1.2 vehicles per household. That is a potential decline of 43 
percent, simply because one SDV could handle all household trips (that 
is, without any subscription service). The reduction will certainly vary 
by area, with urban downtown vehicle ownership dropping by much 
more than that in rural areas.

Using the Ann Arbor, Mich., data from NHTS, Columbia University 
estimated that 18,000 subscription SDVs could provide the trips now 
made by 120,000 residents of Ann Arbor, which represents a potential 
reduction of nearly 50 percent in the 200,000 vehicles now owned by 
Ann Arbor residents. 

While the study’s authors didn’t calculate a reduction in parking de-

Self-driving vehicles 
and the future of parking

Automotive technologies and demographic changes 
will transform design and use of parking facilities.

By Mary Smith, P.E.

The anticipated marriage of ride-sharing services such as Uber and Lyft with self-driving 
vehicles should be a game changer for transportation.
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mand, it is possible to use their data to extrapolate how much parking 
demand would reduce. Adding a reported 50,000 average daily com-
muters from outside the city limits, and assuming that all non-residents 
won’t be able to use subscription services to commute, we estimate 
that Ann Arbor would experience a reduction of about 40 percent in 
parking demand. This is solely due to the subscription model, and not 
owners choosing to have their own SDV. The two studies thus overlap, 
but an overall maximum reduction of 40 percent in parking demand 
seems a reasonable projection of the maximum impact, from what we 
know today. 

It’s easy to be skeptical about the ability of any single technology to 
transform the transportation and parking landscape. However, SDVs 
are different because they have the strong support of the government, 
regulators, and academics because they offer significant public safety 
benefits. A study of crashes by the National Highway Traffic Safety 
Administration found that the most critical factor in 94 percent of 
crashes was driver error, with the remaining 6 percent caused by vehi-
cle component failure, environment, and other unknown causes. SDVs 
are essentially a life-safety issue. At some point, those who don’t have 
the vehicle drive itself may be considered as risky as drunk drivers. 

Parking will also become more efficient. By 2025, it is expected that 
most new cars sold will be able to drive and park without human in-
tervention. Many manufacturers already offer some form of parking 
assistance, and in 2015 Mercedes Benz became the first manufacturer 
to offer fully autonomous parking — the car can find a stall and park 
itself after dropping off the driver and passengers at the front door. 
That will allow four cars to be parked in three stalls, primarily because 
space for opening car doors will not be required at the parking stall. 
In turn, that represents up to a 1/3 increase in parking capacity, at the 
same time that other users no longer park at the facility at all. 

While 2025 may seem a long time away, designers of parking facili-
ties need to start recognizing these issues today. The typical parking 
structure is designed to remain in service for 50 years or longer. The 
financial markets are already beginning to question the long-term vi-
ability of parking facility bonds or loans with terms of 20 or 30 years.  

Some in the planning community are advocating all new facilities be 
“adaptable” structures that can be largely if not entirely converted to 
future uses. However, I don’t think that is necessary, nor advisable for 
many new parking structures. When existing parking lots or structures 
already serve a destination, such as in a downtown or a campus, the 
first step will be to develop new uses on surface lots. New buildings 
will be built without as much, if any, parking. And if a facility is no 
longer needed, it will be far more appropriate to tear down an old, 
deteriorating garage than to convert a new, state-of-the-art one. The 
reduction in parking demand in downtowns will happen over a long 
period of time and be absorbed into the local parking market. 

Walker Parking Consultants has designed a fair number of parking 
structures for future expansion during the last 50 years, and I doubt 
that 1 in 100 was ever expanded. The cost to design a new garage for 
full conversion to a specific future use is relatively high — as much as 
a 20 percent premium — and there is no guarantee that the provisions 

Parking designers must create sufficient drop-off areas for people who arrive via self-
driving vehicles, whether they send the vehicle to park onsite 

or it goes on its merry way.  

Considering that the typical parking structure is designed to remain in service for 50 
years or longer, developers and their parking designers need to address self-driving 

vehicle-related design issues today, even though SDVs 
won’t be common for another decade or longer.
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— and investment — will be appropriate for the new use at the time 
of conversion. 

Building codes change. For example, after ADA was passed, the re-
quired clear width between handrails in stairs was increased to allow 
firefighters to carry people in wheelchairs down stairs. Seemingly 
minor today, a future code change like that could significantly escalate 
the cost of conversion.  

However, there are many cost-effective provisions that can be incorpo-
rated in designs, including designing the grade and roof levels for con-
version, leaving room for the vertical pedestrian circulation and stairs 
outside the structure footprint. The site can also be designed to allow 
parking structures to be wrapped with future residential developments. 
And other provisions such as providing extra capacity in the founda-
tions, additional floor-to-floor height, and using flat floors with express 
ramps are reasonably cost effective (maybe a few percent greater 
construction cost), leaving the future structural, MEP, and architectural 
needs to be designed and retrofitted at the time of conversion for the 
then-proposed use. 

Another idea is to be more aggressive with parking management now. 
For example, for residential parking, use car stackers for the second car 
owned by a tenant and build only one slightly taller level of parking 
rather than two floors. The tenant pays a lower rate for the second stall 
to compensate for having to move one car to get to the other. In the 
future, if the household doesn’t have a second car, the upper pallet can 
be converted to a storage unit for that tenant and thus still generate 
revenue. 

An important issue for designers today will be to create sufficient drop-
off areas for people who arrive via SDVs, whether they send the vehicle 
to park onsite or it goes on its merry way. We suspect that a fair number 
of on-street spaces will be converted to passenger loading zones for 
car-sharing services such as Uber and Lyft, but in many cases, having 
the drop-off inside the parking structure may be appropriate and best 
planned today.  

The reduction in parking demand resulting from SDVs will also 
change the way we view parking. For nearly a century, American plan-
ners and political leaders have believed that, when it comes to parking, 
more is better. This attitude has already begun to change, but it is to 
be hoped that more planners and municipal leaders will realize that it 
makes more sense to build only as much parking as you need to help 
commerce thrive.

During the next two decades, SDVs will transform the parking land-
scape and change the way we as engineers design parking facilities. 
For municipal planners, city leaders, and private developers, now is the 
time to begin planning for the new parking reality.

MARY SMITH, P.E., is senior vice president and director of Parking Consulting for 
Walker Parking Consultants. She may be reached at mary.smith@walkerpark-
ing.com. 

Smart Growth 
America releases 
transit-oriented 
development 
parking study

Hundreds or thousands of people travel to and through transit stations 
each day, and decisions about what to do with the adjacent land have 
implications for local economies, transit ridership, residents’ access to 
opportunity, and overall quality of life for everyone in a community. 
Many communities choose to dedicate at least some of that land for 
parking. The question is, how much? Standard engineering guidelines 
are designed for mostly isolated suburban land uses — not walkable, 
urban places served by transit. But few alternative guidelines for 
engineers exist.

Empty Spaces: Real parking needs at five TODs, set out to determine 
how much less parking is required at transit-oriented developments 
(TODs) and how many fewer vehicle trips are generated than standard 
industry estimates.

Professor Reid Ewing and his research team at the University of 
Utah College of Architecture + Planning selected five TODs across 
the country, each with a slightly different approach to development 
and parking — Englewood, Colo.; Wilshire/Vermont in Los Angeles; 
Fruitvale Transit Village in Oakland, Calif.; Redmond, Wash.; and 
Rhode Island Row in Washington, D.C. The research team counted 
the number of people entering and exiting the TOD buildings and 
conducted brief intercept surveys of a sample of them. The team also 
counted parking inventory and occupancy.

The study found that all five TODs generated fewer vehicle trips 
than standard guidelines estimate, and used less parking than many 
regulations require for similar land uses. Most of the TODs included 
in this study also built less parking than recommended by engineering 
guides, yet even this reduced amount of parking was not used to 
capacity. The ratio of demand to actual supply was between 58 percent 
and 84 percent. Fewer vehicle trips is one likely reason why parking 
occupancy rates were lower than expected. Another possible reason 
is that standard engineering guidelines do not fully account for other 
travel modes that are available and actively encouraged at TODs.

Empty Spaces: Real parking needs at five TODs is available at https://
smartgrowthamerica.org/resources/empty-spaces-real-parking-needs-
five-tods. 

https://smartgrowthamerica.org/resources/empty-spaces-real-parking-needs-five-tods
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The Metal Construction Association (MCA) recently announced the 
winners of its 2016 Chairman’s Awards, given to the year’s most 
exceptional building projects involving MCA member companies. 
Awards are based on overall appearance, significance of metal in the 
project, innovative use of metal, and the role of metal in achieving 
project objectives.

The Engineers Club of St. Louis — now known as the Engineering Cen-
ter of St. Louis — is the third oldest engineering organization in the 
United States and the oldest west of the Mississippi River. In Decem-
ber 2016, Remiger Design, a St. Louis-based planning, architecture, 
and interior design firm, and the Engineering Center of St. Louis held 
a groundbreaking ceremony for the first phase of a multi-phase renova-
tion project. The first phase of the project, scheduled to be completed 
in the spring of 2017, will involve converting the building’s auditorium 
into a technologically advanced meeting space to create a flexible and 
modern environment. Additional stages of the project will include a 
redesigned fellowship hall; a new science, technology, engineering, 
and math (STEM) learning facility; and new updates to the building’s 
exterior.

The Engineering Center of St. Louis (www.engineeringcenter.org) is 
home to more than 34 professional affiliate societies. Representing 
more than 14,000 members, the center serves as the central meeting 
place for the engineering community in St. Louis. The mission of the 
center is to advance the engineering profession through services to 

the industry; encourage the next generation to pursue a career in engi-
neering by building interest in STEM; and raise awareness of current 
engineering issues.

“For almost 150 years, the Engineering Center has been a cornerstone 
in the St. Louis engineering community,” said Nicole Young, president 
of the Engineering Center of St. Louis. “We are thrilled to be break-
ing ground on this momentous renovation project and creating a space 
that will promote and support the fostering and development of a wide 
range of programs and initiatives.” 

“It has been an honor working on this renovation project with the Engi-
neering Center, an organization that has made so many significant con-
tributions to the engineering profession,” said Vern Remiger, president 
of Remiger Design. “The restoration project we are working on with 
United Construction will provide the ability for the center to continue 
to make a lasting impact on the St. Louis engineering community and 
the engineering industry as a whole.” 

“I have a special place in my heart for the club because I was able to 
follow in the immediate footsteps of the true giants in our profession 
who were also true community leaders,” said George Tomazi, retired 
director of Design and Construction at Mallinckrodt, and donor and 
past president of the Engineering Center. “As such, there is an inherent 
obligation to continue to honor their contributions, and supporting the 
club is one way to accomplish that.”

Engineering Center of St. Louis breaks ground 
on a multi-phase restoration project.

MCA’s 2016 Chairman’s Awards recognize education building projects.

Renovation supports 
community STEM initiatives

Designs in metal

Information provided by Remiger Design (http://remigerdesign.com).   

Established in 1868 and formerly named the Engineers Club of St. Louis, the 
Engineering Center of St. Louis serves as a central meeting place for the engineering 
community, now representing more than 14,000 engineers. 

The Engineering Center of St. Louis, held a groundbreaking ceremony in December 
for the center’s multi-phase renovation project. Posing with shovels are (left to right) 
Ed Alizadeh, P.E., president and CEO, Geotechnology, Inc.; Breck Washam, P.E., vice 

president/general manager, St. Louis Regional Office at Burns & McDonnell; Vern 
Remiger, president, Remiger Design; Nicole A. Young, P.E., president, Lion CSG, 

and president, Engineering Center of St. Louis; and Barry Koenemann, CEO, United 
Construction. 
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The MCA Chairman’s Awards were given in eight categories: overall 
excellence; residential; metal roofing; education - primary and 
secondary schools; education - colleges and universities; institutional; 
municipal; and commercial/industrial. 

The University of Arkansas Champions Hall in Fayetteville, Ark., 
received the 2016 Chairman’s Award in the Education - Colleges 
and Universities category. Funded primarily by the university’s 
athletics department, Champions Hall is located on the southern 
edge of the university’s historic academic core. The building fills a 
deficit in classrooms and laboratory environments, while serving as 
a hub and student destination that energizes the surrounding campus 
neighborhood. The project sits between two prominent hilltops in an 
understated “Service Valley” and is adjacent to a large parking garage 
and central utility plant. 

The use of metal allows the design to elegantly interweave the 
utilitarian language of the adjacent structures while complementing 
the highly defined material palette of the nearby historical academic 
core. With the majority of neighboring buildings being elevated, the 
roof becomes the building’s highly visible “fifth elevation.” Here, 
economical standing seam metal roof panels fold down to become 
wall, creating identifiable and entry portals at the building’s north 
end.

“This project is all about metal, even down to the horizontal joints 
that happen in the walls. It gives a texture at night with glimmers 
of light, and in the daytime it’s like a musical rhythm,” said Brent 
Schipper, AIA, LEED AP, principal, ASK Studio, Des Moines, Iowa, 
and a competition judge.

The aesthetic and functional versatility of the metal material 
was a major factor in its selection. The wrapping elements of the 
building required a material that could be used on both horizontal 
and vertical surfaces while addressing issues of water infiltration. 
Metal’s durability and sustainability were other factors that made it a 
clear choice. The design team specified material that was regionally 
sourced and with a high-recycled content to help contribute toward 
LEED credits. 

In addition to the highly visible roof, the site’s location within the 

university campus further required access and entries from all sides 
of the building, eliminating the option of a back or service side. 
Perforated metal wall panels were utilized to conceal intake and 
exhaust openings to mechanical rooms, seamlessly integrating them 
into the south and west façades and allowing these services to be 
located directly adjacent to building entries.

Primary school category
Fayetteville Montessori Primary School, also in Fayetteville, Ark., 
received the MCA’s 2016 Chairman’s Award in the Education - 
Primary and Secondary Schools category. The school required 
a complete renovation, transforming an outdated suburban strip 
mall into a nine-classroom school building to fit seamlessly into 
the existing campus. The renovation, which was completed in 11 
months for $132 per square foot, utilizes the original structure of the 
building, including the glass storefronts on two walls, which now 
provide expansive banks of natural light for classrooms. An addition 
on the north side of the building intersects the existing building, 
creating a dynamic corner framing two courtyards used for outdoor 
play between the old and the new.

A new elementary school, built in 2012, established a material 
language and identity for the campus. The existing materials, budget 
constraints, time constraints, and elegant detailing led to the decision 
to use dark bronze box rib metal panel to unify the campus with a 
new aesthetic. The metal panel allowed lightweight, cantilevered, 
angled walls to fold down in front of the windows, providing shade 
and a visual separation from the street. With custom corner details, 
the metal panel seamlessly navigated existing odd angles, and helped 
integrate the existing structure and a three-classroom addition. The 
metal panel met the budget needs and worked with established 
detailing and aesthetics from the elementary school, extending and 
unifying the campus.

“It’s really bold and creates a strong contemporary statement from 
a building that’s been recycled,” said Mark Dewalt, AIA, principal, 
Valerio Dewalt Train Associates, Chicago, and a MCA judge.

Information provided by the Metal Construction Association (www.metalcon-
struction.org).   

Metal roof panels fold down to become walls on the University of Arkansas 
Champions Hall.

Fayetteville Montessori Primary School used lightweight, cantilevered, angled metal 
panel walls to transform an outdated strip mall into a school building.

www.metalconstruction.org
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The U.S. Energy Information Administration’s (EIA) Annual Energy 
Outlook 2017 (AEO2017), released in early January, presents updated 
projections for U.S. energy markets through 2050 based on eight 
cases (Reference, Low economic growth, High economic growth, Low 
oil price, High oil price, Low oil and gas resource and technology, 
High oil and gas resource and technology, and No clean power 
plan implementation). This is the first time that EIA is publishing 
projections through 2050 in the AEO tables.

The United States becomes a net energy exporter in most AEO2017 
cases as petroleum liquid imports fall and natural gas exports rise. 
Exports are highest, and grow throughout the projection period, in the 
High oil and gas resource and technology case, as favorable geology 
and technological developments combine to produce oil and gas at 
lower prices. The High oil price case provides favorable economic 
conditions for producers while restraining domestic consumption, 
enabling the most rapid transition to net exporter status. In all cases 
but the High oil and gas resource technology case, which assumes 
substantial improvements in production technology and more 
favorable resource availability, U.S. production declines in the 2030s, 
which slows or reverses projected growth in net energy exports.

“EIA’s projections show how advances in technology are driving oil 
and natural gas production, renewables penetration, and demand-side 
efficiencies and reshaping the energy future,” said EIA Administrator 
Adam Sieminski. “The variation across the analysis cases of projected 
net energy export levels — as well as other findings in AEO2017 
— demonstrates the importance of considering the full set of AEO 
cases.”

Alternative cases incorporate different key assumptions, reflecting 
market, technology, resource, and policy uncertainties that may affect 
future energy markets.

Other key findings:
Energy consumption is consistent across all AEO cases, bounded by 
the High economic growth and Low economic growth cases. In the 
Reference case, total energy consumption increases 5 percent between 
2016 and 2040. As a significant portion of energy consumption is 
related to economic activity, energy consumption is projected to 
increase by approximately 11 percent in the High economic growth 
case, over 2016-2040, and remain nearly flat in the Low economic 
growth case. In all AEO cases, the electric power sector remains the 
largest consumer of primary energy (see Figure 1).

Energy production ranges from nearly flat in the Low oil and gas 
resource and technology case, to nearly 50 percent growth over 
2016-2040 in the High resource and technology case. Unlike energy 
consumption, which varies less across AEO cases, projections of 

PROJECT+TECHNOLOGY

Energy/Mining

U.S. Energy Information Administration projects the U.S. 
as a net energy exporter in most cases.

2017 energy outlook

Figure 1: U.S. net electricity generation from select fuels, in billion kilowatthours. 
Image: U.S. Energy Information Administration
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energy production vary widely. Production growth is dependent on 
technology, resource, and market conditions. Total energy production 
increases by more than 20 percent in the Reference case, from 2016 
through 2040, led by increases in crude oil and natural gas production.

Energy-related carbon dioxide emissions decline in most AEO cases, 
with the highest emissions projected in the No clean power plan 
case. All of the AEO2017 cases except the No clean power plan case 
include the Clean Power Plan.

To better focus EIA’s resources on expanding its understanding of 
the rapidly evolving energy markets, as well as to better represent 
new information in EIA’s models and publications, starting with 
AEO2015, EIA has adopted a two-year release cycle for the AEO. 
A full edition of the AEO, including Issues in Focus articles, and in-
depth updates on changes in Legislation and Regulations, and a large 

set of side cases with browser tables and spreadsheets for all cases 
is produced every second year. In years between the full editions, a 
shorter edition provides a smaller number of cases summarized in 
annotated presentation slides, with the standard set of AEO browser 
tables and spreadsheets containing the detailed modeling results. 
AEO2017 is a shorter edition of the AEO. 

The projections from the AEO2017 Reference and alternative cases 
are available at www.eia.gov/outlooks/aeo. 

The U.S. Energy Department released a report that confirms that 
adding even limited electricity transmission can significantly reduce 
the costs of expanding wind energy to supply 35 percent of U.S. 
electricity by 2050. The report — Reducing Wind Curtailment 
through Transmission Expansion in a Wind Vision Future — by the 
National Renewable Energy Laboratory (NREL), affirms the findings 
of the Energy Department’s 2015 Wind Vision, which showed that a 
future in which wind provides 20 percent of U.S. electricity in 2030 
and 35 percent in 2050 is achievable and would provide significant 
economic, energy security, and health benefits to the nation.

For the study, NREL simulated operation of the electric power grid 
under a scenario where 35 percent of electricity comes from wind in 
the year 2050 using PLEXOS, an integrated modeling tool commonly 
used by utilities and transmission organizations. The study focuses 
on the Western Interconnection grid, which includes 11 states, two 
Canadian provinces, and parts of northern Mexico where the U.S. grid 
crosses the border. The study includes a baseline scenario assuming 
no significant transmission expansion across the western grid, as well 
as three scenarios with varying levels of transmission buildout.

In the baseline scenario with no transmission expansion, substantial 
renewable energy curtailment — times in which wind farm operators 
are told not to produce energy due to limited capacity on the grid 
— could become a major issue. In this scenario, about 15.5 percent 

of wind energy capacity goes unused with consequent increases in 
system costs as a result of idled wind generation. 

The study also finds that if just four currently proposed transmission 
projects are built, wind curtailment can be reduced by about half, 
cutting lost generating potential to 7.8 percent. If the nation deploys 
additional transmission beyond those four proposed projects, wind 
curtailment can be reduced even further — allowing full use of 
wind energy, reducing generation costs, and unleashing additional 
economic and societal benefits.

This report quantifies on a regional scale what has happened in Texas 
in recent years; wind curtailment on Texas’s grid ranged from 8 percent 
to 17 percent between 2009 and 2011, but fell to only 1 percent after 
new transmission lines and other upgrades were completed under 
Texas’s Competitive Renewable Energy Zone initiative.

Wind power is one of the fastest growing sources of new electricity 
generation in the United States and is already providing substantial 
economic, energy security, and health benefits. This study affirms 
that even limited additions to transmission capacity would allow 
more wind energy from the Mountain states to power load centers 
on the West Coast. On the other hand, a lack of new transmission 
capacity could limit the growth of wind energy and its potential 
benefits. Overall, the results of the study underline that utility grids 
can reliably operate with more than 35 percent wind energy and 12 
percent solar energy, and emphasize that even limited transmission 
expansion can significantly ease the path to a renewable energy 
future.

Download the report at www.nrel.gov/docs/fy17osti/67240.pdf.   

Report shows new transmission can help wind energy 
supply a third of U.S. electricity.

Grid capacity 
key to wind vision

Information provided by the U.S. Energy Information Administration (www.eia.
gov).   

Information provided by the U.S. Department of Energy (www.energy.gov).  
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The board of trustees of the Long Island Power Authority (LIPA) 
voted to approve the nation’s largest offshore wind farm, and the first 
offshore wind farm in New York. The approval of the South Fork 
Wind Farm, a 90-megawatt (MW) development, 30 miles southeast 
of Montauk, is the first step toward developing an area that can host 
as much as 1,000 MW of offshore wind power. The wind farm, which 
is out of sight from Long Island’s beaches, will provide enough 
electricity to power 50,000 Long Island homes with clean, renewable 
energy, and will help meet increasing electricity demand on the South 
Fork of Long Island.
 
The vote comes two weeks after New York Governor Andrew 
M. Cuomo called on LIPA to approve the wind farm project and 
announced a commitment to develop as much as 2.4 gigawatts (GW) 
of offshore wind by 2030. The 2.4-GW target, which is enough power 
generation for 1.25 million homes, is the largest commitment to 
offshore wind energy in U.S. history.
 
“New York leads the nation in pioneering clean energy innovation, 
and this bold action marks the next step in our unprecedented 
commitment to offshore wind, as well as our ambitious long-term 
energy goal of supplying half of all electricity from renewable sources 
by 2030,” Cuomo said. “This project will not only provide a new, 
reliable source of clean energy, but will also create high-paying jobs, 
continue our efforts to combat climate change, and help preserve our 
environment for current and future generations of New Yorkers.” 

The LIPA board approved a contract submitted by Deepwater Wind 
for the South Fork Wind Farm after a year-long process engaging the 
private sector for the best available clean energy generation ideas and 
detailed cost modeling. Other elements of LIPA’s South Fork energy 
portfolio include transmission enhancements and additional clean 
energy solutions such as battery storage and consumer electricity 
demand reduction.

The LIPA board approved a 20-year pay-for-performance Power 
Purchase Agreement, allowing the utility to only pay for delivered 
energy without taking construction or operating risk. Advancing 
technology and innovation reduced the project’s all-in wind energy 
price to be competitive with other renewable energy sources.

In addition to approval for the South Fork Wind Farm, the New York 
State Energy Research and Development Authority is continuing 
to develop an Offshore Wind Master Plan, outlining the state’s 
commitment to developing cost-effective offshore wind resources in 
federal waters off the coast of New York. The Master Plan, to be 
released in late 2017, will show how additional New York coastal 
sites may be developed responsibly and will set capacity targets 
and commercial operation dates for each site. The state said it will 
continue to work closely with coastal community members, the 
fishing and maritime industries, environmental advocates, and other 
stakeholders to identify additional offshore wind energy sites to be 
included in New York’s Offshore Wind Master Plan.

Tom Falcone, LIPA’s CEO, said, “We are confident this is the first 
step to developing the tremendous potential of offshore wind off 
Long Island’s coast and meeting Governor Cuomo’s Clean Energy 
Standard. This project is the right size, at the right location, and 
demonstrates how smart energy decisions can reduce cost while 
providing renewable energy and clean air for all of Long Island.”

American consumers spent less than 4 percent of their total annual 
household spending on energy in 2016, the smallest share ever 
recorded by the U.S. government, a new study finds. Falling costs 
for electricity, gasoline, and natural gas along with energy efficiency 
measures have contributed to a dramatic drop in consumer spending 
on energy. This finding, from the 2017 Sustainable Energy in 
America Factbook, is supported by U.S. energy statistics highlighting 
improvements in energy efficiency, natural gas production and use, 
and renewable energy deployment.

The 2017 Factbook, compiled by research firm Bloomberg New 
Energy Finance (BNEF) for the Business Council for Sustainable 
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Information provided by the office of New York Governor Andrew M. Cuomo 
(www.governor.ny.gov).  

Wind farm 30 miles off the coast of Long Island, N.Y. 
is expected to power 50,000 homes.

Nation’s largest offshore 
wind project approved

Costs fall for electricity, gasoline, 
and natural gas as energy efficiency improves.

U.S. consumer 
spending on energy 

plummets in 2016
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Energy (BCSE), is the fifth edition of this 
annual resource. The Factbook outlines key 
trends influencing America’s investment and 
economics, energy supply, and energy demand. 
This year’s edition demonstrates that growth and 
development of key energy industries continues 
to contribute to positive energy and economic 
trends benefitting the U.S.

According to BNEF, “Two thousand sixteen 
marked yet another monumental year in the 
energy sector, as the transformation in how the 
U.S. produces and consumes energy continued 
to play out. The rapid pace of renewable energy 
deployment accelerated, consumption and export 
of domestic natural gas hit record levels, and the 
economy grew more energy efficient than ever. 
In the face of all this change, Americans are 
enjoying lower energy bills, directing less of their 
household income to energy spending than at any 
other time on record.”

“The contributions of sustainable energy to the 
country’s economic competitiveness are direct, 
dramatic, and dynamic,” said Lisa Jacobson, 
president of BCSE. “The trend lines in the 2017 
Factbook are clear: Energy efficiency, natural 
gas, and renewable energy are benefitting 
American consumers, American businesses, and 
American manufacturers. And that adds up to one 
conclusion: Clean energy wins for America.”

The key cost savings, economic development, 
and manufacturing statistics quantified by the 
2017 Factbook include the following:
• Retail electric prices across the country fell 2.2 

percent in 2016 in real terms from 2015 levels. 
On average, consumers now pay 3.9 percent less 
per kilowatt-hour for electricity than in 2007.

• Natural gas prices across the spectrum set or 
approached record lows in 2016. Retail natural 
gas prices continued to tumble as prices for 
commercial consumers plunged to their lowest 
levels since 1977, in real terms.

• Renewable deployment hit record levels in 
2016, and wind and solar costs continued to 
fall, making renewables the cheapest source of 
energy in some states.

• The U.S. economy is continuing to grow without 
expanding its use of energy. Since 2007, the 
nation’s GDP has grown by 12 percent while 
energy consumption has fallen by nearly 4 
percent.
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• The U.S. remains one of the most competitive places in the world for 
energy-intensive industries and manufacturing due to low power and 
natural gas prices — beating out other large countries such as China, 
India, Mexico, and Japan.

“The U.S. continues to use energy more efficiently and with lower 
CO2 emissions, while at the same time cutting consumer spending,” 
said Colleen Regan, head of Environmental Markets and Cross-
sector Research at BNEF. “2016 offered further proof that we can 
decarbonize and grow our economy, all without raising customer 
bills.”

The following key trends influencing finance and investment, 
production, and consumption are highlighted in the 2017 Factbook:

Investment and economics
• Investment in zero-carbon technologies totaled $59 billion in 2016, 

after a record $63 billion in 2015.
• Utilities invested $21.5 billion in electric transmission and another 

$21.1 billion into natural gas infrastructure, which are critical to 
sustained long-term growth for sustainable energy.

• American consumers are devoting less of household spending to 
energy than at any other time in the past 60 years, and the U.S. 
remains one of the most competitive places for energy-intensive 
industries worldwide.

Energy supply
• The U.S. continues to extract near-record amounts of domestic natural 

gas, while productivity improves.
• Renewable energy and natural gas now provide 50 percent of U.S. 

power, up from only 30 percent 10 years ago.
• Economy-wide greenhouse gas emissions plummeted to the lowest 

levels in 25 years.

Energy demand
• Corporations upped pledges to reduce energy consumption and to 

source 100 percent of their electricity from renewables.
• Greater energy efficiency efforts have coincided with a lower-cost, 

more sustainable energy economy.
• The country’s first liquefied natural gas export terminal promises to 

bring new sources of demand, alongside growing exports to Mexico.
• Low-priced oil continues to jeopardize recent gains in fuel economy, 

but sales of electric vehicles, while still small, jumped 38 percent from 
2015 levels.

• Key federal policies supportive of sustainable energy hit stumbling 
blocks in 2016, while state-level actions on energy and climate will 
create more demand for sustainable energy.

The 2017 Factbook can be downloaded from the BCSE website at 
www.bcse.org/sustainableenergyfactbook. 

Information provided by Bloomberg New Energy Finance (https://about.bnef.
com). 
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The value of the global environmental consultancy (EC) market 
reached $28.5 billion in 2015, up 2.1 percent compared with the 
previous year, according to the latest report by business intelligence 
provider Environment Analyst. The sector is still lagging global 
economic growth — which was 3.2 percent in 2015 — mainly 
reflecting the ongoing impact of the natural resources sector 
downturn and depressed oil prices — but still represents a significant 
improvement on the previous two years of declining market revenues. 
A similar level of increase is expected for 2016 at 2.2 percent (see 
Figure 1).

Growth has been bolstered by strong demand related to infrastructure 
development in Western Europe, and a return to growth of the largest 
regional revenue generator North America (which accounted for 
52.6 percent of the global sector in 2015), which saw respective 
EC revenue increases of 4.9 percent and 2.2 percent (see Figure 2). 
Growth in North America was boosted by renewables (especially 
wind and solar) support work in the U.S. as well as increased activity 
in certain government channels.

The fully updated and further extended version of the report, now in 
its sixth year, provides a comprehensive picture of the current state 
of the global EC sector and competitive landscape through detailed 
company profiles and financial statistics from the 24 players judged 
to be the most geographically diverse, globally ambitious, and largest 
companies active in this field (collectively referred to as the Global 
24). 

Together these firms are estimated to make up 44.8 percent of the 
worldwide EC market. The report categorizes them into three main 
business model types — large-scale integrated, multidiscipline, 
and specialist — according to their size and the prominence of 
EC activities within the overall business. Key to the international 
industry’s reviving fortunes in 2015 was the improving growth rates 
achieved by the larger fully integrated and multidisciplinary players 
in this space (with organic year-on-year EC growth rates of 3.9 
percent and 2.9 percent, respectively). The specialists — those with 
more than 50 percent of their business in environmental consulting 
— suffered the brunt of the declines, with the organic growth of this 
subgroup at -5 percent in 2015.

“Our conclusion is that the playing field has really leveled out 
now between the various types of operator, and the specialists no 
longer seem quite so resilient,” said Liz Trew, editor of Environment 
Analyst’s Global Market Intelligence Service and co-author of the 
report. “It remains to be seen whether firms that are still struggling 
can take the necessary steps to adapt, modify, and innovate their 
offerings to the new paradigm of depressed resource markets and 
much more cost-conscious clients.”

The top 10 players, in order of gross global EC revenues in 2015, 
were: 
1. AECOM, 
2. CH2M, 
3. Tetra Tech, 
4. Arcadis, 
5. Environmental Resources Management (ERM), 
6. Golder Associates, 
7. AMEC Foster Wheeler, 
8. RPS Group, 
9. Ramboll Environ, and 
10. WSP | Parsons Brinckerhoff.

The next 14 in order are: GHD; HDR; Sweco (incorporating Grontmij) 
and MWH Global (now part of Stantec) in joint 13th; Antea Group 
and Jacobs in joint 15th; Cardno and Mott MacDonald in joint 17th 
position; ICF International; WorleyParsons, Royal HaskoningDHV 
and SLR in joint 20th place; Atkins; and Coffey International (now 
owned by Tetra Tech).

Significant merger and acquisition (M&A) activity and consolidation 
involving the top end of the industry in the last five years is evident 
with the top 10’s combined global market share growing to 32.9 
percent in 2015, up from 23.8 percent in 2010. AECOM is revealed 
as the market leader for the second year running, having completed 
the $4 billion acquisition of fellow U.S. consulting and engineering 
giant URS in 2014. With group revenue close to $18 billion and 
staff of about 90,000 (around 10 percent of which make up its EC 
operations), AECOM is reaping the benefits of post-merger synergies 
and economies of scale, having extended its lead over second-placed 
CH2M and achieving a top-three positioning in three major regions: 
North America, Asia-Pacific, and East Europe/Former Soviet Union.  
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Global market returns to growth driven by larger 
integrated and multidiscipline firms.
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Figure 1: Global environmental consultancy revenue and revenue growth, 2011-2020e. 
Image: Environment Analyst
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Other recent M&A pairings have led to the appearance of both Sweco 
and Stantec in the Global 24 analysis for the first time thanks to their 
respective acquisitions of Grontmij and MWH Global. Also featuring 
for the first time in this report edition is U.S.-based HDR, which has 
itself taken part in significant M&A activity to grow the business and 
help realize its international aspirations.

The EC staff numbers employed by the Global 24 remained more or 
less static, at approximately 75,000 in 2015 (discounting the effect of 
staff added through major M&A). The average EC contract size, at 
$67,000, has also remained virtually unchanged during the last four 
years.

Based on the service area breakdown of the Global 24’s aggregated 
EC revenues, Environment Analyst finds contaminated land remains 
the largest single discipline in the global EC market in 2015, with 33 
percent of the total, ahead of the 23 percent share held by water and 
waste management services (see Figure 3). Environmental impact 
assessment (EIA) and sustainable development takes a further 17 
percent, while environmental management, compliance, and due 
diligence services represent 15 percent. Climate change and energy-
related services generate a further 8 percent of the total, and is the 
fastest growing of all the major disciplines. 

According to the study, the global EC market is forecast to reach 
$32.5 billion by 2019, up 13.8 percent on 2015 and representing a 
five-year compound annual growth rate of 2.6 percent. The forecast 
has been projected upwards since the previous edition of the report 
given the renewed strength of the European market and turnaround of 
the dominant North American region to positive growth — although 

still cautious given the significant uncertainties around the global 
economic and geopolitical landscape, and commodity price trends. 

Commenting on future outlook, Trew said, “The regional prospects 
have shifted back towards the advanced economies and more mature 
EC markets, while in terms of services the climate change and energy 
disciplines are expected to spearhead continued market recovery. This 
area alone is forecast to increase by almost 30 percent over the next 
five years, driven by strong underlying policy drivers and the global 
push for decarbonization. The rise of infrastructure development is 
also evident in our forecast model, with this area expected to expand 
by almost 20 percent by 2020.

“But given the current low-growth market projections, M&A activity 
by — and impacting — the Global 24 is likely to continue at a fair 
pace, and also given the pressures in the wider engineering and support 
services industry,” she said. “Although activity is expected to be more 
concentrated among small and mid-size players, some commentators 
have raised the possibility of one (or more) of the Global 24 being 
snapped up by an IT giant, reflecting the growing importance of 
digital technologies, software applications, and big data management 
and environmental analytics in shaping the services on offer. The 
willingness to forge inter-sector and cross-sector partnerships is also 
becoming increasingly significant in the environmental management 
of complex infrastructure and other major projects.”

Information provided by Environment Analyst Ltd. (www.environment-analyst.
com), a publishing and market research organization focusing on the environ-
mental consulting and support services sector.

Figure 2: Global environmental consultancy market share by region, 2015. 
Image: Environment Analyst

Figure 3: Global environmental consultancy market share by service area, 2015. 
Image: Environment Analyst

www.enviroment-analyst.com
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What is it going to cost and how long will it take? Those are the top 
two questions before undertaking any simple construction project. 
So, what if the answer to those two questions are “Billions of dollars” 
and “Years”? If you’re familiar with the current state of New York 
City infrastructure, you might guess I am discussing the ongoing 
Second Avenue Subway Project, the East Side Access Project, or the 
Hudson Tunnel Project. 

These are three separate expansions to a severely overtaxed existing 
rail/subway system, with new lines and connections to the north 
(Second Avenue), east (East Side Access), and west (Hudson Tunnel) 
of midtown Manhattan. Each is vitally important to the future 
of New York City’s commuter rail service, and Matrix is the lead 
environmental subconsultant for each of these massive, historic 
projects.

Design and construction of these multi-billion-dollar expansion 
projects requires a level of detailed coordination that is among the 
most complex in modern-day urban engineering.

The Second Avenue Project, first proposed in 1919, required 
extensive tunnel boring under one of the most densely populated and 
valuable real estate on the planet. It included major modifications 
to the existing 63rd Street and Lexington Avenue Station (without 
interruption to passenger service), as well as intricate demolition 
and surface excavation work. Phase I opened Jan. 1, 2017, with new 

entrances at 72nd, 86th, and 96th streets. Phase II is set to begin in the 
near future with an extension north to 125th Street.

This is New York City’s largest subway expansion in more than a 
half-century, requiring multiple low rise building demolitions and 
many more alterations and modifications to existing structures. 
Environmental investigation and hazardous material testing was key 
to these endeavors, beginning at the property acquisition stage and 
continuing through remediation and demolition/construction efforts.

The East Side Access Project is widely viewed as the country’s 
largest and most expensive transportation project, connecting the 
Long Island Rail Road (LIRR) to Grand Central Terminal. The 
project includes a new six-mile-long tunnel beneath the East River, 
significant alterations/modifications to the existing Sunnyside Yard 
in Queens, and construction of a new East Side Station being built 
below and incorporated into Grand Central Terminal.

The Hudson Tunnel Project, originally referred to as the Access to 
the Region’s Core (ARC) Project, has recently resumed under a new 
name. It features construction of a new rail tunnel beneath the Hudson 
River connecting the existing Northeast Corridor to a modified Penn 
Station in New York. In addition, rehabilitation, modernization, and 
repairs are required within the existing 105-year-old North River 
Tunnel, which was severely damaged by Superstorm Sandy flooding.

Based on the level of dilapidation within the existing North River 
Tunnel, system-wide repairs can’t happen until the new tunnel 
is completed, thereby avoiding any serious impact to current rail 
capacity. This will require significant coordination of maintenance 
and repair to the existing tubes during new tunnel construction. 

Serving on each of the projects’ design and construction teams as 
a lead environmental resource, Matrix is often tasked with the 
initial assessment, investigation, and testing; identifying potential 
environmental areas of concern through Preliminary Assessment 

Design and construction of New York City’s multi-billion-dollar transit expansion projects requires a level of detailed 
coordination that is among the most complex in modern-day urban engineering. Photo: Matrix New World Engineering

Urban design 
and construction challenges

Communication is critical for New York City’s 
multi-billion-dollar, complex transit projects.

By Gavin Gilmore
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(i.e., New Jersey sites); and Phase I Environmental Site Assessment 
(i.e., New York sites) studies.  

These efforts are conducted through multidisciplinary efforts 
to identify, characterize, quantify, and delineate targeted areas, 
structures, and/or subsurface elements; supplemented through more 
comprehensive Phase II Site Investigations, soil and groundwater 
analysis, and hazardous building/structure material investigations.  

The goal is direct: Provide each project’s design team with the 
environmental due diligence required to meet project-related goals, 
budgets, and schedules while maintaining the regulatory compliance 
and safety standards set for construction teams that include hundreds 
of dedicated people.

Each project’s workforce is diverse and enormous. Each includes 
owner representation; city, state, and federal agencies; engineers; 
architects; surveyors; site planners; construction managers; 
tradesmen; and third-party suppliers. Internal communication and 
overall coordination relies on the individual skills, organization, and 

focus of one another to accomplish each task, while speaking in a 
technically proficient voice to a wide array of team members.

Matrix personnel often work hundreds of feet below ground, as 
well as scouring (vacant or occupied) residential, industrial, or 
commercial structures — many older than 100 years — that have to 
be delicately demolished within an arm’s reach of local businesses 
and other residences.  

Those structures not scheduled for demolition often require precise 
and complex modifications to existing structural, architectural, 
mechanical, electrical, and plumbing systems. This balancing act 
has to be accomplished without disruption to regular service (rail, 
commercial, or private), occupancy, or use. 

Such detailed work requires tremendous and ongoing communication 
and coordination within the team, including modifications to the 
investigation approach and work plans to allow each discipline, 
client, and local neighbor to co-exist.
In addition, our work has to be done on a precise schedule, while 
ensuring the project scope complies with all applicable city, state, and 
federal guidelines. 

Much like the adage of “one weak link in the chain,” Matrix 
understands the importance of the environmental assessments 
conducted early in the preliminary design phase. Our conclusions and 
findings inherently have the potential to cause significant changes in 
scope, such as property acquisition, delays, and budget impacts.

This ever-evolving urban construction environment presents many 
challenges that can be unforgiving if the project needs to be modified 
because of incomplete or inaccurate early information. Our work is 
conducted in full recognition of this fact, with the goal of lowering 
the risk for future surprises.

Of course, no environmental assessment is complete without 
recognizing that previously unknown conditions may be uncovered 
during construction.  But that risk can be greatly minimized by 
exercising sound professional judgment and employing years of 
relevant experience.

Moving forward into the next phases of these three projects, we 
know the continued success will not be possible without strong 
communication and coordination with each team member, as well as 
ongoing dialogue with affected neighbors and/or impacted parties.

It is our sincere hope that the communication protocols we have 
established for these three urban transit projects — as well as other 
complex work that Matrix undertakes — can serve as a road map for 
other larger teams that embark on such major infrastructure projects.

GAVIN GILMORE is a senior project manager and Hazardous Material Group 
leader with Florham Park, N.J.-based Matrix New World Engineering, Land 
Surveying and Landscape Architecture, P.C. (www.matrixneworld.com), a 
full-service environmental, geotechnical, and civil engineering firm founded in 
1990.

Significant coordination of maintenance and repair to the existing tubes is required 
during new tunnel construction. Photo: Matrix New World Engineering
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Rising 685 feet into the sky, Boston’s Millennium Tower is the city’s 
third-tallest building and the tallest residential high-rise. It’s also one 
of the biggest professional challenges Eric Dionisio, lead engineer 
for subcontractor S&F Concrete, ever faced. 

“It’s taller and bigger than any cast-in-place building we ever worked 
on,” he said. “Just working from the basement level up to level six 
was one of our most demanding projects ever.” 

In fact, on April 26, 2014, the 6,000 cubic yards of concrete delivered 
for the foundation slab was the highest volume pour in Boston history 
for a private development.

Dionisio was responsible, among other things, for the building’s 
vertical alignment during construction. The sheer height of the 
building made that a daunting task, as it ruled out conventional 
methods for maintaining plumb, like transferring ground control (or 
control from nearby buildings) via total stations. And there was also 
significant time pressure. 

“We were the first crew on a newly poured floor,” he said. “No one 
else could get started until we set a new zero point on that floor, set 
control, and completed all layout.” 

Excavation-related delays set the construction schedule back eight 
weeks by the time the third floor was completed. “Fortunately, by 
floor six, we’d made all that up, and we stayed ahead of schedule 
from that point.” 

Dionisio attributed much of that gain to more efficient establishment 
of vertical alignment, and improved surveying and layout procedures.

New solutions for new challenges
For this project, S&F chose the GNSS-based vertical alignment 
system developed by Leica Geosystems for use on the Burj Khalifa 
(the world’s tallest building) and One World Trade Center (tallest in 
the Western Hemisphere). It depends on GNSS receivers placed on 
the exterior protective screen and used as “active” control points that 
move up as floors are completed. On the Millennium Tower, three 
Leica GR25 receivers were used — two on the north wall and one on 
the south wall.

A fourth Leica GR25, used as a base station, was placed permanently 
on the roof of a nearby 10-story building, renovated and owned 
by Millennium Partners. This receiver continually referenced the 
Massachusetts Continuously Operating Reference Station Real-Time 
Network (MaCORS), operated by the Massachusetts Department of 
Transportation. 

“My working receivers continually referenced our own permanent 
base station, which in turn was tied to MaCORS,” Dionisio said. 
“That provided plenty of redundancy and position checks, and really 
raised my confidence in the system.” 

The base station location was chosen mainly for convenience, and 
Dionisio was initially concerned about its suitability. “It was only at 
10 stories and was quite near the tower, so I wondered if performance 
would degrade as we started doing work several stories above the 

The surveying crew could move onto a new slab as soon as it could be walked on and set the 
zero point and critical layout lines before other trades moved in. 

PROJECT+TECHNOLOGY
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Keeping Boston’s 
Millennium Tower on target

Vertical alignment system provides accuracy and accelerates the 
construction schedule for Boston’s tallest residential high-rise.

By Angus W. Stocking, LS
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base station,” he said. “But by the time we reached 32 stories above 
the base station, we hadn’t observed any issues with accuracy.” 

S&F Concrete bought several more receivers for use on other projects, 
such as Boston’s Lovejoy Wharf, Emerson College, and The Point, 
and will have access to its own dedicated base station indefinitely.

The working receivers were mounted on brackets on the perimeter 
protection system — essentially a 40-foot screen and safety structure 
that surrounded the building under construction. It extended one floor 
up and two floors down and was moved up as floors were poured 
and finished. The receivers were equipped with 360-degree prisms, 
vertically aligned with receiver antennas, so that the continually 
updated positions of the receivers could be used by optical total 
stations and scanners for layout and as-builts. This arrangement was 
used to position forms after crane lifts and to ensure that all internal 
structure was placed properly relative to external walls.

S&F Concrete’s contract included all layout and alignment of the 
new structure, which was checked every fifth floor by a third-party 
surveyor hired by the general contractor, Suffolk Construction 
Company. This check was performed with a vertical collimator 
basically to look straight down through sleeved holes in floor slabs. 

“We were within three-eighths of an inch every time,” Dionisio said.

Without GNSS, Dionisio would have likely used optical total stations 
to transfer ground control, floor by floor. It’s a traditional method 
that has been in use for decades, but it has at least two weaknesses 
when applied to taller buildings. One is that as the building grows 
taller, the geometry of optical surveying becomes unfavorable. It’s 
more difficult to check backsights accurately because sight lines are 
impeded and instruments have to be pointed nearly straight down. 

And, thanks to trigonometry, the increasingly acute angles between 
the working floor and control points on the ground (or nearby 
buildings) inevitably expand error ellipses. 

For business purposes, a less obvious but more important factor 
is speed; sighting several backsights from multiple positions and 
performing and checking resection calculations is unavoidably 
tedious, especially since, as mentioned, every other subcontractor 
(including S&F) on the construction site is waiting for surveyors to 
finish control so they can perform their layout and install their work 
on the floor.

On some tall buildings, vertical alignment is maintained with 
sightings through slab penetrations, and early skyscrapers sometimes 
used elevator shafts to hang heavy plumb bobs on wire. This system 
achieves adequate accuracy and was used on Millennium Tower as a 
check, but its effect on modern tall-building workflows is unworkable. 

“If we were dependent for position on the sleeved holes we place for 
a vertical laser, we would have had to wait until the new slab was 
nearly cured before we could start work on a floor,” Dionisio said. 
“And frankly, that would never happen; crews want to get in there as 
quickly as possible, and it’s hard to hold them off. As surveyors, we 
don’t want to be the cause of delays.”

State-of-the-art workflow
“Before we decided on the Leica system, I thought we’d be using a 
vertical laser that sights through holes placed in new concrete floors,” 
Dionisio said. “But that method has a lot of negatives. For one thing, 
accuracy is only good up to 250 feet or so, and if you set the zero 
point during a period of sway, accuracy is degraded in a way that 
affects all subsequent construction.”

Leica GR25 GNSS receivers were placed on the exterior protective screen and used 
as “active” control points that move up as floors are completed.
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And placing holes in slabs is also a problem. They’re set during the 
pour, which meant that setting the new zero point on a new floor 
would require a slab that had cured to a point where it could be 
worked. Actually, at least two points would have had to be sleeved up 
per floor in order to perform resections. That could hold up work for 
hours and create headaches for surveyors. 

“As the trades move onto a floor, their stock gets placed wherever it’s 
needed, and things get crowded. Just keeping vertical sight lines open 
is a challenge,” Dionisio said. And, we would have been responsible 
for closing up holes. Instead, that was someone else’s problem.”

The surveying crew could move onto a new slab as soon as it could 
be walked on and set the zero point and critical layout lines before 
other trades moved in. Since they didn’t have to work around other 
crews and material stockpiles, the work went faster and was more 
accurate.

Coordinates were provided in real time. “I thought at first I’d be doing 
a lot of static work and post-processing with the GNSS receivers,” 
Dionisio said. “But we quickly learned that wasn’t necessary.” 

Dionisio set GeoMoS to compute an average position of the three 
building-mounted receivers every 15 minutes, and to average those 
readings every hour. “So to check for sway, I could compare the 
coordinates we were using to any past set,” he said. “Over time, I 
realized that sway was not an issue on this building and that we could 
always use the real time coordinates we had for resections. I observed 
very subtle movement, but nothing that affected our work or overall 
building tolerances.”

Leica Geosystems’ vertical alignment systems are adapted to the 
particulars of each construction site, and an innovation was introduced 
on this project that greatly simplified the work. “Transforming the 
GNSS geolocated coordinates to the local coordinate system has 
traditionally been a little complex,” said Craig Hewes, LS, Leica 
Geosystems’ supertall construction expert. “In past setups, the GNSS 
feed went into our Spider software suite for translation, and then to 
GeoMoS. On this project, we used smarter receivers that performed 
that translation themselves, and the translated coordinates were then 
passed directly to GeoMoS. That held down costs, simplified training, 
and sped up the workflow.”

One reason this approach worked on the Millennium Tower was 
cellular communication. Verizon cards were installed in the working 
receivers so the receivers could talk with each other and with the base 
station. Options used on other projects include WiFi and radio, but 
“WiFi didn’t work here because the density of the reinforcing steel 
and concrete in this building killed connections,” Dionisio said. 

On some towers, cellular connections don’t work either. “We realized 
on the 80th floor of One World Trade Center that there is an upper 
limit to cellular connections,” Hewes said. “Cell tower systems are 
oriented downward, toward people, and signals are weak over a 
certain height.” Millennium Tower, at 650 vertical feet, is under that 
limit.

Instant as-builts with laser scanning 
As the key players in modern supertall construction, concrete 
subcontractors would really like to have as-builts of each new floor 
soon after it’s poured to ensure that design specifications have been 
met and to compare against later deformations. But that has usually 
been impossible; for all the reasons discussed above, new floors are 
just too crowded and busy. 

On the Millennium Tower site, S&F used a Leica Geosystems’ Nova 
MS50 MultiStation — which combines laser scanning and robotic 
total station capacity into one instrument — to perform scanned as-
builts of new floors immediately after control was set and before 
other workers moved in. High-density scans were performed in less 
than an hour. 

“There’s always some deflection in concrete floors,” Dionisio said. 
“That’s a known factor, and it’s accounted for in the building design. 
But when the deflections exceed design limits, which they always 
seem to do, that can cause problems for other contractors.”

Dionisio always suspected that out-of-tolerance deformations were 
caused by factors other than formwork placement but never had 
a good way to prove it. Pressures on new slab pours are intense; 
shoring supports are densely placed to support new floors and kept 
in place so that the top five floors are always a forest of posts. When 
posts are pulled, there is usually some settling. So after supports are 
pulled, S&F crews scan the floor again, and the ceiling, and this new 
as-built can be compared with the position of the slab immediately 
after pouring. This has added real data to conversations about slab 
movement. 

For his part, Dionisio was pleased with the performance of the 
vertical alignment system. “Because it was a new process for me, I 
didn’t really know what to expect when we started work on the tower. 
I certainly expected more building movement than we observed, 
and I thought that using GNSS would require static work and post-
processing, especially as we got to higher floors, but that wasn’t the 
case.” 

In fact, Dionisio said that 12 to 14 satellites were in view at all times 
of day, that vertical alignment was always within a few hundredths 
of a foot, and that good quality coordinates were always readily 
available. 

And the workflow improvements on this project alone justified the 
investment in new equipment, to the point that S&F Concrete bought 
another three Leica GR25 receivers for use on other projects while 
construction of the tower was still under way.

ANGUS W. STOCKING, L.S., has been writing about infrastructure since 2002. For 
more information about S&F Concrete, visit www.s-f-concrete.com. To learn 
more about vertical alignment systems, visit www.leica-geosystems.com.  
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The AECOM-Arup joint venture is celebrating completion of the 
first phase of the Second Avenue Subway for the Metropolitan 
Transportation Authority (MTA). The first major expansion of New 
York City’s subway system in nearly a century, the 1.8-mile stretch 
of track runs between 63rd and 96th streets and consists of three new 
stations, plus one upgraded station. The AECOM-Arup joint venture 
provided full engineering and architectural services for Phase 1 of 
the $4.5 billion landmark project, which broke ground in April 2007.

“The on-time completion of the first phase of the Second Avenue 
Subway is a major achievement. The engineering and design ingenuity 
represents our best-in-class approach to large-scale transit projects,” 
said Julie D’Orazio, senior vice president, NY Metro Transit/Rail 
Manager at AECOM. “We thank the Metropolitan Transportation 
Authority and the governor’s office for their guidance and support; 
because of it, the project met the completion deadline set in 2009. We 
are excited for New York City residents to experience this iconic new 
subway line.”

“The opening of the Second Avenue Subway will immediately 
improve the quality of life for thousands of New Yorkers,” said Craig 
Covil, Arup principal. “Designing and delivering such a complex 
project required the complete collaboration and unwavering effort of 
a robust team of engineers and contractors, and would not have been 
possible without the strong leadership and vision of the MTA and the 
governor’s office.”

The Second Avenue Subway is part of Governor Andrew Cuomo’s 

proposed program for improving transportation infrastructure 
throughout the state, to ensure those those who live, work, and travel 
in New York have a safe, efficient, balanced, and environmentally 
sound transportation system.

Serving approximately 200,000 daily riders, the first phase of the 
Second Avenue Subway will improve travel for both city and suburban 
commuters on Manhattan’s east side. On an average weekday, it will 
relieve overcrowded conditions on the nearby Lexington line by as 
much as 13 percent (23,500 riders). The project, initially imagined in 
1929 and derailed by the Great Depression, will eventually run 8.5 
miles along the east side of Manhattan.

“The Second Avenue Subway is a transformative project that takes 
a leap forward in engineering and design innovation of a transit 
system.” said Liam Dalton, P.E., project manager at AECOM. “We 
are very proud to have been a part of the project. Its success is a 
testament to the hard work, dedication, and close collaboration with 
the contractors.”

Multiple roles, critical responsibilities
An intricate balance of infrastructure, buildings, and transit, the 
Second Avenue Subway project called for a comprehensive approach 
that recognized the social, economic, and environmental issues facing 
the city of New York. Capitalizing on its multidisciplinary capabilities 
and global expertise, the AECOM-Arup joint venture responded 
to this situation with services that extend beyond conventional 
engineering, including tunneling, geotechnical, acoustics, tunnel 
ventilation, pedestrian modeling, and station design.

Tunneling — AECOM-Arup took a total design approach to 
the tunnel construction, one that encompassed life safety issues, 
ventilation systems, material science, and other factors to create a 
cost-effective and sustainable design. A tunnel-boring machine was 

Adding to the complexity of the urban tunneling job, the mined caverns 
all have escalator and elevator connections to street level. 
Photo: © Charles Aydlett, courtesy AECOM-Arup JV

Acoustic designs include joint-free train tracks with ties that are encased in concrete-
covered rubber and ceilings lined with perforated metal panels that are backed with sound-

absorbing fiberglass, instead of the echo-prone tile and stone used in other parts of the 
transit system. Photo: © Charles Aydlett, courtesy AECOM-Arup JV

AECOM-Arup joint venture engineers 
New York City’s newest subway line.

From tunnel to track
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New stations on the line are some of the largest underground excavations in North America, 
ranging from 57 feet to 64 feet in width and as long as 1,591 feet. 
Photo: © Charles Aydlett, courtesy AECOM-Arup JV

Reuse of existing subway stations and tunnels at 63rd street required 
significant updates to be in compliance with modern codes and standards. 

Photo: © Charles Aydlett, courtesy AECOM-Arup JV

employed to excavate the 12,800 feet of twin-track, 22 foot, 1 inch-
diameter tunnels in the first phase of the Second Avenue Subway. 
The one expanded and three new stations on the line are some of 
the largest underground excavations in North America, ranging from 
57 feet to 64 feet in width and as long as 1,591 feet. Adding to the 
complexity of the job, these mined caverns all have escalator and 
elevator connections to street level — features much appreciated by 
riders who have long endured stairway-only access. 

Geotechnical — The Second Avenue Subway is sited below and 
amid some of the most congested urban infrastructure in the world. 
Navigating the maze of telecommunications, electrical, gas, steam, 
water, and sewage lines that lie below the asphalt required intensive 
study and farsighted solutions. AECOM-Arup’s geotechnical 
experts applied their interconnected skills in foundation and landfill 
engineering, hydrology, engineering geology, and other specialized 
services to reduce design and construction risks.

Acoustics — Working with recordings taken at existing subway 
stations, as part of the joint-venture efforts Arup’s acousticians 
used the firm’s SoundLab technology to create digital models of the 
environment and determine the best way to quiet the bone-rattling 
noise typically found in the subway. The solutions include joint-free 
train tracks with ties that are encased in concrete-covered rubber, 
ceilings lined with perforated metal panels that are backed with 
sound-absorbing fiberglass (instead of the echo-prone tile and stone 
used in other parts of the transit system), and new, carefully oriented 
public-address speakers as part of a complete audio system that is 
optimized for intelligibility.

Tunnel ventilation — The design for the Second Avenue Subway 
included three new stations — 96th, 86th, and 72nd street — and 
reuse of existing subway stations and tunnels at 63rd street, which 
required significant updates to be in compliance with modern 

codes and standards. This, combined with the limited space for the 
mechanical and electrical systems, necessitated careful planning and 
creative engineering solutions to bring the existing systems up to 
code while remaining cost effective. In some instances, mechanical 
ventilation was employed while other areas necessitated air 
conditioning treatments.

Pedestrian modeling — In the absence of a robust set of design 
guidelines for a new, modern subway line, the AECOM-Arup team 
worked with New York City Transit (NYCT) Operations Planning 
to set out design parameters and performance metrics. Using a 
newly developed model to simulate 3,000 uptown and downtown 
train arrival combinations, the team generated dynamic pedestrian 
model simulations for all stations for the morning rush hour. 
These simulations were used as a design tool to inform the optimal 
circulation paths for moving passengers between trains and the street 
level, even taking into account the complex movement associated 
with transfer passengers at 63rd street, and the challenges at 86th and 
72nd streets where abnormally deep stations necessitate increased 
use of elevator access.

Stations — The AECOM-Arup joint venture led the multidisciplinary 
design of the four new underground stations. Working from a new set 
of NYCT station guidelines developed specifically for the Second 
Avenue Subway project, the design includes architectural detailing, 
ADA Compliance, high ceilings, column-free design, dramatic 
lighting, top-level acoustics, added safety and security, and world-
class artwork. All this combines to make these new stations a historic 
addition to the New York City subway system and the Upper East 
Side community.

Information provided by AECOM (www.aecom.com) and Arup (www.arup.com).   

www.arup.com


50          csengineermag.com          march 2017

PROJECT+TECHNOLOGY

Transportation

Big ships are on their way to Port Houston. With more than 200 mil-
lion tons of cargo moving through the greater Port Houston each year, 
it consistently ranks first in foreign waterborne tonnage, imports, and 
in export tonnage for the United States. However, for Port Houston to 
maintain its position, it has to modernize to meet the demands of ships 
coming through an expanded Panama Canal as well as next-generation 
vessels. 

“Staying ahead of the demands of international commerce requires 
more berthing space, larger gantry cranes, and additional container 
storage capacity,” said Port Houston Chief Port Operations Officer 
Jeff Davis. “We have undertaken a $1 billion multi-year modernization 
program to ensure Port Houston has top infrastructure in place.”

As part of the ongoing modernization and expansion program, Port 
Houston has once again called on McCarthy Building Companies, 
Inc. to construct critical projects at its two major container terminals. 
McCarthy is under a tight timeline to complete a total of three proj-
ects worth $121.6 million, including a 1,000-linear-foot wharf reha-
bilitation and a 43-acre container yard expansion at the Barbours Cut 
Terminal, as well as a 670-linear-foot wharf extension at the Bayport 
Terminal. 

At the Barbours Cut Terminal, McCarthy is charged with a complete 
structural upgrade and rehabilitation of Wharf 2 to accommodate larger 

gantry cranes to service post-Panamax vessels. The 40-year-old wharf 
structure requires new foundations, a crane beam, and larger gauge 
rails to widen its gantry crane footings from 50 feet to 100 feet to sup-
port the new ZPMC gantry cranes.  

McCarthy has been a construction partner of Port Houston since 1991, 
so the firm is in familiar territory. However, Fitz O’Donnell, McCar-
thy’s project director, said every project is a new one with its own chal-
lenges.

“Barbours Cut is a very busy facility, and it is as if we are operating on 
an island within the port,” he said. “Every boundary around our proj-
ects separates our work from the day-to-day container handling and we 
typically only have one point of entry and exit. We put a lot of effort 
into the coordination of deliveries and getting equipment, materials, 
and workers through security and onto the jobsite.” 

Before demolition could begin, the first order of business was to relo-
cate the existing cranes. McCarthy installed temporary tie downs and 
stowage pins so that they could be stored on an adjacent wharf; these 
cranes will be dismantled once new cranes arrive. McCarthy could 
then move on to demolishing a 1,000-foot stretch of the wharf, which 
involved wire sawing, deep slab sawing, and core drilling. Since the 
port does not allow for any rubble to enter into the ship channel, Mc-
Carthy utilized a demolition system it developed for the previous Phase 
1 rehabilitation project completed in 2013 — a custom-fabricated steel 
frame structure that the team refers to as the “Spider.”
  
“This unique piece of rigging equipment has allowed us to efficiently 
remove the existing concrete deck structure in very large pieces, some 
that weigh in excess of 100,000 pounds,” O’Donnell said.

McCarthy is installing new drilled shaft foundations and structural con-
crete to support the larger gantry cranes, which will operate on crane 
rails spaced at a 100-foot gauge versus the existing 50-foot gauge. The 
crew will also construct a new stevedore support building, high mast 

Improving ports of call 
for big ships

Also at the Barbours Cut Terminal, McCarthy is undertaking a container yard expansion 
and modernization to increase container cargo storage capacity that will be required when 

larger vessels begin arriving.

At the Barbours Cut Terminal, McCarthy is charged with a complete structural upgrade and 
rehabilitation of Wharf 2 to accommodate larger gantry cranes to service post-Panamax 
vessels.

Wharf rehab and extensions and container yard expansions 
will meet demands of next-generation vessels.
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poles, and the electrical infrastructure required for three new 100-foot-
gauge electric dock cranes.

McCarthy began construction in January 2016 and expects to complete 
the project in April 2017, just in time to meet the expected delivery 
timeline of new ZPMC cranes from China.   

Also at the Barbours Cut Terminal, McCarthy is undertaking a contain-
er yard expansion and modernization to increase container cargo stor-
age capacity that will be required when larger vessels begin arriving.

The project consists of reconstructing 43 acres of container yard space 
— 13 acres in Container Yard One and 30 acres in an area referred to 
as the East End. The project is being constructed in phases with the 
East End required to be completed and turned over before any work on 
Container Yard One can begin.

McCarthy started the project in July 2016 by demolishing a 
100,000-square-foot metal building located inside the current 30-acre 
East End yard that served as a storage area for miscellaneous cargo. 
The company is also demolishing existing concrete pavement in the 
area and replacing it with heavy-duty, 18-inch concrete pavement for 
container storage. The majority of the paving consists of roller-com-
pacted concrete, along with a substantial amount of joint reinforced 
concrete paving that McCarthy is self-performing.  

McCarthy is also self-performing all of the site grading, soil stabiliza-
tion, aggregate base, and trench drain scopes of work. This project also 
includes new underground electrical service, water lines, drainage, and 
high mast lighting. The 13-acre Container Yard One is currently used 
for container storage and will undergo the same demolition and re-
placement before it is returned to service. 

The modernization program is expected to increase capacity from 1.2 
million to 2 million twenty-foot equivalent units (TEUs) when com-
pleted in August 2018.

The Bayport Container Terminal is considered the most modern and 
environmentally sensitive container terminal on the U.S. Gulf coast. 
At Bayport, McCarthy is extending current wharf frontage by 670 lin-
ear feet to add another ship berth. Known as Wharf 2, this berth is an 
extension to the 1,300-linear-foot Wharf 1 completed by McCarthy in 
2010. 

McCarthy’s project scope includes drilled shaft foundations, anchored 
concrete retaining wall, lightweight concrete backfill subgrade, struc-
tural concrete, an elastomeric fender system, new utilities, electrical 
service, concrete pavement, crane rail system, electrical power trench, 
and cable horns. McCarthy is employing new construction techniques 
for the wharf expansion. The company is using a lightweight fill mate-
rial in lieu of standard earthen fill to mitigate any future settlement in 
the underlying soil layers.

“Much like Barbours Cut, the Bayport Terminal is an active container 
facility and we have to operate in a very tight work area. To combat the 
logistical challenge and staging area constraints, we are constructing 
part of the new dock from floating equipment and part from land. It 
takes a unique skill set to operate a barge-mounted crane,” O’Donnell 
said. “Since we are working over water, all of the materials we use 
must be transferred from land at the port to water. This means that es-
sentially everything that is delivered to the jobsite has to be handled 
twice before it is installed.”

McCarthy’s coordination and timeline issues are further compounded 
by the master Army Corp of Engineers permit that the Bayport facil-
ity is under. To ensure that they comply with nitrogen oxide emission 
controls, McCarthy submitted a plan for each piece of equipment, in-
cluding engine sizes and projected hourly utilization. The computer 
program that generates the daily allowable amount of nitrogen oxide 
emissions for the equipment also recognizes an increased impact of 
equipment on water. To manage this, McCarthy only puts equipment 
on water when absolutely necessary.

Cranes for the new ship terminal at Bayport are expected to arrive in 
the first quarter of 2018, but McCarthy expects to wrap up work in late 
December 2017. 

When fully developed, this state-of-the-art terminal will have a total 
of seven container berths with the capacity to handle 2.3 million TEUs 
on a complex that includes 376 acres of container yard and a 123-
acre intermodal facility. The terminal’s environmental benefits include 
preservation of 956 acres of diverse coastal habitat, 200 acres of new 
marsh, 173 acres of wetlands created or enhanced, and preservation of 
a 128-acre buffer zone.

“Working with McCarthy Building Companies and others, we’ve be-
gun $1 billion in retrofit at the Barbours Cut Container Terminal and 
continued expansion at the Bayport Container Terminal,” Davis said. 
“This work is important for Port Houston and beneficial to the region, 
state, and nation.”

McCarthy is employing new construction techniques for the Bayport Terminal wharf 
expansion, using a lightweight fill material in lieu of standard earthen fill to mitigate future 
settlement in the underlying soil layers.

Information provided by McCarthy Building Companies (www.mccarthy.com).  

www.mccarthy.com
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At century's end, the number of summertime storms that produce ex-
treme downpours could increase by more than 400 percent across parts 
of the United States — including sections of the Gulf Coast, Atlantic 
Coast, and the Southwest — according to a new study by scientists 
at the National Center for Atmospheric Research (NCAR). The study, 
published in the journal Nature Climate Change, also finds that the 
intensity of individual extreme rainfall events could increase by as 
much as 70 percent in some areas. That would mean that a storm that 
drops about 2 inches of rainfall today would be likely to drop nearly 
3.5 inches in the future.

“These are huge increases,” said NCAR scientist Andreas Prein, lead 
author of the study. “Imagine the most intense thunderstorm you typi-
cally experience in a single season. Our study finds that, in the fu-
ture, parts of the U.S. could expect to experience five of those storms 
in a season, each with an intensity as strong or stronger than current 
storms.”

The study was funded by the National Science Foundation (NSF), 
NCAR’s sponsor, and the Research Partnership to Secure Energy for 
America.

“Extreme precipitation events affect our infrastructure through flood-
ing, landslides, and debris flows,” said Anjuli Bamzai, program direc-
tor in NSF’s Directorate for Geosciences, which funded the research.  
“We need to better understand how these extreme events are changing. 

By supporting this research, NSF is working to foster a safer environ-
ment for all of us.”

A year of supercomputing time
An increase in extreme precipitation is one of the expected impacts of 
climate change because scientists know that as the atmosphere warms, 
it can hold more water, and a wetter atmosphere can produce heavier 
rain. In fact, an increase in precipitation intensity has already been 
measured across all regions of the U.S. However, climate models are 
generally not able to simulate these downpours because of their coarse 
resolution, which has made it difficult for researchers to assess future 
changes in storm frequency and intensity.

For the new study, the research team used a new dataset that was cre-
ated when NCAR scientists and study co-authors Roy Rasmussen, 
Changhai Liu, and Kyoko Ikeda ran the NCAR-based Weather Re-
search and Forecasting (WRF) model at a resolution of 4 kilometers, 
fine enough to simulate individual storms. The simulations, which re-
quired a year to run, were performed on the Yellowstone system at the 
NCAR-Wyoming Supercomputing Center.

Prein and his co-authors used the new dataset to investigate changes 
in downpours over North America in detail. The researchers looked 
at how storms that occurred between 2000 and 2013 might change if 
they occurred instead in a climate that was 5°C (9°F) warmer — the 
temperature increase expected by the end of the century if greenhouse 
gas emissions continue unabated.

Prein cautioned that this approach is a simplified way of comparing 
present and future climate. It doesn't reflect possible changes to storm 
tracks or weather systems associated with climate change. The advan-
tage, however, is that scientists can more easily isolate the impact of 
additional heat and associated moisture on future storm formation.

“The ability to simulate realistic downpours is a quantum leap in cli-
mate modeling. This enables us to investigate changes in hourly rain-

Storm frequency 
and intensity warnings

Supercomputer simulations indicate extreme downpours could 
increase fivefold across parts of the U.S.
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Water

Extreme precipitation events affect stormwater infrastructure through flooding, landslides, 
and debris flows. Photo: © University Corporation for Atmospheric Research (UCAR)

Figure 1: Expected increase in the number of summertime storms that produce extreme 
precipitation at century’s end compared with the period 2000-2013. 

Image: ©UCAR; courtesy Andreas Prein, NCAR
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Brown and Caldwell and the Water Research Foundation (WRF; www.
waterrf.org) developed Blueprint for One Water, a practical guide for 
agencies seeking to manage water resources holistically and sustain-
ably. One Water is an integrated planning and implementation ap-
proach to managing finite water resources for long-term resilience and 
reliability, meeting both community and ecosystem needs, the organi-
zations said (see Figure 1).

“The One Water approach is gaining prominence for its ability to 
move communities toward reliable and resilient water systems, but 
many utilities have expressed the need for tactical steps or guidance 
to develop a One Water framework,” said Rob Renner, CEO of WRF. 
“Our goal with this blueprint is to give agencies the tools they need to 
get started, which we hope will lead to more widespread adoption and 
implementation.”

The blueprint features lessons learned from early One Water adopters, 
plus spotlights on how visionary leaders are successfully applying the 

concept, along with recommendations for integrating a multi-stake-
holder process. The blueprint includes:
• critical steps and important actions toward the development of a One 

Water framework;
• methods for overcoming potential barriers and obstacles;
• key outcomes and milestones for each critical step; and
• more than a dozen case studies of One Water early adopters.

Brown and Caldwell developed the blueprint, which was sponsored by 
WRF project #4660, with input from more than 800 water profession-
als who participated in an international survey, more than 10 one-on-
one interviews, and a two-day international workshop with 35 water 
professionals. 

According to the blueprint, the top six reasons to apply a One Water 
approach are (in order of importance):
• greater resilience and reliability;
• opportunities to optimize regional infrastructure;
• sustainable community development;
• new regulatory flexibility or opportunity;
• economic growth opportunity; and
• increased coordination among agencies/departments

“With increasing uncertainties and challenges influencing the quantity 
and quality of this critical resource, utilities must commit to new ways 

fall extremes that are related to flash flooding for the very first time,” 
Prein said. “To do this took a tremendous amount of computational 
resources.”

Impact varies across the U.S.
The study found that the number of summertime storms producing ex-
treme precipitation is expected to increase across the entire country, 
though the amount varies by region. The Midwest, for example, sees 
an increase of zero to about 100 percent across swaths of Nebraska, the 
Dakotas, Minnesota, and Iowa. But the Gulf Coast, Alabama, Louisi-
ana, Texas, New Mexico, Arizona, and Mexico all see increases rang-
ing from 200 percent to more than 400 percent.

The study also found that the intensity of extreme rainfall events in 
the summer could increase across nearly the entire country, with some 
regions, including the Northeast and parts of the Southwest, seeing 
particularly large increases, in some cases of more than 70 percent.

A surprising result of the study is that extreme downpours will also 
increase in areas that are getting drier on average, especially in the 
Midwest. This is because moderate rainfall events that are the major 
source of moisture in this region during the summertime are expected 
to decrease significantly while extreme events increase in frequency 
and intensity. This shift from moderate to intense rainfall increases the 
potential for flash floods and mudslides, and can have negative impacts 
on agriculture.

The study also investigated how the environmental conditions that 
produce the most severe downpours might change in the future. In to-
day's climate, the storms with the highest hourly rainfall intensities 
form when the daily average temperature is somewhere between 20°C 
and 25°C (68°F to 77°F) and with high atmospheric moisture. When 
the temperature gets too hot, rainstorms become weaker or don’t occur 
at all because the increase in atmospheric moisture cannot keep pace 
with the increase in temperature. This relative drying of the air robs the 
atmosphere of one of the essential ingredients needed to form a storm.

In the new study, the NCAR scientists found that storms may continue 
to intensify up to temperatures of 30°C because of a more humid atmo-
sphere. The result would be much more intense storms.

“Understanding how climate change may affect the environments that 
produce the most intense storms is essential because of the significant 
impacts that these kinds of storms have on society,” Prein said.

Information provided by the University Corporation for Atmospheric Research 
(https://www2.ucar.edu).   

Blueprint for One Water
Brown and Caldwell, Water Research Foundation guide lays out a 

framework for managing finite water resources.

www.waterrf.org
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In January, San Antonio Water System (SAWS) introduced a new 
drinking water source to the Texas city — desalination — which it 
deemed a drought-resistant source and a huge leap forward in water 
independence. The SAWS project pumps brackish water from about 
1,500 feet deep in the Wilcox Aquifer under south Bexar County as 
the source for this purified drinking water. Reverse osmosis removes 
97 percent of the salts and minerals in the water, producing 12 million 
gallons per day, enough water to supply 53,000 households.

Information provided by Brown and 
Caldwell (www.brownandcaldwell.com).  

SAWS’ desalination plant, located at the H2Oaks Center in southern Bexar County, includes 
12 production wells, two injection wells, and a water testing laboratory and treatment 
processing area. Photo: San Antonio Water System

Figure 1: H2Oaks Center produces three sources of water: It desalinates water, pumps and 
treats Carrizo Aquifer water, and stores Edwards Aquifer water in the Aquifer Storage and 

Recovery site on the property. Image: San Antonio Water System

Defense against drought
San Antonio Water System taps deep brackish aquifer to feed 

desalination plant.

Figure 1: One Water approach to managing finite water resources for long-term resilience and reliability. Image: © Brown and Caldwell

of thinking to maintain reliable and 
resilient water systems,” said Wendy 
Broley, Brown and Caldwell water 
reuse leader and a co-principal in-
vestigator on the blueprint. “Many 
utilities implement One Water proj-
ects by starting small and building 
on successes, having discovered that 
as they innovate, others follow their 
lead. The Blueprint for One Water 
guidance document is a valuable 
starting point for this work to begin.”

Download the Blueprint for One Wa-
ter report at www.waterrf.org/Pages/
Projects.aspx?PID=4660. 

www.waterrf.org/Pages/Projects.aspx?PID=4660
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According to SAWS, every 10 gallons of brackish water is converted to 
9 gallons of drinking water. Injection wells more than a mile deep are 
used to dispose of the concentrate/brine.

“Desalination is another tool in our water portfolio that we are using to 
serve a growing San Antonio,” said SAWS CEO and President Robert 
R. Puente. “There is an ocean of brackish water under our feet unaf-
fected by drought.”

The desalination plant, located at the H2Oaks Center in southern Bexar 
County, includes 12 production wells and two injection wells, in addi-
tion to a water testing laboratory and treatment processing area. The 
center also functions as an educational facility, featuring a tour layout 
for educational opportunities and an onsite research facility available 
for universities. The plant was also designed to allow for easy expan-
sion in the future.

H2Oaks Center is the only location in the country where three sources 
of water are produced. It desalinates water, pumps and treats Carrizo 
Aquifer water, and stores Edwards Aquifer water in the Aquifer Stor-
age and Recovery (ASR) site on the property (see Figure 1)

“This is another step in the right direction toward adding new supplies 
for San Antonio’s future,” said SAWS Board Chairman Berto Guerra, 
Jr. “We have the benefit of the 12 million gallons per day, and can ac-
cess additional phases of desalination as we need them.”

SAWS, which provides water and wastewater services to more than 
1.6 million consumers in the San Antonio region, operates the largest 
direct recycled system in the country, the largest groundwater-based 
ASR facility in the nation, and was the first in the U.S. in converting 
methane gas to energy. 

Information provided by the San Antonio Water System (www.saws.org).   

SAWS’ desalination plant uses reverse osmosis to remove 97 percent of salts and minerals 
from brackish groundwater, producing 12 million gallons per day of drinking water. 

Photo: San Antonio Water System
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It is desirable to invest in resilient and sustainable infrastructure, 
particularly as we are confronted by the ongoing challenge of adapting 
to climate change. However, beyond responding to such a challenge, 
sustainable infrastructure projects contribute to our wellbeing in other 
ways: boosting growth and promoting healthy, vibrant economies; 
fostering a more socially inclusive future; strengthening security; 
improving environmental outcomes; and nurturing our overall quality 
of life.

In both the United States and Canada, infrastructure is front and center 
on federal government agendas. President Trump made infrastructure 
spending a central tenet of his campaign(1), and already within his first 
100 days in office, a $1 trillion infrastructure plan is being proposed 
that is expected to garner support from across the political spectrum.(2) 

In Canada, Prime Minister Trudeau’s federal government unveiled 
“A Transformational Infrastructure Plan” that includes $25.3 billion 
in public transit spending, $21.9 billion in sustainable infrastructure 
such as low-carbon/renewable power projects, and another $21.9 
billion in social infrastructure such as affordable housing over the 
next 11 years.(3)  

The mission of the Institute for Sustainable Infrastructure (ISI; https://
sustainableinfrastructure.org), is to develop and deliver Envision — 
a holistic framework used to evaluate the sustainable performance 
of all types and sizes of infrastructure projects. Since 2012, 26 
infrastructure projects representing more than $13 billion of public 
assets have received Envision awards, with 14 achieving Envision 
verification in 2016 alone. 2016 was a banner year in terms of the 
number of projects that used the Envision framework as a planning 
and design tool to improve sustainable outcomes, and the outlook for 
2017 is even more promising. ISI expects to see at least a 30 percent 
growth in the number of Envision-registered and verified projects 
during the course of this year.

At the state/provincial and municipal levels of government, many 
departments and agencies are committing to sustainable infrastructure 
in various ways. For example, New York City’s Department of Design 
and Construction and the City of Los Angeles Bureau of Engineering 
have invested in training employees (98 and 64, respectively) in the 

use of the Envision system. They recognize that training in the use 
of Envision helps practitioners plan, design, construct, and operate 
more resilient and sustainable infrastructure.(4)

Others, such as Kansas City, Mo.; the Florida Department of 
Transportation; the City of Surrey in British Columbia; and Metrolinx, 
a transit agency in Ontario, are either assessing the sustainability of 
their projects using Envision’s self-assessment tools, committing to 
piloting Envision on one or more projects, or submitting one or more 
projects to ISI’s verification program for third-party confirmation of 
sustainable outcomes. 

Envision is also being included as a requirement in infrastructure 
Requests for Proposals (RFPs), as seen in RFPs issued by the 
Massachusetts Water Resources Authority, the Port of Long Beach 
in California, King County Wastewater Treatment Division in 
Washington State, and the City of Revelstoke in British Columbia. 
As well, some municipalities such as the City of Los Angeles City 
Council are formally adopting the use of Envision to help them plan, 
design, and assess infrastructure projects.  

2016 Envision awards
Following is a closer look at five of the infrastructure projects that 
completed ISI’s third-party verification process and received Envision 
awards for their achievements in sustainable performance in 2016.

The Tarrant Regional Water District’s Integrated Pipeline Project 
(http://sustainableinfrastructure.org/envision/project-awards/
integrated-pipeline-project), a 150-mile-long water transmission 
system, is expected to generate millions of dollars in construction 
jobs per year during the construction phase. Once constructed, 
the pipeline will provide a sustainable water supply to meet the 
increasing water demands in Tarrant County, Texas; Dallas; and other 
surrounding communities. 

When fully operational, the Envision-verified Holland Energy 
Park (http://sustainableinfrastructure.org/envision/project-awards/
holland-energy-park) — a base load power plant in the City of Holland, 
Mich. — will provide a reliable power source for the community 

Sustainable design

Rendering of the Envision Platinum-verified Holland Energy Park in Holland, Mich.

2016 a banner year for 
sustainable infrastructure; 

2017 outlook even better
By Melissa Peneycad, ENV SP

https://sustainableinfrastructure.org
http://sustainableinfrastructure.org/envision/project-awards/integrated-pipeline-project
http://sustainableinfrastructure.org/envision/project-awards/holland-energy-park
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that is socially, economically, and environmentally sustainable. 
The energy park will contribute to a 50 percent reduction in carbon 
emissions and a near elimination of solid particulate pollutants, 
double the fuel efficiency of Holland’s present power generation, and 
create open public space connecting the Windmill Island Gardens to 
a several-mile-long trail network.

The Kansas City Streetcar (http://sustainableinfrastructure.org/
envision/project-awards/kansas-city-streetcar) was developed 
to support the city’s downtown revitalization plan and address 
four important goals directly connected to the needs of the local 
community, including enhancing linkages in downtown Kansas 
City and improving local circulation, supporting local and regional 
development goals, strengthening downtown districts and urban 
centers, and creating a sustainable environment. 

The Ohio River Bridges-East End Crossing (https://
sustainableinfrastructure.org/envision/project-awards/ohio-river-
bridges-east-end-crossing) resulted from a long-planned collaboration 
between the State of Indiana and the Commonwealth of Kentucky. It is 
designed to address cross-river mobility challenges in the Louisville 
Metropolitan Area, improve safety and reduce traffic congestion, 
stimulate the local economy, and integrate with existing highways. It 
has also been designed to be resilient to significant potential climate 
change risks such as heat wave intensity and flooding, both of which 
were identified as risks in the region’s climate change assessment and 
adaptation plans. 

The Alexandria, Va.-based Nutrient Management Facility (https://
sustainableinfrastructure.org/envision/project-awards/nutrient-
management-facility) is a water resource recovery facility designed 
to meet some of the strictest wastewater treatment standards in the 
world. The project includes 18 million gallons in-tank capacity with 
associated pumps, chemical analysis equipment, and an extensive 
odor control system. It also includes a lit, regulation-sized athletic 
field located on top of the facility’s process tanks, which restored 
previously inaccessible land, creating a community amenity.

At the time of this writing, three 2017 projects have already received 

an Envision award from ISI and several more are in progress. ISI 
expects to see significant growth in the number of projects using the 
Envision system to achieve more sustainable outcomes and in terms 
of where Envision is being utilized. While initially developed for use 
in the U.S. and Canada, Envision can be adapted to other locations as 
well; there is growing interest in the use of Envision in other locations 
globally, including Central and South America, Europe, Africa, and 
Asia. 

MELISSA PENEYCAD, ENV SP, is director, Sustainable Projects at the Institute for 
Sustainable Infrastructure (www.sustainableinfrastructure.org). She oversees 
and directs the verification program for the Envision rating system for sustain-
able infrastructure, developing relationships with infrastructure owners, design-
ers, and public agencies across Canada and the United States and supporting 
research and further development of the Envision system. 

Image of the Envision Platinum-verified Nutrient Management Facility in Alexandria, Va.
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CallisonRTKL recently conducted research to explore the feasibility 
of using mass timber technology for high rise construction. The 
study envisioned a 40-story (420-foot-tall) residential tower in 
downtown Seattle using engineered woods such as cross laminated 
timber (CLT), nail laminated timber (NLT), and glulam panels as the 
primary structural material. 

Mass timber products are the only renewable structural building 
materials of scale; they also have the lowest energy consumption 
across their life cycle. They are sourced from sustainably managed 
forests or from cheap, sustainable softwood and possess excellent 
structural stability.

Our research showed a hybrid and composite format of construction 
was the optimal solution for a structure of this magnitude. The tower 
core, two extending outrigger walls, and the foundation are the only 
components that are constructed in-situ with reinforced concrete. 
Lower floor columns are fabricated in steel and two other outrigger 
walls in carbon fiber, using the structural performance advantages 
of lightweight carbon fiber strands in a hexagonal net configuration 
for wind-load resistance. The material-specific advantages of mass 
timber construction (MTC), reinforced concrete, and carbon fiber 
are strategically put to work to form an innovative high-performance 
hybrid structural system. 

Structural design
To better understand the performance of a high rise timber tower, 
our team conducted a comparison of a typical concrete building and 
a mass timber-framed building with the same height. For both, the 
concrete core is continuous from roof level to base level. Outrigger 
walls were assumed to run to the third level and sit on columns that 
extend to base level. In the lower levels, the concrete core is modeled 
with 15-inch-thick walls to the perimeter of the core and 8-inch-thick 
walls internally. The outer core wall thickness has been modeled with 
a reduction from 15 inches to 12 inches at level 15, and 9 inches thick 
at level 30. 

Concrete strength in the core and shear walls varies from 65 MPa 
at level 10 to 50 Mpa at level 20 and 40 MPa above. If the core 
walls were made out of timber, their thickness could be comparable 
to typical concrete core walls for support of gravity loads, but for 
lateral loading, the timber planks require significant shear connectors 
across joints to provide the stiffness required. These connectors 
require careful design to ensure that shear can be transferred between 

timber panels without panel failure and that the connection method 
is buildable. As such, timber core walls have not been developed as 
part of this project.

Also, when comparing the standard concrete example to a timber 
floor with a concrete topping system, there is a 38 percent reduction 
in the floor plate mass. Without changing the wall design, this results 
in a 28 percent reduction in the total building mass.

Wind resistance
The performance of a tall building exposed to wind is a function of 
the dynamic properties of the building. The taller the building, the 
lower the frequency becomes and the more significant the dynamic 
component is in estimating wind loads. A frequency of less than 1.0 
Hz is the standard for determining if the structure has a significant 
resonant response. Both base and timber building solutions have a 
fundamental frequency of less than 0.5 Hz.

Keeping the building core and shear wall system the same for 
both examples and using timber floors with a reduced floor mass 
as opposed to concrete floors results in a positive increase in the 
building’s natural frequency. This reduces the resonant response of 
the building and results in lower design wind forces.

Therefore, building mass reduction indicates a notionally stiffer 
building; however, as the main concrete core structure used to resist 

Mass timber high rise
CallisonRTKL conducted a feasibility study for a 

40-story residential tower in Seattle.
By Amir Lotfi, LEED AP BD+C

CallisonRTKL’s research envisioned a 40-story residential tower in downtown Seattle using 
engineered woods. Rendering: CallisonRTKL Inc.
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the lateral loads is unchanged, lateral drift under static lateral loads 
also does not change. The increase in frequency is due to the reduced 
mass, and the benefit — the building’s response under wind loads — 
is important in assessing the building’s dynamic performance under 
both wind and earthquake loads. 

Fire safety
In addition to structural wind load resistance requirements, the 
tower’s core walls are designed to be in-situ reinforced concrete 
for better compliance with fire-safety regulations. Tower core walls 
encapsulate all vertical circulation, including a designated fire service 
access elevator and two pressurized escape staircases. The tower is 
outfitted with an automatic sprinkler system throughout.     

Mass timber products resist fire well due to their make-up, scale, and 
thickness. When exposed to flames, they will develop a protective 
charring layer at their surface instead of catching fire and burning 
in a way that is associated with regular timber frame products and 
construction. Char rate of 1.5 inches to 1.75 inches per hour is the 
required char thickness, which should be added to the structurally 
required dimension of a respective assembly.

Seismic resistance
Seismic loads are a function of the building mass. Around the globe, 
there are wide variety of systems used that idealize the impact of 
earthquake loads on a system of lateral loads. This is a representation 

of the inertial loads generated in the building as the ground beneath 
moves. The building mass is the common element when calculating 
seismic loads: The loads are directly proportionate to the building 
mass, so a reduction in mass will result in an equivalent reduction in 
seismic loads.

A means to dissipate the energy generated through ground movements 
without compromising the structure or risking collapse is of utmost 
importance. This is achieved through reinforcement detailing in 
concrete structures, which enables ductile behavior under seismic 
forces. Energy is dissipated through the cracking of concrete, while 
the reinforcement ensures that the structural integrity is maintained 
and concrete confined.  

The Trees and Timber Research Institute of Italy (IVALSA) carried 
out testing on a seven-story CLT building in Japan (Ceccotti, A., 2010, 
Cross Laminated Timber Introduction to Seismic Performance, Trees 
and Timber Institute IVALSA-CNR National Research Council, Italy). 
The building was placed on a shake table and demonstrated ductile 
behavior and good energy dissipations. The most influential factor in 
the performance was the nature of the mechanical connections used.

Construction technology
Construction of tall buildings in mass timber relies heavily on a tower 
crane for all hoisting needs since all mass timber components are 
prefabricated. Modularized, factory-built, and site-delivered kitchen 

Research showed that a hybrid and composite format of construction was the optimal solution. The material-specific advantages of mass timber construction, 
reinforced concrete, and carbon fiber are strategically put to work to form a high-performance hybrid structural system. Rendering: CallisonRTKL Inc.
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and powder room pods will put additional strain on the tower crane 
schedule. Careful assessment should be made relative to “hook time” 
requirements and availability. Depending on site logistics and the 
schedule for construction, an additional crane could be considered 
for a more efficient construction process.

CLT and NLT floor panels are typically set one at a time using a 
tower crane or some other lifting device. While more conventional 
construction such as steel erection uses a “Christmas tree” method 
(several steel beams are hoisted simultaneously and placed in the 
same pick), mass timber floor panels will allow the overall completion 
of the floor assembly in a more efficient manner.

Depending on size, most timber columns can be lifted into place 
with a two-person crew once the columns have been landed on 
the destination deck. This is advantageous compared with other 
structural systems because it does not rely on the use of cranes other 
than hoisting the materials onto the level they will be installed. A 

comprehensive erection plan linked with fabrication, delivery, and 
manpower schedules is a prerequisite for smooth onsite operations 
and successful installation.  

Conclusion
Overall, the Seattle mass timber tower design defines a vision to build 
tall, dense, resilient, sustainable, and low-carbon developments in the 
coming decades. Such an endeavor will obviously require substantial 
political leadership, regulatory approvals, and financial commitment 
and resources. This study suggests that using mass timber in a creative 
and responsible way reduces carbon footprints and brings us closer to 
the goal of a more sustainable future.

AMIR LOTFI, LEED AP BD+C, is an associate at the global architecture, design, and 
planning firm CallisonRTKL in the Seattle office. Amir specializes in the mixed-
use and tall building markets and has worked on projects around the world. He 
can be reached at amir.lotfi@callisonrtkl.com.  

The tower core, two extending outrigger walls, and the foundation are constructed 
in-situ with reinforced concrete. Lower floor columns are fabricated in steel and 
two other outrigger walls in carbon fiber. Image: CallisonRTKL Inc.
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GeoSLAM, a developer of Simultaneous Localization and Mapping 
(SLAM)-based mobile indoor mapping systems, launched Desktop 
V3, the company’s newest release of its SLAM registration software. 
GeoSLAM Desktop V3 provides increased functionality to view, 
edit, and define results.

GeoSLAM Desktop V3 incorporates a 2D and 3D viewer such that 
registered point clouds can be immediately viewed without moving 
to third-party software. Used in conjunction with the ZEB-CAM 
camera accessory, it is possible to visualize the synchronized imag-
ery alongside the point cloud within the viewer. This additional con-
textual information is valuable for feature identification within the 
point cloud, the company said.

Following implementation of user-definable SLAM parameters, us-
ers can optimize processing to suit the environment in which data 
was collected. Users can choose from a range of parameters, includ-
ing bounding box size, place recognition, loop closure, and the abil-
ity to end processing early. 

Once point cloud registration has been optimized, Desktop V3 allows 
users to select from a large range of output options, including for-
mat, point and spatial decimation, normal, time-stamping, and point 
rendering. This array of user-defined outputs allows for greater in-
tegration with third-party point cloud post-processing packages, the 
company said.

Information provided by GeoSLAM (www.geoslam.com).

Lenovo Workstations introduced three mobile workstations — Leno-
vo ThinkPad P51s, P51, and the virtual reality (VR)-ready ThinkPad 
P71. 

The ThinkPad P51s is the lightest and thinnest mobile workstation 
ever developed by ThinkPad, shaving off more than half a pound of 
weight from the previous generation. The mobile workstation fea-

BOXX Technologies introduced APEXX 2 2403, which it claims is 
the world’s fastest workstation, featuring a 7th generation (Kaby Lake) 
Intel Core i7 processor overclocked to 4.8 GHz. According to BOXX, 
the latest Intel processors offer a significant performance increase over 

previous Intel technology and it is the only workstation manufacturer 
offering the new micro architecture safely overclocked and backed by 
a three-year warranty.

In terms of sustained performance, the integration of an overclocked, 
7th generation Intel Core i7 7700K processor makes the BOXX 
APEXX 2 2403 nearly 10 percent faster than the standard edition 
APEXX 2 2203, which offers a base clock speed of 4.2 GHz. The over-
clocked APEXX 2 reaches 4.8 GHz and sustains that frequency across 
all cores. 

The new workstation also features advanced liquid cooling and a 
compact chassis. It is available with up to two, full-length NVIDIA or 
AMD Radeon Pro professional graphics cards, solid state drives, and a 
gold-level power supply.

Information provided by BOXX Technologies (www.boxx.com).

BOXX Technologies’ APEXX 2 2403 
workstation features a 7th generation Intel 
Core i7 processor overclocked to 4.8 GHz.

Used in conjunction with the ZEB-CAM camera accessory, it is possible to visualize 
synchronized imagery alongside the point cloud within the viewer.

Lenovo's virtual reality-ready ThinkPad P71 is MIL-SPEC tested and offers a dual-fan 
cooling system for more reliable use in the field.

BOXX introduces 
‘world’s fastest’ 
workstation

GeoSLAM updates indoor mapping registration 
software

Lenovo introduces three mobile workstations
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DKS Associates and iSoftStone North America announced a partner-
ship to offer new services that integrate DKS’s intelligent transporta-
tion offerings with iSoftStone’s smart city solutions. This collabo-
ration provides the public and private sector with comprehensive, 
end-to-end services across the Intelligent Transportation Systems 
(ITS) domain, the companies said.

The combined technology and service offerings will initially focus 
on helping government entities benefit from data-driven, next-gen-
eration transportation planning and engineering. Moving forward, 
DKS and iSoftStone will leverage their combined global experience 
to develop products and services — including civic technologies, 
transportation engineering, Internet of Things, wireless telecommu-

nications, and business intelligence — that support customers in the 
emerging smart cities space in North America. Together, the compa-
nies expect to demonstrate how advanced data, ITS technologies, and 
smart city solutions can be used to reduce congestion, keep travelers 
safe, protect the environment, respond to climate change, connect un-
derserved communities, and support economic vitality.

DKS and iSoftStone also announced a new packaged solution offer-
ing to provide a more agile, data-driven approach to transportation 
planning and investment decisions. Combining process consulting, 
engineering expertise, and new data-related technologies, the hosted 
solutions combine existing data, sensor feeds, and untapped external 
information sources into a consolidated analytics portal with interac-
tive data-discovery tools. These systems allow transportation plan-
ners to provide more effective, measurable decision making based 
on real-time information and analysis, in support of the constantly 
changing requirements faced by modern cities.

Information provided by DKS Associates (www.dksassociates.com) 
and iSoftStone (www.isoftstoneinc.com). 

Topcon Positioning Group released the latest addition to its ES total 
station series in the Americas, the ES-60. Featuring advanced reflec-
torless capabilities and an upgraded data transfer functionality, the 

ES-60 is designed to provide an entry-level total station option with 
an electronic distance measurement range of up to 350 meters, 4,000 
meters with a prism, the company said. The instrument also offers a 
USB option for quick and easy data transfer.

According to Topcon, the ES-60 offers 2- and 5-arc second accura-
cies and is ideal for land surveying, topography, construction layout, 
foundations, and exterior job sites as well as as-built projects. Ad-
ditional features include 10,000 points of memory, a battery life of as 
long as 15 hours, dual axis compensation, a waterproof design, and 
a laser pointer. 

Information provided by Topcon Positioning Group (www.topconpo-
sitioning.com).

tures Intel’s 7th generation Core i7 processors and the latest NVIDIA 
Quadro dedicated workstation graphics, as well as a 4K UHD IPS 
display with optional IR camera. It also offers Intel Thunderbolt 3 
technology with docking solution, giving users ultra-fast connectiv-
ity and the ability to move massive files in an instant, the company 
said. 

Lenovo’s new ThinkPad P51 – including 4K IPS display with 100 
percent color gamut and X-Rite Pantone color calibrator — and the 
first-ever VR-ready ThinkPad P71 are MIL-SPEC tested and offer a 
dual-fan cooling system for more reliable day-to-day use in the field. 
The new workstations feature new 2400-MHz DDR4 memory — the 
fastest memory available in a mobile workstation, Lenovo said — 

and the latest Intel Xeon processors for mobile workstations. The 
ThinkPad P71 can handle as many as four storage devices. 

In the P71, the NVIDIA Pascal-based Quadro GPUs comes equipped 
with full Oculus and HTC certifications, along with NVIDIA’s VR-
ready certification.

The Lenovo ThinkPad P51s, available in March, starts at $1,049; the 
ThinkPad P51 and P71, available in April, start at $1,399 and $1,849, 
respectively. 

Information provided by Lenovo (www.thinkworkstations.com).

DKS Associates and iSoftStone North America 
partner to provide smart transportation 
solutions

Civil + Structural Design Tools

Topcon’s ES-60 total station features 
advanced reflectorless capabilities and 
upgraded data transfer functionality.

Topcon ES-60 total 
station offers advanced 
data transfer

www.topconpositioning.com


march 2017          csengineermag.com          63

01. Interlocking concrete pavement design

02. Moment-resisting post base

The Structural Design of Interlocking Concrete Pavement Committee 
of the Standards Council of the Transportation & Development 
Institute of the American Society of Civil Engineers (cosponsored by 
the Interlocking Concrete Pavement Institute) published Structural 
Design of Interlocking Concrete Pavement for Municipal Streets and 
Roadways, Standard ASCE/T&DI/ICPI 58-16. The standard establishes 
guidelines for developing appropriate pavement structures for various 
traffic and subgrade conditions. This standard applies to paved areas 
subject to applicable permitted axle loads and carrying up to 10 million 
80-kN equivalent single-axle loads. The standard provides preparatory 
information for design, key design elements, design tables for pavement 
equivalent structural design, construction considerations, applicable 
standards, definitions, and best practices. 

Simpson Strong-Tie’s MPBZ 
moment post base provides 
moment resistance for wooden 
columns or posts, reducing the 
need for knee bracing, providing 
greater design possibilities for 
outdoor structures. According to 
the company, the MPBZ is ideal 
for freestanding structures such 
as carports, fences, and decks. 
It features an overlapping sleeve 
design, which encapsulates the 
post, keeping it from rotating 
around its base when lateral 
loads are applied from above. 
The MPBZ’s ability to withstand 
lateral loads greatly reduces or 
eliminates the need for diagonal 
knee bracing to provide more 
versatility in creating open-air 
structures with unobstructed 
views. 

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

The American Concrete Institute (ACI) released the printed and 
digital editions of its 2017 Manual of Concrete Practice. Containing 
more than 250 documents, the ACI Manual of Concrete Practice 
is the most comprehensive and largest single source of concrete 
practice information available in one set. The manual contains 
all of the ACI documents needed to answer any questions about 
code requirements, specifications, tolerances, concrete proportions, 
construction methods, evaluation of test results, and many more 
topics. It also includes the reorganized version of ACI 318, Building 
Code Requirements for Structural Concrete and Commentary.

Cintec International
www.cintec.com  

American Concrete Institute
www.concrete.org  

03. Dissipative wall anchor

04.
2017 
Manual of 
Concrete Practice

American Society of Civil Engineers
www.asce.org/pubs 

Simpson Strong-Tie
www.strongtie.com/mpbz  

Specify
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05. Precast concrete foundations

06. Wood building materials 07. Construction products website

Oldcastle Precast, Inc. acquired the assets of Cell Blocks, 
Inc., a provider of patented precast concrete foundations for 
cellular towers and other utility equipment. Cell Blocks post-
tensioned foundation systems have been used by all major 
U.S wireless carriers. The modular systems are configured 
to meet the requirements of each site and typically 
requires only one day for installation. The acquisition is 
expected to strengthen Oldcastle Precast’s position in the 
telecommunication market across the United States.  

According to reThink Wood, wood building 
solutions are an ideal option for U.S. schools 
to meet budget and safety requirements. For 
educational and institutional building construction, 
the organization said that wood building 
solutions typically cost less than alternatives 
— the average elementary and middle schools 
could realize cost savings of nearly 22 percent 
— and wood construction is fast, particularly 
with prefabrication and panelized products 
such as cross-laminated timber and mass timber 
technologies. As a renewable resource, wood 
offers a lower carbon footprint compared with 
other common building materials and improved 
energy efficiency performance due to its inherent 
insulating qualities.

W. R. Meadows launched a new website 
implementing changes such as the basic feel 
and navigation. The website was redesigned 
to give it a more contemporary feel, 
including a more immersive front page, 
easier navigation to product information, 
and an enhanced layout, the company said. 
A key improvement of the website is its 
enhanced mobile-friendly features. The site 
automatically adjusts based on the width 
of the browser or size of mobile device. 
Content includes access to product data 
sheets, safety data sheets, project profiles, 
and more. Product categories include 
building envelope, concrete restoration, 
joint sealants, and more. 

reThink Wood
www.rethinkwood.com  

W. R. Meadows
www.wrmeadows.com  

Oldcastle Precast, Inc.
www.oldcastleprecast.com  
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HydroCAD takes the TR-20
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EQUITY VALUE/ BOOK VALUE

Zweig Group recently released its 2017 Valuation Survey — a staple 
of industry-leading firms for more than 25 years. When it comes 
to estimating the value of a business enterprise, it is important to 
understand exactly what is being valued and for what purpose. Without 
an established market in which a firm’s shares are actively traded, an 
appraiser can only estimate the market value through the application of 
pertinent measures and indicators of value from relevant data. 

This is why this survey and the corresponding report are so valuable to 
the industry as a whole. This compilation of data is intended to provide 
some benchmarks and metrics that allow firms to see how their own 
value ratios stack up against industry norms.  

Zweig Group calculates six value ratios that determine the Z-value 
formulas. These statistically derived Z-values may facilitate 
comparisons between firms and between multiple valuations of the 
same firm. Raw Z-values can be adjusted upward or downward, taking 
into account the effects of these variables as indicated by the survey 
results. For instance, in relation to a firm’s net service revenue, the 
average valuation performed on behalf of the majority or controlling 
ownership resulted in values 30 percent greater than valuations 
performed on behalf of the minority or non-controlling owners.

In general, valuations conducted for external purposes, such as a 
possible merger or sale, tend to yield higher value ratios than those 
conducted for internal use (buy/sell agreements between stockholders, 

internal ownership transfer, etc.). Valuations performed in connection 
with a potential or actual sale or merger resulted in higher median 
values for all six value ratios. 

Younger firms, founded after the year 2000, were valued higher from a 
value-to-net-service-revenue perspective. This is likely because these 
firms were growing at a high rate and were also projected to continue 
to grow revenue, EBITDA, profit, and backlog faster than more mature 
firms during the next few years. 

Historically, we have found that, with some exceptions, larger firms 
were generally valued higher from a value-to-EBITDA-ratio standpoint 
than smaller firms. This indicates that as firm size grows, so does the 
relative value of the underlying assets or equity of the firm — growth 
is good! Conversely, from an equity-value-to-book-value perspective, 
larger firms had a lower multiple, likely because larger firms were 
carrying more underlying assets and owner equity than smaller firms. 

Over the years, Zweig Group’s Valuation Survey has provided CPAs, 
financial practitioners, and AEC firm leaders with the tools to properly 
value ownership stakes in architecture, engineering, and environmental 
consulting firms for almost any reason. Whether there is an internal 
ownership transition, M&A activity, or some other happening, the 
data in Zweig Group’s Valuation Survey provide reasonable market 
estimates of firm value based on six value ratios. 

The 2017 Valuation Survey report and Excel working file are available 
for purchase at https://zweiggroup.com.  

By Will Swearingen

Valuation

Benchmarks

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