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JAMIE CLAIRE KISER is managing principal and director of advisory services at Zweig Group. Contact her at 
jkiser@zweiggroup.com.

“If your actions inspire others to dream more, learn more, do more and become more, you are 
a leader.” – John Quincy Adams

This edition of Civil + Structural Engineer proudly celebrates our 2020 Rising Stars of the 
AEC Industry. Rising Stars are those with a record of exceptional ability and professional 
accomplishments related to management, leadership, teaching, research, and public service. 
The Rising Stars featured in this month’s publication are the future role models and leaders 
who will shape their firms and professions, leading to a more sustainable AEC industry. Or, 
that’s how the award is described on our website. One point of clarification, by way of the 
above quote from John Quincy Adams: remove the word “future.” The 2020 Rising Stars are 
role models and leaders today, though we are eager to see their continued contributions to their 
firms and the AEC industry. 

Zweig Group’s awards program is central to our company’s mission to Elevate the Industry. 
Recognizing the bright minds who have chosen to devote their professional energy to the AEC 
industry is an honor. The Rising Stars award is especially powerful to me as a way to showcase 
leadership that defies experience. Brilliance, tenacity, and the power to influence change and 
inspire others to greatness are not gifts bestowed on people once they reach a certain age. It’s 
so important to the future of our industry that we embrace effectiveness and outcomes and 
reject conflating accomplishments with the quantifiable, like years of experience or hours on a 
timesheet. 

This year has not been generous in providing opportunities to recognize professional success; 
many of our Rising Stars will not be able to experience the humbling delight of gathering with 
peers to hear the big announcement made in person at a company event, nor will they be able to 
shake hands as they accept their award and bask in the accolades. I encourage our readers to fill 
in the gaps, whether that’s emailing an award winner to congratulate them, posting online, or 
taking a moment to recognize the Rising Stars in your own organization and network and telling 
them that their work is valuable, and their contributions are inspiring. Seizing the opportunity 
that 2020 presents to each one of us to step up and connect personally is an act of leadership in 
itself, and creatively rising to the occasion and instilling pride in others is precisely the core of 
the spirit of our Rising Stars award. 

With that, it is my pleasure to present the 2020 Rising Stars of the AEC Industry!

from the publisher

The Stars 
are Rising
Jamie Claire Kiser

mailto:jkiser@zweiggroup.com
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We are lucky to be living at a time like this. That may be a bold statement to many reading this as I’ve 
read my fair share of articles about how 2020 has been a terrible year, and COVID-19 is only one of 
many reasons. However, this year, my son was born, and we’ve recently moved to New Orleans. As 
things slowly settle into place, it has afforded me the opportunity to reflect and regain perspective. 
In many ways, this is one of the greatest moments to be alive. Humanity has never been in a better 
position. There has been a Facebook post going around about the hardships and perspective of someone 
whom was born in 1900 that can really help shift your viewpoint.  Sure, there is a lot of uncertainty, 
privation, and suffering. I’d like to challenge you to reframe your reference on the world today in order 
for you to see the tremendous amount of opportunity that this time presents. 

Great leaders are shaped by their time and environment just as much as their natural or developed 
ability. Rather than waiting for the new normal to emerge, what are you doing to create the new normal? 
It makes me think of American poet, Marge Piercy’s, words “A pitcher cries for water to carry, and 
a person for work that is real.” Let us reignite our passion and intensity and stop going through the 
motions and wasting time. This fundamental impulse is not bounded by age. It is time, not to leave a 
legacy, but to live one.

Our mission at Zweig Group is to “elevate the industry.” I believe the foundational building block of 
this is the individual. Leadership can come from any level in our organizations, and what we need now 
are leaders. What would you like your legacy to be and how can we bind together with like-minded 
individuals to push beyond the limitations that have held us back? Is your vision to build people that 
build the future, create a more equitable world, ElevateHer, generating better health and well-being 
through design, to inspire healthier communities, to reinvent how people share knowledge and use their 
environment, world domination, or some other colossal purpose?

A quick aside for those that think I’m being too ethereal. People want to do business with, work for, 
and most importantly contribute to those that believe what they believe. Concentrating on living your 
legacy will certainly be reflected in better revenue, profit, and return to shareholders, employees, and 
your communities.

After speaking with firms around the country, many have a one-word strategic plan at the moment 
“survive.” This is also the bias many leaders in our firms have during “normal” years as well, though. 
They put legacy issues on hold and concentrate on managing the near-term concerns. This generally 
means doing whatever needs to be done to meet the most urgent demands at any given time. This is 
why in survey after survey, senior executives say that setting a clear and differentiating strategy was 
“a significant challenge.” The most certain way to build a company whose leadership will outlast your 
own, however, is to focus your attention on the few things that your company can do better than anyone 
else and reinforce that focus in every decision you make. It will help you win market share, generate 
sustainable growth, and even turn around a decline. 

Legacy isn’t something you arrive at by copying your competition. Developing a legacy-building 
strategy means looking within to the sources of your greatest purpose and potential. Where do you, 
your customers, and your community need you to be uniquely great? Once determined, ruthlessly 
concentrate your time and resources in those areas. This is “strategic coherence.” It is having a single 
compelling view of how your company creates value in the market, the capabilities to do so, the way 
those fit into a system, and the way that relates to the services you provide. This is the only way to 
consistently create value today. Finally, once you’ve determined how you will live your legacy building 
strategy, communication is key. Constantly ask yourself if your team can articulate what it is and how 
you hold each other accountable for keeping focus. 

How are you living your legacy? We want to hear from you. Stay tuned for more information and 
resources as we lead up to our ElevateAEC experience this year. Leadership, legacy building, and 
elevating the industry will be a major focus for the next year.

live your 
legacy

Phil Keil

PHIL KEIL is director of Strategy Consulting, Zweig Group. Contact him at pkeil@zweiggroup.com.  

mailto:pkeil@zweiggroup.com
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events + virtual Events

august 2020

FAA UAS SYMPOSIUM – REMOTELY PILOTED EDITION, EPOSIDE II
august 18 -19 – virtual
The FAA UAS Symposium – Remotely Piloted Edition connects 
enterprise UAS operators and commercial and recreational remote 
pilots directly with the regulators who are enabling drone integration 
into the National Airspace System. Learn, train and troubleshoot with 
the entire UAS community to ensure your operations remain safe and 
grow along with regulations.
https://faauas.auvsi.net/home

ACCELERATING DEVELOPMENT OF EDGE AI
august 26 – virtual
Lengthy product development cycles have always constrained Edge AI 
and autonomous machine design. That’s about to change. A new embedded 
platform from NVIDIA opens up possibilities with a suite of modules 
that offer better size vs. power capabilities for AI projects. Join AUVSI 
and Connect Tech to meet NVIDIA’s Jetson Xavier™ NX, explore its 
best use cases, and learn how to reduce application development time by 
harnessing the power of this innovative embedded platform.
https://www.auvsi.org/events/webinars/accelerating-development-
edge-ai

september 2020

AUVSI UNMANNED SYSTEMS- DEFENSE PROTECTION SECURITY
september 8-10 – virtual
AUVSI Unmanned Systems—Defense. Protection. Security. (USDPS) 
is the only event focused on equipping our armed services and civil 
protection agencies with the unmanned tools they need to meet today’s 
threats while preparing for tomorrow’s opportunities. You’ll join 
military officials from across all branches, federal security personnel, 
and industry leaders to understand the latest programs of record, navigate 
procurement processes and explore opportunities to do business with 
federal agencies.
https://www.thedefenseshow.org

elevateher symposium
september 30 – virtual
This one-day event is open to all and for anyone interested in learning 
more about how to solve the AEC industry’s top challenge: recruitment 
and retention. The ElevateHER symposium will gather together 
leaders in the AEC industry, Zweig Group’s ElevateHER 2020 Cohort 
members, and speakers on topics related to hiring, retaining valuable 
employees, and fostering a diverse and equitable workplace. 
https://shop.zweiggroup.com/collections/conference/products/
elevateher-symposium?variant=31530063265864

October 2020

AUVSI Xponential
rescheduled: october 5-8 – virtual
AUVSI XPONENTIAL 2020 is the global stage for everything 

unmanned — from state-of-the-art propulsion technology, sensors, 
energy storage and UAS mitigation solutions to what’s coming over 
the horizon in AI, 5G, edge computing, and more. As the largest, 
most significant event for the unmanned systems industry, you’ll find 
your edge as you explore the latest technology innovations, develop 
new perspectives as you hear from industry luminaries, and cultivate 
creativity at special networking events where you will meet some of the 
most influential leaders in the unmanned and autonomous space.
https://www.xponential.org/xponential2020/public/enter.aspx

elevate aec virtual conference
october 12 - 16 – virtual
You’ve asked. We’re answering. The Elevate AEC Conference can now 
be experienced 100% virtually. That’s right—the same world-class 
experience,  but no travel required. The 2020 Elevate AEC Virtual 
Conference will be a week-long event, providing attendees meaningful 
content and networking opportunities from afar, highly produced with 
“live” interactions. The virtual event will include daily doses of keynote 
speeches, Ted Talks, breakout sessions, virtual social mixing events, 
and awards celebrations.
https://www.zweiggroup.com/virtual-conference/

Learn the Language of Business: Financial Management
october 20 – dallas, tx
Solid financial management is crucial to the success of any company, 
and firms in the AEC indus try are no exception. This course provides 
an overview of business financial management – spe cifically tailored 
to our industry – to help firm leaders make informed decisions. Topics 
include: interpreting financial statements; key performance metrics; 
benchmarking and predictive cash flow management; and how strategic 
decisions drive the value of the firm.
https://shop.zweiggroup.com/collections/events/products/financial-
management-for-non-financial-managers?variant=15425604845603

design-build conference and expo
october 28-30 – national harbor, md
Design-Builders in the Water/Wastewater and Transportation sectors 
will be the focus of two dedicated tracks of education targeting the 
unique needs of each sector.
https://dbia.org/conferences/design-build-conference-expo/

Leadership skills for AEC Professionals
rescheduled: october 29-30 – dallas, tx
Practical leadership skills are vital to the health and success of every 
company in any industry. Effective leaders motivate their teams 
to achieve exceptional results, inspire others to be better than they 
thought possible, and create an environment where their team is 
focused and working towards a common vision. Zweig Group’s team 
of management experts – who have extensive experience working with 
AEC firms providing solutions to the challenges facing AEC firms 
today – deliver practical solutions that technical professionals can put 
to work immediately to lead their firms to success.
https://shop.zweiggroup.com/collections/events/products/leadership-
skills-for-aec-professionals?variant=30889848569891

https://faauas.auvsi.net/home
https://www.auvsi.org/events/webinars/accelerating-development-edge-ai
https://www.thedefenseshow.org
https://shop.zweiggroup.com/collections/conference/products/elevateher-symposium?variant=34602351984791
https://www.xponential.org/xponential2020/public/enter.aspx
https://www.zweiggroup.com/virtual-conference/
https://shop.zweiggroup.com/collections/events/products/financial-management-for-non-financial-managers?variant=15425604845603
https://dbia.org/conferences/design-build-conference-expo/
https://shop.zweiggroup.com/collections/events/products/leadership-skills-for-aec-professionals?variant=30889848569891
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It’s not news that buildings use a lot of concrete. There are no substitu-
tions for it, and the production of it is problematic for the environment, 
generating 7 percent of all global carbon emissions. What is new is 
technology for manufacturing concrete that not only lowers cement 
volume but captures and sequesters CO2. 

As engineering and construction firms take the next step to deliver 
more environmentally responsible buildings, carbon capture in con-
crete has the potential to deliver meaningful impacts.    

Efforts to Reduce Carbon
For years, the construction industry has placed their focus on opera-
tional opportunities to reduce the carbon impact of commercial build-
ings. Strides have been made to reduce volatile organic compounds, 
creating safer environments for workers and occupants. There has 
been an increased awareness of transportation-related impacts on the 
environment and efforts have been made to source materials closer to 
construction sites. These have all been important steps to protect 
the environment. 

From a construction standpoint, however, solutions to reduce the 
carbon intensity of new builds have been limited. Recycled steel and 
concrete fillers have driven some reduction in embodied carbon in new 
construction, but not made meaningful impacts.

Compass Data Centers, one of the nation’s leading data center con-
struction companies, recently committed to using CarbonCure™ tech-
nology in the production of concrete for its new data centers, which 
rely heavily on concrete and are proliferating at a rapid pace. This 
unique additive not only reduces the quantity of cement needed in a 
mix, but also strengthens the mix while capturing carbon that would 
otherwise be emitted into the atmosphere.  

Using CarbonCure™ technology, concrete producers mineralize car-
bon waste and inject it into concrete. Injecting carbon in mineral form 
not only improves the compression strength of the concrete, but also 
reduces the volume of cement used in concrete. Most importantly, it 
permanently eliminates CO2 from the atmosphere, driving substantial 
positive change in the impact of concrete production on the environment.

Search for a Solution
Most climate change discussions focus on limiting emissions from 

the automotive, aviation, and energy sectors. Tech hasn’t been a target 
of activists, but the industry is mindful of its impact and proactively 
searching for ways to do better.

It’s a well known fact that data centers are energy intensive. According 
to research firm IDC, the data center industry has the fastest grow-
ing carbon footprint within the IT sector. The number of data centers 
worldwide has grown from 500,000 in 2012 to more than 8 million 
today, and expansion will continue on that trajectory as more people 
work, learn, shop, and stream entertainment from home in the wake of 
COVID-19. A lot of that expansion will be new construction.

Data center operators are always on the lookout for more environ-
mentally responsible options. Like other commercial buildings, most 
efforts have been centered on less energy intensive operations– servers 
and cooling systems with lower power requirements and/or sourcing 
renewable energy to reduce the carbon intensity of operations.

Given the extensive use of concrete in building data centers, from foun-
dations and sidewalks to pre-cast walls and roofing, carbon capture in 
concrete represents a huge mitigation opportunity. In its quest to build 
better buildings, Compass Data Centers learned about CarbonCure™ 
and began due diligence on its effectiveness and the carbon offset po-
tential for new projects.

CarbonCure™ Potential
International engineering firm Thornton Tomasetti conducted a multi-
year study on embodied carbon. In it, Tomasetti recognizes that data 
centers and hospitals, mission critical structures, have the overall high-
est levels of embodied carbon of any asset category. In consultation 
with Thornton Tomasetti, Compass discovered how effective Carbon-
Cure™ technology could be in reducing the carbon footprint of each of 
its new campuses. Building sizes vary, but estimates showed that using 
CarbonCure™ has the potential to reduce the CO2 footprint of each 
Compass campus by around 1,800 tons, equivalent to CO2 sequestered 
by 2,100 acres of forest or driving a car 4 million miles. 

Having quantified the potential of CarbonCure™ as it relates to Com-
pass Data Center projects, and with tested confidence in the integrity 
and application of the product for Compass’s model, the next step 
was to revisit Compass’s supply chain to ensure a healthy network 
of precast providers that would be able to deliver CarbonCure™-
manufactured cement. With data centers under construction throughout 
the U.S. and a growing international presence, Compass needed assur-
ance that there would be a sufficient network of suppliers. It turned 
out, CarbonCure™ manufacturers had more coverage than any other 
carbon-friendly products. 

Compass sent a request for proposal to each of its existing precast pro-
viders with design specifications to gauge their readiness to work with 
the Carbon Cure™ technology. Several respondents were engaged, 
familiar with the product, and eager to support this new, better way to 
build. Ongoing partnership is important to Compass’ model and value 
to customers. Compass relies on partners who can support Compass’s 
strategic advantage with quality and speed-to-market.  

Carbon Sequestration in 
Cement Creates Significant 
Environmental Advances in 
New Construction
By Nancy Novak
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Going Forward
Compass Data Center customers are thrilled to start their projects from 
a more positive carbon position. As the company seeks to continue 
eliminating carbon in new builds, Compass is now investigating op-
portunities to use aggregate with captured CO2 in place of natural 
limestone mined from quarries.

SE 2050 challenges structural engineers to take ownership and a 
more active role in reducing embodied carbon emissions in the built 
environment. Ultimately, the challenge is designed to prod engineers 
to eliminate carbon in new builds by 2050. Compass believes carbon 
capture in concrete is an important, if not the most important, way to 
achieve the goals set forth by SE 2050. 

To help the engineering and construction industries further reduce 
negative impacts on the environment, Thornton Tomasetti created an 
embodied carbon measurement tool, called Beacon. This free tool is a 
Revit plug-in. It helps engineers measure embodied carbon in projects 
and find ways to optimize and reduce carbon output. 

Compass is thrilled to begin constructing new centers with 
CarbonCure™-manufactured cement in 2020. It is an exciting new 
frontier and opportunity for the engineering and construction industry 
to deliver more environmentally responsible projects and meet goals 
for the future.

NANCY NOVAK, Compass Datacenters’ Chief Innovation Officer, has over 25 
years of construction experience and has overseen the delivery of over $3.5 
billion in projects during that time. Prior to joining Compass, Nancy was the 
National Vice President of Operations for Balfour Beatty Construction which 
she joined after serving in a variety of executive positions for Hensel Phelps 
Construction Company. Ms. Novak is a member of the iMason’s advisory 
council and is actively involved in a number of organizations dedicated to the 
advancement of woman in business including Above the Glass Ceiling (AGC) 
who are working with Fortune 500 companies to aid in the advancement of 
women in STEM, Women in Government Relations (WGE), Women Construc-
tion Owners and Executives (WCOE), The World Trade Center Initiative, For-
tune Media’s Most Powerful Women and the National Women’s Party. Nancy 
is a frequent speaker on the topic and has participated in the White House 
Womens and Diversity in STEM forums. Nancy holds a degree in Construction 
Engineering and Management from San Diego State University.

Statewide renewable energy initiatives mandated by Governor An-
drew Cuomo include an aggressive expansion of solar farms across 
New York. The number of farms has exploded in the last few months. 
Due to the influx of potential projects, Cuomo plans to establish a sepa-
rate permitting office in the Department of Economic Development to 
handle the demand. 

While the largest solar farm currently active in the state is 32 mega-
watts, many proposed projects in the development stage would gener-
ate more than 200 megawatts. The scope of these new proposals is 
unprecedented. The Conquest project, named after the adjacent town, 
could provide enough electricity for 30,000 households. Located in 
Cayuga County, north of Ithaca and west of Syracuse, this 2,000-acre 
solar farm could power every home in the county.

NextEra Energy, based out of Florida, is responsible for the develop-
ment of Conquest. The New York State Energy Research and Develop-
ment Authority (NYSERDA) awarded the utility company 380 mega-
watts of solar potential divided between two projects. The NYSERDA 
supported eligible renewable energy plans all across the state, worth a 
total of $1 billion in funds. 

Conquest Solar Farm Project
New York state has set a goal to source 70 percent of electricity from 
renewable energy sources by 2030. However, the process of completing 
the Conquest solar farm may meet some resistance. In rural areas his-
torically dominated by agricultural activity, local feedback has voiced 
concern that a farm of this magnitude uses valuable agricultural land. 

With the average American farmer being more than sixty years old and 
family operations across the country struggling to keep up, some resi-
dents worry that solar may take necessary land from young beginners. 
However, the concerns over this project are not merely agricultural. 
There is definitive worry over the aesthetics of solar farms influencing 
the real estate market and hurting property values.

Compared with current solar projects in New York state, the proposed 
solar farm is enormous. However, the rate at which organizations in-
stall it remains unknown. According to NextEra Energy, the project in 

NextEra Energy Solar 
Building 2,000 Acre Solar 
Farm to Power 30,000 Homes
By Emily Folk

https://www.syracuse.com/news/2020/02/monster-cny-solar-farm-would-replace-corn-and-soybeans-with-power-for-30000-homes.html
https://www.syracuse.com/news/2020/02/monster-cny-solar-farm-would-replace-corn-and-soybeans-with-power-for-30000-homes.html
https://www.greentechmedia.com/articles/read/solar-dominates-wind-in-new-yorks-latest-renewable-procurement-round
https://www.greentechmedia.com/articles/read/solar-dominates-wind-in-new-yorks-latest-renewable-procurement-round
https://www.syracuse.com/news/2020/02/monster-cny-solar-farm-would-replace-corn-and-soybeans-with-power-for-30000-homes.html
https://www.whec.com/news/massive-solar-farm-planned-for-town-of-byron/5494673/
https://www.whec.com/news/massive-solar-farm-planned-for-town-of-byron/5494673/
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Conquest, New York, will not move into 
production until 2023 at the earliest. 

The project must be transparent with the 
local community on the economic influ-
ence in the area, along with any long-term 
detrimental effects. While the public will 
have the ability to share questions and 
concerns regarding the project, as it's 
state-funded, the local government has no 
voting power on the implementation.

NY Renewable Energy Initiatives 
To better understand the breadth of these 
new solar projects, including Conquest, 
it is necessary to investigate the current 
sustainability initiatives in New York. 
Governor Andrew Cuomo is a huge sup-
porter of renewable energy and has made 
promises to increase the sustainability of 
energy and economic practices since his 
original address. 

While his objectives may seem far-reach-
ing, there are many signs that the rollout 
of green actions in the state will be swift. 
The governor has proposed changing over 
to a quicker project approval process, 
reducing the potential time involved in 
developing a solar farm from five to nine 
years to less than one. 

Solar energy in New York state only ac-
counts for 1 percent of power generation. 
Most installations are residential, with 
homeowners incentivized to save money 
on utilities by adding solar panels to their 
homes. This move towards widespread 
adoption will have a significant impact on 
the electrical grid, especially in rural areas. 

Next Steps in Solar Development
The Conquest solar farm project is still in 
the planning phase, and there is not a date 
set yet to break ground. The construction 
and installment of the farm will potentially 
create 250 temporary jobs for the county, with three or four permanent 
positions set for long-term maintenance. If the project proceeds without 
any major objections, the development will have a massive influence 
on the surrounding area for the next thirty years. 

Conquest is one of many large scale solar projects set for development 
across New York state. Developers are planning a half-dozen large-
scale farms that will cover more than 1,000 acres in the Rochester-

Finger Lakes region. When installed, these advancements will have a 
momentous influence on the future of solar generation in New York, 
the United States and beyond.

EMILY FOLK is a freelance writer covering topics in green technology and 
sustainability. You can follow her on her blog, Conservation Folks, or Twitter   
@EmilySFolk for her latest updates.

https://www.solarpowerworldonline.com/2020/03/large-scale-solar-projects-planned-in-upstate-new-york/
https://www.solarpowerworldonline.com/2020/03/large-scale-solar-projects-planned-in-upstate-new-york/
https://www.syracuse.com/news/2020/02/monster-cny-solar-farm-would-replace-corn-and-soybeans-with-power-for-30000-homes.html
https://www.syracuse.com/news/2020/02/monster-cny-solar-farm-would-replace-corn-and-soybeans-with-power-for-30000-homes.html
https://iwae.com/resources/articles/solar-panels-real-deal.html
https://iwae.com/resources/articles/solar-panels-real-deal.html
https://www.democratandchronicle.com/story/news/2019/01/24/gigantic-solar-farms-planned-rochester-region/2666009002/
https://conservationfolks.com/contact/subscribe/
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Trails and greenways play a vital role in communities by preserving and creating open spaces for low or no-cost 
outdoor recreation. They encourage people to get outside and safely explore environmentally sensitive areas that 
would otherwise be difficult or dangerous to access. Trails also function as a safe transportation corridor for those who 
commute by foot or bicycle.

When talking about recreational trails, it’s also important to acknowledge the economic impact they have on commu-
nities. Many recreational trails across the country are revenue-generating tourist destinations that positively impact 
local economies.

Fundamentals of Good Recreational Trail Design
There are three key considerations to good trail design: reinforcement, drainage, and confinement of surface materi-
als. These are critical components required to withstand repeated traffic loading, resist degradation from erosion, and 
minimize environmental impact. 

Finding economical and low-maintenance solutions to stabilize trails and greenways can be difficult. It is even more 
challenging in poor soil environments or environmentally sensitive areas where minimal disturbance is allowed, or 
where paving or filling within an existing floodplain or coastal area is limited by local, state, or federal regulations.

Presto Geosystems’ soil stabilization solutions overcome these challenges by providing low environmental impact 
options that offer long-term stability for pedestrian, equestrian, bicycle, wheelchair (ADA-compliant with appropriate 
aggregate infill), ATV, or multi-use trails. Protecting the trail surface from excessive rutting and long-term erosion 
while maintaining adequate permeability are key design considerations for many multi-use recreational trail projects.

Build Better Multi-Use Recreational Trails with the GEOWEB® 3D Soil Stabilization System
Multi-use trails can be designed to accommodate a variety of traffic, including pedestrians, bicyclists, equestrians, and 
motorized vehicles. Through the confinement of aggregate infill, the GEOWEB 3D Soil Stabilization System creates a 
stable, low-maintenance trail surface. The highly permeable GEOWEB system reduces stormwater runoff and surface 
water ponding, allowing for natural percolation through the permeable infill and underlying granular base.

The GEOWEB system is fast to install without the use of heavy equipment—even in difficult or remote terrain. Con-
struction vehicles can drive on the surface immediately after infill placement, helping to expedite construction.

The flexibility and versatility of the GEOWEB system make it the ideal solution for recreational trails. Surfaces for multi-
use trails are built with GEOWEB sections that are 8.5’ wide by 27’ long, and typically 4” or 6” deep. High-Density 
Polyethylene (HDPE) used to manufacture The GEOWEB sections can be easily cut to accommodate any width or 
length, and its flexible structure allows it to follow the curves and contours of the landscape, seamlessly integrating 
into the natural environment.

Building Trails Through Protected Areas and Wetlands/Coastal Areas
Designing trails through nature preserves or environmentally sensitive areas may require a low-impact solution to 
prevent damage to wetlands, coastal areas, and other protected habitats. The load-spreading ability of the GEOWEB 
3D Soil Stabilization System helps minimize construction and traffic-related damage to a tree’s critical root zone by 
reducing soil compaction and protecting near-surface roots. The open-graded aggregate surface is highly permeable, 
allowing moisture to get to the tree’s roots and limiting stormwater runoff.

Case Study: GEOWEB System Provides Flexible, Low-Impact Solution for Texas Shoreline Trail
Developers in the City of the Colony, Texas, required a flexible and low-impact recreational trail that conformed to the 

Designing and Building Sustainable Multi-Use Trails 
Using 3D Soil Confinement

Presto Geosystems | www.prestogeo.com

http://www.prestogeo.com
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curves and contours of the adjacent shoreline. The trail needed to accommodate traffic from pedestrians, bikes, small 
vehicles, and equestrians. The GEOWEB Soil Stabilization System with a well-graded, decomposed granite infill met 
these requirements. This infill material was readily available in the area, though any stone is acceptable as long as it is 
angular and promotes good drainage.

Tendons & Anchors Secure Sections Against Potential Uplift
Due to the high water table and lake level fluctuations, additional steps were taken to protect against potential uplift 
of the system. During installation, the contractors ran a series of polyester tendons through the GEOWEB panels and 
anchored them at regular intervals across each section. The use of tendons in conjunction with the stone infill material 
helped anchor the system, thereby providing resistance to buoyant forces that could otherwise uplift and deform the 
trail surface in response to elevated water table conditions This practice is recommended in wet environments with 
saturated soils.

Permeable Surface Infiltrates Water, Reduces Runoff and Ponding
Trails built with the GEOWEB system support green infrastructure initiatives because they do not disrupt the water 
cycle or impact the groundwater flow. No additional stormwater infrastructure is necessary when the trail surface is 
permeable, so there is minimal impact on the surrounding environment.

The result was a stabilized, clean trail, suitable for a variety of traffic without needing constant maintenance. The path 
is clearly delineated while maintaining a natural aesthetic. 

Design Support & Resources for Recreational Trail Design 
The engineering team at Presto Geosystems works closely with civil engineers, offering free project evaluation ser-
vices and on-site support for recreational trails and embankments.  
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An automated monitoring system, optical total stations, GNSS receiv-
ers and other structural monitoring instrumentation continuously 
monitors Sri Lanka’s tallest dam — providing a 360-degree view in 
real-time — of all dam movements.

Victoria Dam is the tallest dam in Sri Lanka, located on the Mahaweli 
River and about 20 kilometers (12 miles) from the town of Teldeniya. 
A double-curvature concrete arch dam, it is vital to the area in terms of 
agricultural irrigation and the production of hydroelectric power. Con-
struction of the dam started in 1978 and was completed in April 1985.

Challenge
Due to the age of the dam and its importance to the infrastructure 
of the country, the Mahaweli Authority of Sri Lanka determined the 
dam’s original monitoring system required a major upgrade. Authori-
ties needed continuous monitoring capabilities to analyze the structural 
integrity of the dam, as well as to understand its behavior according
to the dam’s original design. The team investigated modern structural 
monitoring technology and ultimately selected Trimble sensors and 
Trimble 4D Control software to build a sophisticated motion monitor-
ing instrumentation network.

The crown jewel of Sri Lanka dams
Considered by many as the crown jewel of Mahaweli Development 
Projects, the Victoria Dam is built in a deep valley just above the Vic-
toria Falls rapids and 300 meters (984 feet) below the point where the
Hulu Ganga river meets the Mahaweli River. At the time of its original 
construction, the dam’s funding, design, and the technical expertise 
was provided by the United Kingdom. Then Prime Minister Margaret 
Thatcher was at the dam’s ceremonial opening in 1985 along with 
then-president of Sri Lanka, J. R. Jayewardene.

The dam is 520-meters long and 122-meters high (1,706-feet long by 
400 feet high) and has a width of six meters (19 feet) at the crest and 25 
meters (82 feet) at the base. Water from the dam is fed to a powerhouse 
via a 5,646 meter (18,523 foot) tunnel. From there, tanks feed three 70 
megawatt, 12.5 kV turbines, which produce up to 780 gigawatt hours 
of electrical energy annually (roughly 6 percent of Sri Lanka’s power). 
The dam creates the Victoria Reservoir which has a gross storage ca-
pacity of 722,000,000 cubic meters. (Source: Amazing Lanka).

The region where the dam is located has periods of extreme rainy 
seasons, which can dramatically impact reservoir water levels to po-
tentially unsafe tolerances. When the dam was originally constructed, 
engineers installed a comprehensive monitoring system that included 
a geodetic system and instruments embedded into the dam’s structure. 
Monitoring tasks were conducted manually, including the geotechnical 

sensors that were surveyed by staff every two weeks and the geodetic 
points, which were measured and recorded on an annual basis.

Original monitoring equipment shows its age
Over the years, some of structure’s original measurement equipment 
stopped working properly, parts became unserviceable, and the ac-
curacy of the data produced was compromised. Er. S.R.K. Aruppola, 
Director of Operation and Maintenance for Victoria Dam, explains 
the dam’s conventional manual geodetic measurement processes were 
becoming tedious and dangerous to manage as the terrain is steep and 
slippery. Measuring and recording the dam’s movement with these in-
struments was also prone to human error, requiring the team to fix each 
instrument on four different pillars and take multiple sets of readings 
at separate intervals. Adding concern, minor cracks in the dam were 
found in 1996.

After consulting with technology specialists, the dam’s director and 
his team began designing a fully-automated, real-time geodetic sys-
tem to replace the manual monitoring system. The new monitoring 
system is comprised of several components, including Trimble NetR9 
Ti-M GNSS receivers and GNSS antennas, Trimble S9 robotic total 
stations, Trimble DiNi digital precise leveling instruments, automated 
water level reading systems and the integration of other geotechnical 
instrumentation. In addition to these components, all movement sen-
sors were designed to connect to the core of the monitoring system — 
Trimble 4D Control monitoring software. Trimble 4D Control software 
collects, processes, visualizes and analyzes the data of all monitoring 
sensors installed at the Victoria Dam and populates the results in 
real-time through an intuitive web interface. The software also issues 
alarms automatically whenever the system detects movement outside 
of user determined, acceptable parameters and sends status reports at 
user defined intervals.

Optical monitoring—setup of prisms and robotic total stations
Because of the double curvature of the Victoria Dam wall and often 
rainy conditions in the area, installing the required monitoring instru-
mentation across the dam was quite challenging. To start, the team had 
to develop a safe method to install the instrumentation, which included 
the construction of a gantry-like system suspended from a crane. This 
setup allowed an engineer to reach the wall of the dam safely to install 
the components, even at its most concave shape. The team installed 

Comprehensive Monitoring 
of Victoria Dam
Modern Monitoring of Victoria Dam Performed by Sri Lanka 
Authorities Using Trimble Monitoring Solutions
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72 monitoring prisms set across the dam wall and on the dam crest 
next to the overflow gates. 48 of these prisms were placed at the same 
locations as the pre-existing survey targets, and 24 were added at new 
locations. In addition to the prisms at the dam, 40 prisms were installed 
on the left bank of the dam and 32 on the right bank.
 
During installation, the team also set up 64 millimeter (2.5 inch) prisms 
as part of the control network for the Trimble total stations, comprised 
of four points per station. The Trimble S9 total stations collect data 
measurements automatically for consistent and reliable data capture of 
all movement across the dam. Today, the total stations are scheduled to 
take a two-face observation of all prisms every three hours, which takes 
approximately 20 minutes. The collected data is then sent to Trimble 
4D Control software for processing, analysis and visualization.

GNSS and water level monitoring—setup of GNSS receivers 
and piezometers
To  provide redundancy to prism monitoring and to monitor the stabil-
ity  of the control network, GNSS monitoring was integrated into the 
system. The team installed three Trimble NetR9 Ti-M GNSS receivers 
on the dam crest and one as a base station in the control center building.
For integrated data processing, each GNSS antenna is co-located with 
a prism. All GNSS receivers on the dam crest transmit the observa-
tion data to the control center over Wi-Fi with a backup power source 
completing each GNSS station.

Amongst other sensors, the team also incorporated vibrating wire 
piezometers and a wireless data logger system to automatically read 
water levels. The wireless data logger transmits readings from close 
to the center of the dam crest to the control center building where the 
server hosting the system’s monitoring software is located. Currently,
the GNSS processing interval is set to three hours, while the data log-
ger of the piezometers sends new data sets once per hour.

Bringing it all together—Trimble 4D Control monitoring 
software
The heart of the monitoring system is Trimble 4D Control monitoring 
software. Victoria Dam project leaders decided to install Trimble 4D 
Control on a server in the dam’s control center. The software processes 
data from optical total stations, GNSS receivers, geotechnical and other 
types of sensors. The historic monitoring data was imported into the 
software to analyze the behavior of the dam since it was erected. The 
manually collected historic data, the new real-time raw data, as well 
as the processed results allow project engineers to apply additional, 
customized calculations to the sensor data.

In total, data from 479 sensors is pulled into the Trimble monitoring 
software. Because the data can be collected and correlated in one plat-
form, today’s dam engineers have a much better understanding of the 
structure’s history and transitions over time.

Improved monitoring leads to enhanced analysis
With the implementation of an automated monitoring system, Victoria 
Dam engineers now have a much more comprehensive and accurate 
collection of movement data at their fingertips. The team can focus 
their efforts on detailed analysis, predicting future behavior and con-
tinually studying the behavior of the dam with the added security of 
the system’s automated alarm system that alerts them to any changes 
to the dam exceeding set thresholds. The real-time, and now accurate, 
data allows the team to determine temperature and water level effects, 
and their influence on temporary movements, as well as permanent 
deformations. Among other observations made since the adoption of 
Trimble equipment, the team has noticed irreversible swelling of the 
concrete of the dam, which will continue to be observed.

Commenting on the new monitoring system post-installation, Er. Arru-
pola observed, “Working with Trimble’s automated, real-time geodetic 
GNSS monitoring data, combined with automated water level read-
ings, has enabled us to establish a more complete and more accurate 
method for monitoring movement, reservoir crest levels and possible 
swelling of the Victoria Dam.”
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The Hamel Music Center at the University of Wisconsin-Madison is a 
world-class concert hall that required extreme accuracy in its design. 
This one-of-a kind music facility required structural and acoustic 
designs that would work together. Teamwork and expert knowledge 
resulted in just that: extraordinary sound quality and listening experi-
ences for university students, faculty and community patrons. Many 
experts gave careful consideration to the facility’s structural strength 
and support, reverberation and sound isolation, acoustical performance 
and materials used, among other specifications. 

As part of the design team, raSmith (structural engineering) worked 
with Strang, Inc. (architect) and Talaske (acoustics) to provide a struc-
turally smart design.

A School in Need
The Mead Witter School of Music was housed within a campus build-
ing constructed in 1969. Over the years, significant building changes to 
keep pace with the times had not occurred, outside of a major asbestos 
removal in the 1990s. Staff were teaching, and students were learning 
in an environment that begged for physical and functional upgrades as 
the school continued to grow. The need for sound isolation was para-
mount to the musicians’ achievements of excellence.

Predevelopment for a new School of Music with a modern environ-
ment began in the mid-2000s. While the goal for building occupancy 
was early 2017, multiple setbacks left the project on hold until many 
generous donor contributions allowed the project to resume in 2014.

Beyond budgetary considerations, the new building would need to con-
nect the campus to its surrounding community. But how would this 
connection be achieved? In order to create this new arts corridor, the 
Hamel Music Center would be situated along busy University Avenue. 
Next door to the Hamel Music Center stands the Chazen Museum of 
Art, University Theatre across the street, and the Wisconsin Union and 
Wisconsin Union Theater down the block and around the corner.

Top-Notch Sound
The team’s goal was to design a building fit for rehearsing and perform-
ing. Acoustics and sound isolation needed to be top tier for exceptional 
performances unlike any other. Our structural engineering team faced 
challenges of isolating sound stemming from busy pedestrian and ve-
hicular traffic (including ambulances) along University Avenue, which 
is one of the city of Madison’s most traveled vehicular streets. Addi-
tionally, noise pollution was expected from doors opening and closing, 
chatter within the lobby, loud HVAC systems, and music played in 
adjacent halls. Each of the music center’s halls (concert, recital and 

rehearsal) and its lobby needed to be isolated from one another, like a 
vault for acoustics. 

Solutions to highly unique problems were inventive, such as the use 
of acoustical isolation joints (AIJs) that were essential to providing 
superior sound isolation around the three individual halls. Acoustical 
isolated construction, an acoustical coffer system and other techniques 
were also employed.

Unique Sound Treatments
The overall structural design that worked perfectly for acoustical re-
quirements and sound isolation was to essentially place three separate 
buildings within one larger building. The concert, recital and rehearsal 
halls are self-supporting, using independent lateral truss systems, and 

Hamel Music Center Uniquely 
Isolates Sound, Producing 
Outstanding Performances
By Steve Roloff, P.E., LEED AP

The Hamel Music Center is the new addition to the University of Wisconsin–Madison’s 
Mead Witter School of Music. The building consists of a concert hall, recital hall and 
rehearsal hall, all open to the campus community and members of the surrounding 

community. The building features superior sound isolation design and construction to 
enhance and treat patrons to performances like they have never experienced.

Upon entering the Hamel Music Center, a large, modern lobby opens to both the 
first and second floors. A monumental staircase winds its way to the second floor, 

or a lobby area that appears to float, due to the structural ingenuity of raSmith’s 
structural engineers. On either side of the lobby is unique zig-zag paneling on the 
walls of the rehearsal and recital halls. These precast panels, which aid in sound 

isolation, were specifically designed for the Hamel Music Center project.

https://strang-inc.com/
http://talaske.com/
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isolated from the large overall building (including the main lobby and 
its required support space) via the acoustical isolation joint. 

The two-inch acoustical joint assembly may be small but its impact is 
critical to the structure: It essentially separates the concert hall from the 
rest of the building framing into, and supported by, the 16-inch concrete 
walls surrounding and serving as part of the hall’s structural system.

A typical joint consists of steel 
beams connected to a steel haunch 
welded to an embedded plate placed 
at the outside face of the hall’s 
concrete wall. Direct steel-to-steel 
contact would transmit noise and 
vibration in the finished building 
and this needed to be avoided. To 
create the isolated joint, a neoprene 
bearing pad was added on top of 
the steel haunch on which the in-
framing steel beam sat via a steel 
bearing plate atop the neoprene pad. 
To secure this connection, a pair of 
threaded studs welded to the haunch 
bolted down the beam. 

To avoid direct contact of the stud’s 
washer and nut to the in-framing 
beam, a neoprene washer was added 
between the beam and stud washer. 
But the problem was not fully re-
solved, as the steel-on-steel contact 
could still occur between the studs 
and the beam and its bearing plate. 
To further eliminate noise transfer, a 

neoprene bushing surrounded the weld stud. This resulted in a connec-
tion design in which no steel touched and eliminated the possibility of 
reverberation. (However, these connections were permitted to transfer 
loads.) The structural design incorporated hundreds of these joints.

Beyond this joint assembly, the concert hall’s perimeter concrete walls, 
soaring to a 70-foot maximum height, easily addressed lateral stability 
needs. The structure outside of the hall was attached to the hall’s walls 
via the acoustical isolation joint. This connection eliminated the need 
for unsightly and costly columns in the structural design. Instead, the 
column-free areas offer unobstructed views of concert performers.

The recital and rehearsal halls utilized double-wall construction. For 
the recital hall, this consisted of an exterior precast wall panel in con-
junction with an interior acoustically isolated concrete masonry unit 
wall. Similarly, the rehearsal hall’s perimeter used a precast panel but 
with an acoustically isolated interior drywall system instead. 

An acoustical coffer system (a series of strategically sized and strate-
gically placed concave and partially or fully hollow circles) line the 
concert hall’s walls. These sizable circles treat sound by absorbing and 
reflecting it, along with the hidden reverberation chamber areas where 
sound actually passes through. The coffer system is visible and fits in 
beautifully with the rest of the hall’s aesthetics. 

Structural Design Enhances Building Aesthetics
The Hamel Music Center’s second floor lobby hangs from the roof 
structure to create a column-free area at the main lobby and a floating 
lobby appearance, with a monumental staircase connecting the two 
levels. The lobby combines ductwork laterally into a curtain-wall sys-

The concert hall is the largest hall in the Hamel Music Center. The hall applies many creative, smart techniques to 
maximize the fine art of acoustics. Circles, better known as an acoustical coffer system, line the walls and ceiling to 
absorb and reflect sound. Two hidden, large (each capable of fitting 14 public transportation buses!) reverberation 
chambers flank either side of the stage. Curved balconies redirect sound back to the audience.

An aerial view of the project: The largest area with circles in the concrete is the 
concert hall; both sides have large reverberation chambers for acoustic treatment. 
Adjacent to University Avenue in Madison, Wis., are the recital hall (left) and 
rehearsal hall (right).
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tem, disguising the necessary pipes while also incorporating them in an 
aesthetically pleasing way. To achieve a crack-free floor appearance, 
the structural design called for a 4-inch drop of the structural concrete 
slab floor. The floor was infilled later with a colored concrete topping 
slab properly jointed and separated from the structural floor.

Unique to the rehearsal hall is its view to the activity on bustling 
University Avenue. A corner of this hall’s double walls was cut open 
and, in its place, sit a double set of windows, providing musicians 
and pedestrians a view of the other. The design application prevents 
outside noise from entering the hall and allows the music to remain 
solely within the rehearsal space.  Double cantilevers and leaning steel 
columns were designed to support the exterior’s zig-zag precast panels 
that float over this corner condition.

Both recital and rehearsal halls feature distinctive exterior wall shaping. 
Beyond aesthetics, these shaped precast panels are sloped in different 
directions and used as part of the mass required for the acoustic outside 
box wall system. In order to make the shapes, molds were designed 
exclusively for this project. A lateral truss system provides the support 
required for these walls, enabling them to stand freely.

A New Star on Campus
Design and construction occurred between 2014 and 2019 at a total 
cost of $55.8 million. And in October 2019, the Hamel Music Center 
celebrated its grand opening. The new recital hall’s capacity nearly 
doubles that of the old recital hall. The concert hall’s stage, unlike that 
of its predecessor, comfortably fits a large group of student-musicians. 

Connection to the community happens through the Hamel Music Cen-
ter. Increased social connections are a direct result of the new building. 
Passersby on University Avenue can catch a glimpse of students at 
practice in the Kaufman Rehearsal Hall. The school’s former recital 
hall used to host 160 performances a year, but the new Collins Recital 
Hall is planned to deliver more than 350 performances year after year. 
Community music instructors may hold lessons within the building, 
and occasional music guests may hold an event here. Digital stream-
ing technology further connects the students’ music to communities 
throughout Wisconsin—and far beyond.

The isolation of the concert, recital and rehearsal halls from one an-
other is completely unlike that of other auditorium and performance 
hall designs. Indeed, the University of Wisconsin–Madison’s School 
of Music Hamel Music Center is a rare project that calls for the fine art 
of acoustics.

STEVE ROLOFF, P.E., LEED AP, structural group leader at raSmith, served as the proj-
ect manager and senior structural engineer for the Hamel Music Center project. 
He has more than 35 years of structural engineering experience. raSmith 
is a multi-disciplinary consulting firm comprising civil engineers, structural 
engineers, land surveyors, development managers, landscape architects, 
and ecologists.

Concert hall acoustical isolation joint

Recital hall sound wall isolation detail
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At an institution steeped in tradition, engineering has been in the 
DNA of Texas A&M University (TAMU) since opening its doors in 
1876 as the Agricultural and Mechanical College of Texas. Combining 
the tradition of engineering education with two of the university’s core 
values, excellence and leadership, TAMU seeks to establish itself as 
the nation’s preeminent institution for engineering research and educa-
tion and lead the charge in transforming engineering education. The 
College of Engineering (COE) is now the largest college within the 
TAMU College Station campus and largest undergraduate engineering 
program in the nation with 22 engineering majors across 14 depart-
ments and over 20,000 students.

According to the President’s Council on Science and Technology, it is 
estimated that more than one million additional science, technology, 
engineering, and mathematics (STEM) degrees will be needed in the 
next decade. The Texas Workforce Commission also projects the need 
for 62,000 more engineers in the next decade. To address the criti-
cal and growing demand for engineers, the TAMU COE launched the 
25 By 25 initiative in 2013, which aims to increase enrollment from 
14,000 students in 2013 to 25,000 students by 2025. The initiative was 
designed to enhance the quality of engineering education and shape the 
engineer of the future by transforming the engineering classroom into a 
21st century model focused on technology-enabled learning, hands-on 
projects, and collaborative, multidisciplinary learning spaces.

As stated by Dr. M. Katherine Banks, Dean of Engineering, “The 25 
By 25 initiative is not just about increasing enrollment, but also about 
providing better instruction and opportunities. We will transform engi-
neering education to mold the engineer of the future.”

The first major step toward this goal was the completion of the Zachry 
Engineering Education Complex (ZACH) which is focused entirely on 
undergraduate education. The ZACH stands at 525,000 SF and was 
achieved by renovating the original 300,000 SF building, adding a 
vertical expansion onto the building, and adding two, new five-story 
lateral additions. As a company that employs many graduates of the 
TAMU Department of Civil Engineering, we were honored to provide 
structural and civil engineering, and surveying services to TreanorHL 
Architects on this highly important project.

Originally opened in 1972, the H.B. Zachry Engineering Center served 
an enrollment of 15,000 students. The original Zachry building fit the 
traditional model of 1970s academic facilities: faculty offices, dean’s 
suite, enclosed research laboratories, tiered classrooms, large lecture 
halls, and underutilized atrium space. While the building was iconic for 
engineering students, it lacked energy and failed to provide the multi-
disciplinary, interaction, and collaboration spaces that truly enable 
engineering students to succeed in today’s environment.

As was common in the 1960s and 1970s, the building was designed 
in the brutalist style of architecture with large monochromatic precast 
concrete panels covering approximately 75 percent of the building 
exterior, which many considered to be an eye-sore. The structure did 
have some cutting edge design techniques and creative solutions, such 
as the load-bearing precast concrete façade, two-way post-tensioned 
joist “waffle” slabs, precast concrete double tees for the basement wall, 
Vierendeel steel trusses across the atrium clerestory, and was designed 
for vertical expansion. However, the large sloped-floor lecture hall, 
tiered classrooms, and large atrium posed challenges for reconfiguring 
to accommodate smaller active learning classrooms and lab space.

The solid interior finishes, compartmentalized interior layout, and 
precast façade did not provide transparency or foster excitement about 
engineering. The first question posed to us at the project kick-off 
meeting was “How are you going to make all of the exterior precast 
concrete disappear?” It was made abundantly clear to us that the COE 
did not want to see any of the original precast concrete façade. This 
created a significant challenge because the precast concrete served 
as the perimeter support for the concrete superstructure. This set the 
tone for the project and we quickly realized that the project was going 
to have some unique challenges that would allow us to showcase our 
ingenuity and creativity.

The project was broken down into three distinct phases: Deconstruc-
tion, Reconstruction, and Expansion.

Deconstruction and Site Challenges
The first phase of the project involved issuing a demolition package 
to cover removal of all building finishes, HVAC services, and major 
structural demolition. In addition to removing the load-bearing precast 
concrete panels, structural demolition also involved the large sloped-
floor lecture halls, steel Vierendeel trusses at the clerestory, interior 
stairs, mezzanine structure, and portions of the existing floors and roof.
The precast concrete panels were 10-feet wide C-shaped columns 
at 16-feet, six inches on-center with a void space in the middle that 
served as mechanical exhaust. The precast columns were supported 
by cast-in-place concrete columns between the basement and level 1. 
To further complicate matters, the existing grade was approximately 
seven feet above level 1 on the north, east and west sides of the build-
ing and the main entrance(s) to the building occurred at level 2. The 
existing basement wall was located eight feet beyond the building face 
and consisted of precast concrete double-tees. A structurally spanning 
concrete sidewalk was present, which braced the basement wall back to 

Reengineering an Icon
By Carlo Taddei, PE

Original H.B. Zachry Engineering Building (Southeast Corner)
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the building structure. Where grade extended above level 1, a concrete 
upturned beam supported the precast columns and structural sidewalk.
The new building program called for the grade to be lowered and entry 
to the building relocated to level 1 on the east, west and south sides. 
This required the existing structural sidewalks, basement walls, and 
upturned beams to be demolished above level 1. Permanent steel shor-
ing was installed to laterally brace the existing basement wall back to 
the existing building columns during demolition.

In order to remove the precast concrete columns without having to 
temporarily shore the structure, a new permanent support system was 
designed consisting of a 16 inch thick cast-in-place concrete basement 
wall along the north, east and west sides of the building and steel 
columns to support the floors and roof. The grade along the south 
side was unchanged, so steel transfer girders were designed to span 
between existing building columns to support the new steel columns. 
The steel columns were fabricated with steel “haunches” on the inside 
face, which permitted the columns to be installed outboard of the floor 
structure and run full height of the building.

Close coordination with the construction manager was required to 
ensure work was properly sequenced since columns had to be “fished” 
down the void space in the precast columns with the steel haunches 
turned parallel to the floor spandrel. Once the columns reached the bot-
tom, they were rotated 90-degrees to position the haunches below the 
floor framing. After the steel columns were plumb and the haunches 
shimmed, the precast columns were demolished from the top down.

Once the precast columns were removed, steel beams were installed 
between the steel columns around the perimeter of the building at each 
level, creating a steel “exoskeleton”. Concrete slabs were then installed 
at each level to extend the floor out to support the new façade, which 
was outboard of the new steel framing.

As the new focus of the ZACH was aimed at “learning by doing,” the 
large lecture halls in the original building were replaced with smaller 
active learning classrooms. This required reconfiguring the center core 
of the building, including demolition of the large concrete-framed lec-
ture halls. Since the main entrances to the building were reestablished 
at level 1, a 12,000 SF section of the post-tensioned waffle slab at level 
2 was demolished to extend the new central atrium to level 1.

As part of the teaching and research program, the original building 
housed a 60-year-old, 5W nuclear reactor that had to remain operation-
al during the demolition phase until it could be decommissioned and 
relocated. This required special detailing and sequencing of demolition 
to work around the reactor room to avoid disturbance.

Reconstruction
The interior core of the building was reconstructed with structural 
steel infill framing and a new central “learning stair” between levels 
1 and 3 to allow students to study and collaborate. Steel bridges at 
each level connect the two sides of the atrium and support the stairs. 
The new infill structure had to be carefully planned and new columns 
strategically placed to minimize impact on the existing structure. New 
steel wide-flange columns were “punched” through the post-tensioned 
waffle slab at level 1 and carried down to the basement. New concrete 
transfer beams and drilled under-reamed piers were installed to support 
the new columns.

With the precast façade removed, new limestone cladding and curtain-
wall was introduced to provide a more transparent and aesthetically 
appealing structure. 

Expansion
Per the original construction documents, the building was designed to 
accommodate two levels of vertical expansion.  JQ verified this as-
sumption by analysis of the structural framing. To better relate with the 
five-story building additions on the north and south sides, only a por-
tion of the existing building was vertically expanded. Structural steel 
was used for the vertical expansion to reduce weight. Approximately 
half (32,600 SF) of the existing roof was converted into a new fifth 
floor level and approximately 6,600 SF consisted of a two-story expan-
sion to accommodate a mechanical penthouse.

Reconstruction of Interior Core Including New Learning Stair

Completed Active Learning (Seating) Stair and Skyligh. Photo: Randy Braley.
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In order to bring natural light into the building, a new 3,500 SF split-
level skylight was designed to run down the spine and span across the 
central atrium. The 165-foot long skylight begins at the existing roof 
level (level 5) at the west end, turns vertical up the building face and 
ends at level 6. The skylight has a tapered design with the west end 
four feet wide and the east end 42 feet wide. A 2,700 SF section of the 
existing concrete roof structure had to be removed to accommodate the 
skylight. The upper skylight support frame consisted of a “tabletop” 
roof with a center ridge and hipped corners that were rigidly connected 
for lateral stability. The skylight support elements consisted of hollow 
structural shapes (HSS).

The two building additions occurred on the north and south ends of the 
original Zachry building and added 185,000 SF over five levels. The 
north addition contained a 9,500 SF mechanical penthouse (level 6) 
even with the vertical expansion over the existing building. The two 
building additions are cast-in-place concrete superstructures with a 
wide-module pan joist floor system. 

A major challenge for the additions was the location of new columns 
and foundations in proximity to the existing building. The foundation 
system for the additions and existing building consisted of under-
reamed piers which were large due to the high dead load from the 
concrete structure. The columns were pulled back approximately 10 
feet from the existing building to accommodate large MEP chases to 
route utilities from the basement level. Even with the offset columns, 
additional foundation offsets and deep cantilevered strap beams were 
required to support the columns to avoid conflicts with the existing piers.

To achieve the aesthetic quality and daylighting strategies that the 
architect desired, the project had an abundance of steel sunshades, 
screens, canopies, and trellises. The trellis over the south addition had 
the longest cantilever, 36 feet with a back-span of only 22 feet. The 
cantilevered beam consisted of a W44x262 and suspended a three-
story “billboard” wall clad with perforated metal panels and contained 
cantilevered 18 inch square HSS beams at each level to resist out-of-
plane wind loading.

Sustainable Design
By utilizing over 80 percent of the original 300,000 SF structure, con-
struction waste was reduced, and carbon emissions significantly de-
creased thereby reducing negative environmental impact of traditional 
new construction. The ZACH is now the largest academic building on 
campus at 525,000 SF and is accessible to engineering students 24/7, 
which increases the utilization factor and efficiency of the building. 
The ZACH is large enough to fit two Boeing 747’s placed end to end!
The project also features a 13,000 SF landscaped (green) roof and a 
2-acre outdoor green space known as the Engineering Quadrangle 
(E-Quad). The E-Quad contains a food truck park, rain garden, 
engineering-focused artwork, seating benches, and picnic pavilions, 
uniting students from all around campus. Both green spaces contain 
sustainable materials and low-maintenance native planting.

Rethinking Engineering Education
The facility contains technology-enhanced active-learning studios, 
interdisciplinary laboratories, 60,000 SF of makerspace (a design cen-

ter containing machining and fabrication equipment), a student career 
center, study and gathering spaces, engineering-inspired art, and a 
green roof where outdoor lectures can be conducted. Interior floor-to-
ceiling storefront provides visual access into the fabrication center and 
engineering laboratories to put engineering education and experiments 
on full display. Both the function of the facility and the building itself 
present a positive public image of engineering excellence. As Michael 
K. Young, President of Texas A&M University, stated at the dedication 
ceremony, the Zachry Engineering Education Complex is a “stunning 
feat of engineering.”

The ZACH is not only a display of engineering excellence but a world 
class facility that brings engineering to the forefront and further ce-
ments Texas A&M University’s status as a national leader in engineer-
ing education. The building itself serves as a recruiting tool attracting 
the best and brightest students and professors to TAMU for generations 
to come.

Completed Building Southeast Corner Photo: Randy Braley.

Completed Building, Food Truck Park and Engineering Quad. Photo: Randy Braley.

CARLO TADDEI, PE is a Principal, Higher Education and K-12 Market Sector 
Leader, and Fort Worth Office Lead for JQ Engineering. He served as Engineer 
of Record for the TAMU ZEEC. Founded in 1984, JQ provides structural and 
civil engineering, geospatial and facility performance services throughout the 
United States. The firm is considered a leader in engineering design innovation 
and technology to support its complex, multi-state and multi-market projects. 
Nationally, JQ has been recognized as a “Best Place to Work” and as a “Hot 
Firm” by Zweig Group.  JQ has offices in Austin, Dallas, Fort Worth, Houston, 
Lubbock, and San Antonio.  For more information, visit the company’s website 
at: www.jqeng.com.
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With the 2019-2020 school year cut dramatically short by the CO-
VID-19 pandemic, public and private school systems and higher 
education institutions across the nation are exploring strategies today 
to prepare their buildings for a safe return to school this fall. Appropri-
ately operating and maintained HVAC systems will play a critical role 
in creating a safe environment—and in building trust from staff and 
parents as these buildings are reoccupied. 

As the Philadelphia Federation of Teachers recently learned from a 
13,000-member survey, teachers are adamant that they will not return 
to school until facilities are in adequate condition.  Schools that do 
not have a plan in place for a safe reopening will be hard-pressed to 
bring faculty and students back to the classroom. This plan should also 
address occupant perceptions of an unsafe building that may become 
conflated with COVID-19. 

While there are abundant recommendations for reopening schools, it 
will be important that each school address their specific mechanical 
needs based on available resources, school demographics and specific 
building characteristics to create an effective approach to achieve their 
safe reopening and re-occupancy. Further, schools should periodically 
reassess their plans as communities move into different phases of re-
opening and deeper knowledge of response to COVID-19 
becomes available.

A varied response 
Across the board, schools are being advised to create layered control 
strategies, focusing on de-densifying classrooms, increasing physical 
spacing, improving ventilation, upgrading filtration, and considering 
supplemental air cleaning. Increased ventilation of spaces using clean 
air has proven to be an important and effective tool in helping prevent 
the spread of COVID-19 as it dilutes the concentrations of the virus in 
the air. Although Centers for Disease Control and Prevention (CDC) 
recommendations focus largely on disinfection and social distancing 
protocols, it offers brief guidance on school mechanical systems: 

“Ensure ventilation systems operate properly and increase circula-
tion of outdoor air as much as possible, for example by opening 
windows and doors. Do not open windows and doors if doing so 
poses a safety or health risk (e.g., risk of falling, triggering asthma 
symptoms) to children using the facility.” 

The American Society of Heating, Refrigerating and Air-Conditioning 
Engineers (ASHRAE) provides more robust guidance to help schools 

identify specific opportunities for increasing ventilation.  However, it’s 
important to note this guidance is being updated on an ongoing basis 
on the ASHRAE website, www.ashrae.org, as research around SARS-
CoV-2 evolves.

The challenge, of course, with this broad advice is that there are a 
wide variety of natural, mechanical (both local and central) and hybrid 
mechanical systems operating in schools across the country. More-
over, many older schools, particularly public K-8th grade facilities, 
may be challenged in achieving adequate air distribution in the class-
rooms due to the age and limitations of their HVAC systems. Many 
of these systems may struggle to meet pre-COVID code requirements 
or ASHRAE recommended ventilation rates, as highlighted in a June 
2020 Government Accountability Office report.  This report concluded 
that more than 40 percent of the nation’s school districts need to update 
or replace systems, including HVAC and plumbing, in at least half of 
their schools. That amounts to approximately 36,000 schools begin-
ning their COVID-19 response plan at a disadvantage. 

However, this report also offers a starting place. Schools must begin 
by examining their own ventilation systems for maintenance needs and 
opportunities to increase ventilation. HVAC and other routine mainte-
nance will become absolutely critical in creating a safe environment. 

Must-do maintenance for HVAC equipment
Today, school facility managers have an incredibly strong and very 
valid case for growing their maintenance budget, so this is no time to 
hold back on inspections and identifying needed corrections or delay-
ing preventive maintenance. 

The first step is to begin with a review of existing systems to ensure 
they're performing as intended. That includes examining air handling 
systems to make sure dampers are connected, fan belts are in good 
condition and appropriately tensioned, cooling and heating coils are 
functional and working appropriately, filters are being maintained, etc. 
This also includes ensuring general cleanliness of units, condensate 
drain pans, and related components. Further, knowing the actual flow-
rates for both outdoor air and recirculated air for each space that is 
intended for reoccupancy is essential in helping decide upon allowable 
class sizes.

Now is also the time to review common historic complaints about 
indoor air quality to identify patterns or problem areas. Any existing 
maintenance concerns must be addressed because they can give the 
impression of poor indoor air quality and erode faculty and parent trust 
in the building’s safety. 

Today’s maintenance activities should also include putting a plan in 
place for managing both routine preventive maintenance as well as the 
actions that may be needed to address potential system trade-offs that 
may be associated with increasing ventilation rates. The most signifi-
cant of these is likely be to thermal comfort. By increasing outdoor air 
ventilation beyond design limitations, you risk sacrificing comfortable 
temperature and indoor humidity levels. More than uncomfortable, this 
could heighten occupant concerns about the overall health and safety 
of the building. 

Preparing Schools for 
a Safe Reopening: 
Recommendations for HVAC 
Maintenance and Support 
By Brian Baker, P.E. and John McCarthy, Sc.D., C.I.H.

http://www.ashrae.org
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In addition, there is the potential that increasing outside air ventilation 
without accompanying dehumidification can increase the likelihood of 
condensation on interior building components such as piping and duc-
twork. This can lead to the deterioration of building materials and the 
potential for future mold problems. Working with your HVAC engineer 
can help maintenance teams prepare for possible implications of in-
creasing outdoor air ventilation through building air handling systems. 
It’s also critical that facilities staff work closely with school administra-
tors to keep abreast of the potential for reduced occupancy loads. Many 
school systems are evaluating partially digital schedules to reduce the 
number of students in a facility at a given time, thereby increasing the 
ability to keep adequate social distance between people. This reduced 
occupancy will improve the effectiveness of ventilation given that 
reduced occupancy means less potential contaminant or viral sources 
within the space as well as essentially increasing outdoor air ventilation 
rates per person, based on the lower number of occupants in the space.

Address shutdown-specific risks 
CDC recommends specific actions be implemented by facilities staff 
if the building or systems were shut down, or usage was dramatically 
curtailed, for prolonged periods of time prior to re-occupying. Unless 
there was a program in place during the shutdown to regularly “flush" 
water systems, potential Legionella contamination, must be addressed 
now. Stagnant water can result in ideal conditions for bacteria like 
Legionella to grow. While Legionnaire’s disease poses its own risks, 
it’s important to note that it presents symptoms similar to those seen 
in COVID-19-infected patients and similarly affects vulnerable popu-
lations. Addressing Legionella is a critical safety step and will also 
reduce the risk of another school closure. 

The CDC outlines several steps to take to minimize the risk of Legio-
nella prior to reopening a school facility.  The first step should be to 
create a water management plan that identifies high risk areas for water 
to stagnate, such as dead legs or unused taps or showers, and outlines 
steps to correct each problem. 

Next, flush the building’s water systems with all terminal devices on a 
branch opened at the same time for a minimum of five minutes. Ensure 
hot water systems reach the maximum heat available. If these systems 
have not been flushed throughout the shutdown, there is a risk of invit-
ing residual bacteria into the area where the test is being performed. In 
this case, be sure to work in a well-ventilated area and wear appropriate 
personal protective equipment, including a properly fitted N95 respirator. 

Finally, perform cleaning in all areas where stagnant water is possible. 
This includes clearing running drains to eliminate standing water, 
cleaning gym and dormitory showers and checking cooling towers 
for proper operation and chemical treatment for scale, corrosion and 
biocide. For buildings or populations at highest risk, consider proactive 
sampling for Legionella. 

Options for filtration and air cleaning
While maintenance will play a critical role in supporting higher levels 
of ventilation, schools are also looking to invest in other products to 
strengthen their infection control response. 

ASHRAE advises increasing filtration at the air handling unit to limit 
the spread of viral particles recirculated through the return air system. 
The association’s guidance suggests MERV 13 filters as preferable as 
these filters are able to capture particles as small as 0.3-1.0 microns 
with reasonable efficiency.  However, few of the older school HVAC 
systems will be able to accommodate the recommended minimum 
MERV 13 filters. Higher efficiency filters add a restriction to the air-
flow and without compensating for this restriction, result in a decrease 
in airflow. To make up for this, schools are looking to utilize portable 
air filters with HEPA filtration for each classroom. If this is an option 
your school is considering, it’s best to act now. Obtaining HEPA filters 
and portable purifiers could become more challenging in the fall as 
demand increases.

In addition, some schools are exploring UV-C and ionization solutions 
as a potential avenue for limiting the spread of viral particles. ASHRAE 
provides guidance on the use of UV-C for in-duct air disinfection and 
surface disinfection and although there are specific applications where 
this technology is effective in degrading viruses, the products are not 
considered plug-and-play solutions. To be effective, a UV-C system 
must be appropriately designed into the existing HVAC system(s) and 
its output matched with the system’s airflow. Consult an experienced 
design professional if considering the use of UV-C. Regarding ioniza-
tion, there is limited information about the effectiveness of this tech-
nology in commercial HVAC systems and this should be considered 
when evaluating its use and installation costs. 

Budget for critical improvements 
While recommended maintenance activities may stretch school bud-
gets, these activities are critical to ensure student and staff safety. For 
many schools, it will be a matter of bringing mechanical systems up 
to current code performance and catching up on too long deferred 
maintenance. For others, it may mean investing in the staff to perform 
routine maintenance or forging relationships with HVAC contractors or 
consultants to supplement the in-house team. 

Schools are also likely to see an uptick in operational costs. Among 
other recommendations ASHRAE advises extending HVAC system 
operating hours compared to typical occupied hours to provide an in-
creased ventilation rate prior to and after occupants leave the building. 
This increased energy use can drive up energy bills. 

However, this is but one more reason why it is critical to outline today 
the steps necessary to safely reopen and identify the potential impacts 
of each step. Preparing early gives schools time to brace for budget 
impacts. It also gives facilities managers time to help project where in-
vestments are most needed and how to minimize the overall impact on 
the building. By preparing today, schools can minimize the impact of 
COVID-19 on their budgets and their communities and create a build-
ing environment that is both welcoming and safe for its occupants. 
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In the past month, Zweig Group has been preparing to announce all of 
our 2020 Award Winners. This has been especially important for us this 
year as we honor the outstanding firms in this industry during a time 
like none other than we have seen. The “celebrate” tenet of our mission 
has taken on a whole new meaning given all of the challenges we are 
all facing right now. Even though celebrations of our accomplishments 
may look a bit different in 2020, celebrating those accomplishments in 
some way is more important now more than ever. Beyond the physical 
or virtual celebrations, I want to dive into a bit of the data to celebrate 
some great statistics to come out of this year’s Hot Firm and Best 
Firms To Work For data.

Sharing revenue data firm-wide is a great tool to help create a positive 
and open culture at your firm. It helps keep all employees informed 
about the health and strength of the company. The percentage of firms 
that share revenue data at least annually rose quite dramatically in 
2019. 88 percent of firms share their revenue data at least annually 
compared to 79 percent in 2018.

The Best Firms To Work For don’t just offer a great work environment.  
They also compensate their employees and take care of them 
financially. 92 percent of permanent staff received a pay raise in 2019, 
and no firms administered pay cuts. Firms also paid out and average of 
over $8,500 in bonuses per employee last year. The average number of 
PTO days was just under a total of 20 days per year and the number of 
paid holidays was 9 per year. 

2020 has presented a number of unique challenges including the 
COVID-19 pandemic. Firms have had to completely re-adjust how 
they conduct business and how to best take care of their employees. 
There is a silver lining given these challenges. 92 percent of employees 

have been satisfied or very satisfied with their firm’s COVID-19 
response. This shows that our industry has been about to adjust well the 
such a unique challenge. Another good sign is that employees ranked 
communication the lowest of challenges working remotely. Normally, 
communication is considered one of the weaknesses for firms in the 
AEC industry. Hopefully, we can at least keep up good communication 
once things get back to the new normal.

We did see some very impressive growth from our Hot Firm winners 
this year. The average dollar revenue growth from the end of fiscal 
year 2016 to the end of fiscal year 2019 was $31.5 million which 
is $2.6 million higher than the average for 2019 Hot Firm winners. 
The average percentage growth rate held steady year over year at 81 
percent. The average Gross Service Revenue per FTE is up slightly 
over 2019 at $204,500. This is great news. It shows that there is real 
growth going on in the industry, helping to create and retain good, high 
paying jobs. This is something we can all celebrate right now.

Zweig Group’s Awards Program, Hot Firm, Best Firms To Work For, 
Marketing Excellence, Rising Stars, Top New Venture, and Jerry Allen 
Courage in Leadership, offer such a wide variety of ways for firms in 
the AEC industry to honor and celebrate their achievements. I wish 
I could go through all of the impressive data that we get through the 
awards, but I am glad I can celebrate some of the real highlights from 
the 2020 award winners. Things are certainly very tough right now, 
and we recognize and appreciate that. Don’t let that stop you from 
celebrating what makes your firm so great!

KYLE AHERN is the Awards Manager at Zweig Group. He can be reached at 
kahern@zweiggroup.com.

mailto:kahern@zweiggroup.com
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Vice President of Municipal Services
WSB
Minneapolis, Minnesota

Heil is a civil engineer who has served Minnesota communities for over 15 years.  She 
is a civil engineer with a deep understanding of the operational and maintenance needs 
associated with municipal engineering.  Heil is known to attack projects and challenges 
head on, which led to her being named to WSB’s second-highest leadership position.  This 
position allows her to continue having a profound impact on the communities she serves. 
Accomplishments:
• Street Reconstruction Projects, Lakeville, MN, Project Engineer and Manager
• Street Improvement Project. Rosemount, MN, Project Manager
• Holyoke Avenue and Lakeville Area Arts Center Improvement Projects, Project Manager
Public/Professional Service: American Public Works Association—Minnesota Chapter
(APWA-MN), Chair, Executive Committee
Education: B.S. Civil Engineering, University of Minnesota—Twin Cities

Project Manager
LJA Engineering
Houston, Texas

Josh Shaver has been practicing in the oil and gas pipeline, process, energy, industrial 
facilities, and OEM equipment fields since 2007.  He began working in the LJA Engineer-
ing Energy sector as a junior engineer, climbing the ranks upwards through Senior Project 
Engineer, and now Project Manager.  This rise is due in part to his ability to lead other 
engineers and quickly adapt to the changing needs of clients.
Accomplishments:
• Pipeline Construction Projects (8” and 6”), Various Locations
Public/Professional Service: Professional Engineering Licensure in 15 states across the
U.S., American Society of Mechanical Engineers, member, Gas Machinery Research
Council, Project Supervisor Committee
Education: B.S. Mechanical Engineering, University of Texas—Arlington

Rising stars in civil engineering

Monica Heil, 
Pe

Josh Shaver,
Pe
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Executive Vice President
Patel, Greene & Associates, LLC
Bartow, Florida

Gordon Greene has built a career upon management, leadership, and public service.  He 
has been an integral part of PGA’s 5-year strategic plan and has helped grow the firm from 
its initial two employees to now over 75.  Greene is also active within his community, 
serving several projects and projects throughout Bartow and the state.
Accomplishments:
• Polk Pathway 3D/AMG Pilot Project (Florida Turnpike), Project Manager, Roadway 
Engineer of Record
• West Pipkin Road Widening, Polk County, FL, Project Manager, Roadway/Drainage 
Engineer of Record
• SR 64 at Rye Road Roundabout (FDOT District One): Deputy Project Manager, Drainage 
Engineer of Record
Public/Professional Service: American Council of Engineering Companies of Florida 
(ACEC-FL), member, Florida Engineering Society, Ridge Branch, Florida Engineering 
Leadership Institute (FELI)
Education: M.B.A., University of South Florida, B.S. Civil Engineering, University of 
South Florida
 

Project Manager/Senior Drainage Project Engineer
Patel, Greene & Associates, LLC
Winter Park, Florida

Elizabeth (Liz) Bartell has only recently transitioned to project management within the last 
two years, but the amount and quality of her work is exceptional.  In the last year alone, 
Bartell has been the Drainage Engineer of Record for over fifteen FDOT projects, being 
project manager for two of them.  Colleagues and coworkers praise Bartell for her ability 
to juggle multiple issues and deadlines in an organized and efficient manner.
Accomplishments:
• Polk Parkway Resurfacing and Safety Upgrades Project (Florida Turnpike Enterprise), 
Drainage Engineer of Record
Public/Professional Service: American Society of Civil Engineers (ASCE), Turnpike 
Liaison Committee, Women’s Transportation Seminar (WTS), Florida Water Environment 
Association (FWEA), local chair, ElevateHer, Class of 2020
Education: M.B.A., University of Florida, M.S. Industrial and Systems Engineering, 
University of Florida, B.S. Engineering Science, Smith College

Gordon Greene,
Pe

elizabeth bartell,
Pe
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Regional Manager, Manager of Aviation Planning Services
KSA Engineers, Inc.
McKinney, Texas

Michael Malonee began his career in Aviation planning in 2006 and has risen rapidly.  His 
career interests have ranged from encouraging students to pursue careers in aviation to 
developing master airport plans in the North Texas region.  Malonee currently oversees 
commercial and general aviation projects across the Southwest region.
Accomplishments:
• Austin Bergstrom International Airport (ABIA) Planning
• $1.7 Billion Capital Improvement Program
Public/Professional Service: North Texas Super Bowl Host Committee Aviation Action 
Team, member, Ground Transportation Coordination Team, chair, Fort Worth, Irving, 
McKinney-Independent School District(s) Aviation Advisory Committee(s), member, Air 
Transportation Technical Advisory Committee (ATTAC), staff liason, Aircraft Owners and 
Pilot Association, member, American Association of Airport Executives, member, Ameri-
can Planning Association, member
Education: B.S. Aviation Management, Southern Illinois University, M.S. Aeronautical 
Science, Embry Riddle Aeronautical University
 

VP/Structures Group Manager
Patel, Greene & Associates, LLC
Temple Terrace, Florida

Joseph Losaria has been involved in over 30 bridge projects over his 19-year career.  On 
top of that, he has also served as the Engineer of Record on six bridges in his home state 
of Florida.  Losaria has extensive project design experience from short span bridges to 
complex multi-span bridges.  He also provides invaluable research for the Florida Depart-
ment of Transportation as they apply Fiber Reinforced Polymer (FRP) materials in 
highway structures.
Accomplishments:
• US 41 over North Creek and Catfish Creek, FDOT, Structural Engineer of Record
• Valee Road over Blue Creek, FDOT, Project Manager/Roadway Engineer of Record/
Structural Engineer of Record
• Fort Lauderdale Airport Runway/Taxiway Extension over US 1, engineer
Public/Professional Service: American Society of Civil Engineers, member, Florida 
Engineering Society, member, Florida Engineering Leadership Institute (FELI), 2018 
graduating class
Education: M.S., B.S from University of South Florida

Michael Mallonee

Joseph Losaria,
Pe
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Armita 
Mohammadian,
PhD, PE

Senior Project Manager/Civil Engineer
Lea & Braze Engineering
Hayward, California

Cooper Allison has been busy early in his career, serving as lead civil designer and project 
manager for over a hundred different projects.  He has also demonstrated his passion for 
the profession by engaging with clients and building a strong team by mentoring new civil 
engineers; he now oversees a team of four full-time engineers and two civil technicians.  
Allison’s mentorship is active, and he encourages his staff to pursue licensure.
Accomplishments:
• Ellison Conservation Center for Wildlife Care (Peninsula Humane Society)
• Habitat for Humanity, Capitol Way Project
Public/Professional Service: Habitat for Humanity
Education: B.S. in Civil Engineering, California Polytechnic State University, San 
Luis Obispo

Senior Research Engineer
FDH Infrastructure Services
Raleigh, North Carolina

Dr. Mohammadian’s contributions to the engineering profession have been profound.  Her 
ability to foster dynamic, multidisciplinary collaborations, combined with an unwaivering 
pursuit of creative solutions to the problems of aging infrastructure, help drive technologi-
cal innovations that support the resilience and longevity of critical infrastructure in our 
increasingly interconnected world.
Accomplishments:
• U.S. Air Force, Concrete Facilities Assessment, Lead Research Engineer
• KPR India, Foundation Investigation, Lead Research Engineer
• U.S. Army Corps of Engineers, Engineer Research and Development Center, Lifecycle 
Characterization Principal Investigator
• U.S. Army Corps of Engineers, Engineer Research and Development Center, Underwater 
Inspection, Lead Investigator
• Louisiana Transportation Research Center (LTRC), Primary Technical Reviewer
Public/Professional Service: Transportation Research Board (TRB), National Academy 
of Sciences, Affiliate Member, Deep Foundations Institute, member, American Wind 
Energy Association, committee member, American Society of Civil Engineers, member, 
Structural Engineering Institute, member
Education: B.S. in Civil Engineering, Khaje Nasir Toosi University of Technology (Teh-
ran, Iran), M.S. in Civil/Structural Engineering, Sharif University of Technology (Tehran, 
Iran), Ph.D. in Civil Engineering, North Carolina State University

Cooper Allison,
Pe, PLS

Rising stars in structural engineering
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Associate
Arup
Los Angeles, California

Dr. Gogus began her career with Arup in 2010 and quickly climbed in the industry. She 
has worked on 30 projects to date, holding roles such as lead structural engineer, project 
manager, peer-reviewer, performance based seismic design specialist, and advanced seis-
mic analyst.  Furthermore, Dr. Gogus was awarded the SEAOC Nabih Youssef Young 
Engineers award for two projects.
Accomplishments:
• Basaksehir Pine and Sakura City Hospital, Istanbul, Turkey, Project Manager and Lead 
Structural Engineer
• Scripps Mercy Hospital, San Diego, California, Design Lead
Public/Professional Service: Earthquake Engineering Research Institute, member, Struc-
tural Engineers Association of California, member, American Society of Civil Engineers, 
member 
Education: B.S. in Civil Engineering, Middle East Technical University (Ankara, Turkey), 
M.S. in Strucutral Engineering, University of California, Los Angeles, Ph.D. in Structural 
Engineering, University of California, Los Angeles

Project Engineer
Thornton Tomasetti
New York, New York

Samantha Brummell has earned the title of Rising Star early in her career.  She has al-
ready become a licensed engineer, fulfilled a need for a young members group within the 
structural engineering community, and was been elected to leadership positions.  These 
accomplishments exemplify one of Brummell’s strongest traits: the ability to recognize 
and fulfill needs.
Accomplishments:
• Kennedy Space Center (NASA), Facilities Department Construction
• Brooklyn Methodist New York-Presbyterian Hospital
• Greenwich Lane Condominiums
Public/Professional Service: SEAoNY Student Outreach Committee, chair, SEAoNY 
Young Members Group, founder, NCSEA Code Advisory Committee, General Require-
ments Subcommittee, records keeper
Education: B.S. in Civil Engineering, Cornell University, M.E. in Structural Engineering, 
Cornell University

Aysegul Gogus, 
phd, PE, SE

Samantha E. 
Brummell, 
PE, M. ASCE
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The Interstate 35 corridor, between San Antonio and Austin, is one of 
the fastest growing regions in the United States. According to projec-
tions from the Texas Water Development Board, the corridor popula-
tion is expected to grow from 4.27 million in 2014 to 5.71 million in 
2030— a 34 percent increase. 

To meet the long term water needs resulting from this growth, the Al-
liance Regional Water Authority (Alliance Water), formerly the Hays 
Caldwell Public Utility Agency (HCPUA), has been working on a 
massive water supply project. The $450 million project, which will 
be completed in 2023, will deliver 22,000 acre-feet of treated drinking 
water per year, enough to serve several communities in the corridor 
until 2040. 

Planning and Partnerships
The project’s planning began 17 years ago when the Hays County cit-
ies of San Marcos, Kyle, Buda and the Canyon Regional Water Author-
ity, which supplies water to portions of central and south Texas, 
banded together. 

“All the nearest water sources were fully allocated, and the area 
continued to grow very rapidly,” said Graham Moore, P.E., Alliance 
Water’s Executive Director. “The utilities dealt with this by instituting 
stringent water conservation measures while simultaneously investing 
in a future water supply.”

A feasibility study, performed by Lockwood, Andrews & Newnam, 
Inc. (LAN), a national planning, engineering and program manage-
ment firm, identified the Carrizo-Wilcox Aquifer in eastern Caldwell 
County as the nearest groundwater source that will be able to deliver 
a large volume of high-quality water year-round to all the participants. 
For the next nine years, Alliance Water negotiated water leases with 
landowners and obtained permits from conservation districts to pump 
the groundwater from the aquifer. This was followed by a multi-year 
planning process to determine the infrastructure needed to produce, 
treat and deliver water to all the participants. 

During the planning phase, Alliance Water decided to split up the proj-
ect into two subphases – Phase 1A and Phase 1B.  Phase 1A, which 
is much smaller than Phase 1B, consists of two segments of 24-inch 
diameter pipeline totaling five miles and a booster pump station to con-
nect the water systems of Kyle and Buda. 

“The City of Buda needed water sooner than anybody else,” said 
Moore. “They are also our smallest participant. We worked out a sys-
tem where the cities of Kyle and San Marcos can share their excess 
water to meet Buda’s needs until the long-term Carrizo-Wilcox water 
becomes available.”

Phase 1B
The bigger and more significant piece of this program is Phase 1B.  
This phase includes the design and construction of a new 22,000 acre-
feet per year pump station, a 19.5 MGD treatment plant, a well field 
with 11 stainless steel wells, two miles of raw water lines, 95 miles 
of treated water pipelines ranging in diameter from 24 to 42 inches 
that will be built in five segments, an administration, operations and 
maintenance facility, and connection points to all the stakeholders.

In 2018, as Phase 1B began, the Guadalupe Blanco River Author-
ity (GBRA), another regional water provider that serves the cities of 
Lockhart, New Braunfels and Goforth SUD, partnered with the Alli-
ance Water. This agreement will double the project’s ultimate output of 
15,000 acre-feet per year, allowing both organizations to save tens of 
millions each from cost sharing throughout the life of the system, and 
reduce the project’s environmental impact.

“Some of GBRA’s customers were already located along our planned 
pipeline routes,” said Moore. “Instead of building a new pipeline, 
GBRA agreed to bring its raw water to our treatment plant, where we 
will treat and transmit by oversizing the treatment plant and transmis-
sion pipelines. This collaboration has allowed us to work in tandem to 
improve the project’s economies of scale.”

Rapid Growth Spurs Massive 
Water Project
By Travis Michel, P.E.

Aerial view of 24-inch pipe installation

Phase 1A Booster Pump Station
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Major firms involved in Phase 1B include: Kimley-Horn & Associates 
Inc. as program manager, LAN for easement acquisition, Blanton & 
Associates for environmental services, LNV Inc. for raw water system 
design, Walker Partners for water treatment plant design, Freese & 
Nichols Inc. for pump station design, and Plummer for the elevated 
storage tank design. The five segments of the treated water pipelines 
are being designed by LAN, Walker Partners, BGE, Inc., Freese & 
Nichols, and K Friese + Associates. 

Project Challenges
The scale and complexity of the project has created numerous chal-
lenges. Chief among them is the coordination required between the 
different water entities and the various firms involved in the project. 
With a full-time staff of only two people, Alliance Water outsourced 
the project’s design and hired Kimley-Horn to manage the program 
and track all the moving pieces.

“From producing design standards to ensuring cohesion among the 
design packages, the program requires a lot of coordination,” said 
Moore. “We want to ensure that even the valves are of the same type, 
so we are not stocking a lot of spare parts for different equipment. The 
coordination needed for the different pipeline segments, the easement 
acquisition, the system hydraulics and other elements of this project 
has been a tremendous day-to-day challenge.”

Water quality was another challenge. To ensure the new water source 
could blend with the customers’ existing water supplies, Alliance Water 
and the project team spent considerable time in the preliminary design 
phase. This included gathering data on the existing water sources, de-
termining where the participants received treated water, understanding 
the chemical makeup of these water supplies and then designing a 
treatment regime suitable for every participant. 

“Our goal is to ensure that our sponsors require little, if any, additional 
treatment when they receive our water,” said Moore. “We worked hard 
to find the right mixture in our treatment techniques. We are talking 
about a geographical area that spans 35 miles and they all have slightly 

different water sources and blends. We are also planning for issues that 
may arise decades down the road. At the water treatment plant, we have 
allocated space for chemicals that we may need to add in the future.”

Cost containment is another concern. Estimating the project’s construc-
tion costs in the current environment with the prices of commodities, 
such as steel, fluctuating hasn’t been easy, notes Moore. 

“Considering that we will be using steel at the water treatment plant, 
elevated storage tank, booster pump station and possibly 95 miles 
of pipelines, it is a big component in the overall project costs,” said 
Moore. “We went through an eight-month process evaluating cost-
saving measures that we could implement without impacting the level 
of service. Out of the nine measures that we have identified, we are 
implementing five. While we will not know the true costs until we 
receive bids, we are trying to hedge a little bit against what those future 
costs may be and finding ways to ensure we have the proper financing 
without over-burdening our rate payers.”

Finally, easement acquisition has been a challenge. Alliance Water 
and LAN are negotiating and acquiring approximately 300 easements 
spanning 85 miles. With individual property owners having different 
requirements, addressing their concerns adequately and securing these 
easements has been a long process. In addition to negotiating ease-
ments for the current project, Alliance Water is acquiring easements for 
future pipelines in these corridors. 

Conclusion
Despite these challenges, the project is on schedule. The $12 million 
Phase 1A, which is currently under construction, will be completed at 
the end of this year. Phase 1B, which will cost $450 million, is sched-
uled for completion in June 2023. Plans are also underway for Phases 
1C and 1D that will provide an additional 8,100 acre-feet of water per 
year in the future. These phases are expected to be completed in 2035. 
Thanks to Alliance Water and its partners, future generations of central 
Texans will have access to good, clean water for the next 50 years 
and beyond.

TRAVIS MICHEL, P.E., is an associate and infrastructure manager at Lockwood, 
Andrews & Newnam, Inc. (LAN), a national planning, engineering, and program 
management firm. He can be reached at TMMichel@lan-inc.com. 

Boring under commercial driveway

Ductile Iron pipe inspection
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Quality control (QC) is a major concern of today's design firms. How-
ever, quality alone is not enough in today's competitive marketplace. 
Clients expect a quality design. If they also perceive that quality design 
is cost-effective, they will likely hire you again.

Value engineering (VE) is a powerful tool, known primarily for its ben-
efits in cost control, which can be applied successfully to QC to give 
you a quality, cost-effective design. By comparing common elements 
of QC and VE programs, we can develop an approach that brings the 
best attributes of both to our design process. One approach is a QC 
VE workshop.

One common element of VE and QC programs is the team approach. 
The multidisciplinary project team is key to production of a quality 
product by an AE design firm. The VE team is also multidisciplinary 
and, even though specific personnel should not be the same, the disci-
plines needed most likely will be.

A second common element is the need for disciplined management 
techniques. A good QC program is based upon project work plans. 
These are established procedures reflecting management commitment 
attitudes. VE uses disciplined management techniques known as the 
VE Job Plan. Adherence to its established procedures maximizes the 
results of a VE study.

A third common element is a strong team leader. In a QC program, 
the project manager moves the project to its completion, ultimately 
responsible for the quality of the project. In VE, the VE team leader, 
ideally a certified value specialist (CVS), is ultimately responsible for 
production of practical, cost-effective recommendations.

A final common element is independence. 
When actual QC reviews are performed, they 
should be done by individuals who are not on 
the project team. The VE team must also be 
independent of the project team. In both cases, 
a fresh set of eyes is beneficial to the review. 
There is one exception to this, which will be 
discussed later.

Characteristics of a QC VE Workshop
The emphasis of a QC VE Workshop is on 
quality, conformance to client goals and tech-
nical adequacy. Cost is still important because 
you want clients to feel that you are spending 
their money like it was your own. But, the 
main thrust of the workshop is to ensure the 
design team is producing a quality project.

By staffing the VE team with technically experienced, qualified per-
sonnel, you are checking the technical adequacy of the project. As 
the team goes through the information phase, the standard VE forms 
can be augmented with discipline-specific technical checklists. Unlike 
traditional VE, the VE team can also be charged with writing technical 
comments and marking drawings to document areas where technical 
quality needs bolstering.

Review of preliminary design is the place where a VE workshop for 
QC fits for all projects. The extent of the workshop is simply adjusted 
to fit the size and complexity of the project. Preliminary design draw-
ings, outline specifications, quantity takeoffs and preliminary cost 
estimates are all available at this point. The stage is set for a VE review 
and, more importantly in this application, a QC review for technical 
adequacy and conformance to client goals. And, if the VE team comes 
up with a breakthrough that allows the design firm to spend clients' 
money like its own, so much the better. Clients will not soon forget 
quality, cost-effective products. At preliminary design, design changes 
can be incorporated as project design continues without destroying the 
design budget or schedule.

Another use of a QC VE workshop is to solve specific problems that 
have arisen. For example, the probable cost estimate is 20 percent 
over budget or a particularly difficult design decision cannot be agreed 
upon. The VE team can be given specific targets to study in the work-
shop. Client representatives can be added to the VE team if their input 
can help make decisions. Most clients would welcome a chance to 
give such input. VE techniques work, and sometimes, the differences 
between VE and conventional design help solve seemingly impos-
sible problems.

Other Applications of VE Techniques
VE techniques can be very useful to a QC program at other points 
where a full VE workshop is not warranted. This is especially true of 
creative techniques such as brainstorming. Functional analysis tech-
niques can also be used effectively throughout design to make design 
decisions based on necessary functions. Finally, many of the compara-

VALUE ENGINEERING: A TOOL FOR 
QUALITY CONTROL IN DESIGN
By Scot McClintock, PE
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tive techniques from the evaluation phase of VE can be used to make 
design choices throughout the design.

Creative design techniques can lead to more efficient use of personnel, 
equipment and experiences to keep the cost of design down. This may 
lead to increased profitability on the project. Design schedules can also 
be shortened by developing creative design approaches. Often, all that 
is needed to work smarter is to take time at the project's start to sit back 
and think. Brainstorming techniques can help maximize the efficiency 
and potential profitability of project work planning.

Function analysis may find client goals that are excessive or have unde-
sirable side effects, which can be presented to clients so that they may 
change or reconfirm their goals. On the other hand, function analysis 
may discover functions (goals) which need to be added. Either way, 
clients can make educated decisions and the design firm's solution can 
be viewed as a quality one by the clients.

Unlike traditional VE, VE for QC would most likely be staffed in-
house. The flexibility, proximity, and timeliness of the in-house VE 
team are essential to accomplish a QC VE workshop without disrupt-
ing design schedules or budgets.

VE workshops for QC are often less than the traditional 40 hours. The 
project size and complexity, and common sense, determine how long a 
workshop will be and how many members will be on the team. How-
ever, there must be enough time to complete the QC task. On a small 
project, with a small amount of information to absorb, the job plan 
can be carried out very successfully in four hours if need be. The CVS 
must, however, stay on top of the team to get that success.

Just as in traditional VE, the VE team in a QC role identifies and justi-
fies recommended changes and returns them to the project team for 
approval, implementation and modification. The CVS should work 
with the project manager to ensure maximum implementation of the 
VE team's recommendations.

Where QC VE Workshops Fit
In considering the life of a project, from identification of a project op-
portunity to construction completion, there are two points in a project 
that readily come to mind where QC VE workshops are effective. In 
chronological order, they are Concept Selection and QC Review of 
Preliminary Design.

Use of a VE workshop for concept selection is a fairly unique applica-
tion of VE where the best concept is not easily selected. VE can help 
by functionally breaking down client needs and desires and translating 
them into project concepts. In addition, the VE team can actually be the 
project team. The project team has not yet begun design to any appre-
ciable extent and, therefore, is still open-minded. It has, by definition, 
the mix of disciplines necessary to properly address the project. Most 
importantly, the project team needs to get up to speed on the project 
anyway. The VE workshop provides a format for getting the project 
team together, getting the team members started on the same foot, and 
helping them select a design concept that functionally, and maybe cre-

atively, satisfies the client goals. With the project team serving as the 
VE team, the odds of the VE team’s ideas being implemented increase.

With the importance of quality control in today’s litigious climate, 
the design firm should leave no stone unturned in its search for ways 
to improve quality. VE can serve the firm well by helping it provide 
technically sound, cost-effective, quality projects which satisfy client 
goals and, therefore, are viewed as quality projects by the client. This 
is the ultimate goal and the justification for use of VE techniques and 
workshops for QC.

SCOT MCCLINTOCK has more than 35 years of experience facilitating value 
engineering studies on complex, multi-disciplinary projects and programs in 
the USA, Canada, Europe, Korea and the Middle East. A Chief Value Manager 
in Faithful+Gould’s Consult Group, he leads the Value Management and 
Engineering practice for North America. Scot is a Certified Value Specialist 
(CVS-Life) and Fellow of SAVE International and holds a bachelor’s degree and 
a Masters of Engineering degree from Cornell University. He has balanced cost 
and quality in more than 425 VE/VM studies to identify improvements upwards 
of $6 billion on projects totaling nearly $40 billion. Scot has trained nearly 500 
personnel in value engineering.
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Professional Associate/Senior Structural Engineer
HDR, inc.
Princeton, New Jersey

Matthew Fahrenbach has an elite level of experience in the design and construction of 
highly complex and challenging building projects; he has worked on a wide variety of 
project types including research and development, pharmaceutical, biological, medi-
cal, bio-safety containment, educational, offices, and healthcare facilities.  Additionally, 
Fahrenbach has embraced a leadership position, guiding his teams from concept design 
through construction administration.
Accomplishments:
• Penn Medicine Patient Pavillion, Lead Project Structural Engineer
• Hartford Bone & Joint Institute, Lead Project Structural Engineer
• Fort Sam Houston Battlefield Health & Trauma Facility, Lead Project Structural Engineer
• U.S. Naval Medical Research Unit, Building 67 Modernization, Lead Project Structural 
Engineer
• U.S. Army Medical Research Institute of Infectious Diseases Biomedical Research, Proj-
ect Structural Engineer
Public/Professional Service: Delaware Valley Association of Structural Engineering 
(DVASE), member, University of Kansas, Structural Engineering Conference, presenter
Education: B.S. Architectural Engineering, Pennsylvania State University, University Park

Aviation Group Manager
Primera Engineers
Chicago, Illinois

Joseph Avram has nearly 15 years of experience working in the transportation industry, 
focusing on project and team management.  For the last nine years he has primarily worked 
on a wide variety of airport and airline projects ranging from runways and taxiways, deic-
ing facilities and ramp control towers, hangars and aprons, ground equipment maintenance 
facilities, fuel and glycol distributions stations, and corporate data centers.  Avram is also 
an active member of the professional community, participating in a number of professional 
organizations with the aim of elevating the industry. 
Accomplishments:
• American Airline Hangar 2 Facility, Civil Project Manager
• O’Hare International Airport Lead Tunnel Project, Lead Airfield Engineer
Public/Professional Service: Airport Consultants Council Young Professionals, member, 
American Council of Engineering Companies, Illinois Department of Transportation 
(ACEC-IDOT), Aeronautics committee member, Airports Council International—North 
America (ACI-NA), Business Diversity Committee, Illinois Society of Professional Engi-
neers (ISPE), MATHCOUNTS volunteer, Chicago Engineers Foundation, Board of Directors
Education: M.S. in Civil Engineering, Purdue University, MBA, Northern Illinois Univer-
sity, B.S. in Civil Engineering, Bradley University

Matthew J. 
Fahrenbach, 
PE, LEED AP

Joseph M. Avram,
PE, LEED AP BD+C

Rising stars in full service engineering
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Project Manager
Lockwood, Andrews & Newnam, Inc. (LAN)
San Antonio, Texas

Dr. Roshani’s career is built around three cores: teaching, research, and public service.  
His location in San Antonio allows him to teach undergraduate courses at UTSA, which 
means he can mentor the younger generation.  Furthermore, Roshani has made significant 
research contributions to the field by way of civil engineering; he has also worked with the 
local community by managing several street rehabilitation projects in San Antonio.
Accomplishments:
• 5-Year Street Maintenance Program—City of San Antonio, Program Manager
• 2018 Street Rehabilitation Packages—City of San Antonio, Project Manager
• 2020 Flatwork Construction Management—City of San Antonio, Program Manager
• Accelerating Innovation in Partnered Pavement Preservation—TxDOT, Post-Docural 
Researcher
Public/Professional Service: American Society of Civil Engineers (ASCE) member, 
Highway Construction Committee, member, Transportation Research Board (TRB), 
member
Education: B.S. in Civil Engineering, University of Mazandaran, M.S. in Road and Trans-
portation Engineering, University of Guilan, Ph.D. in Civil & Environmental Engineering, 
University of Texas at San Antonio (UTSA)

Project Manager
Lockwood, Andrews & Newnam, Inc. (LAN)
Conroe, Texas

Dedra Ecklund has focused her career on the management and design of water and wastewa-
ter systems for public entities. She has designed or managed more than 50 projects ranging 
in construction cost from $150,000 to $200 million for cities throughout the state of Texas. 
She has also given back to the profession, starting a program called Public Speaking for 
Engineers which encourages engineers to become comfortable with public speaking.
Accomplishments:
• Southeast Transmission Water Line (SETL), Project Manager
• Lift Station Evaluations—Pearland, Texas, Project Manager
• Water Plant No. 3—The Woodlands, Texas, Project Manager
• Sanitary Sewer Rehabilitation for Emerald Forest Utility District, Designer and Engi-
neer-of-Record
Public/Professional Service: American Water Works Association—Texas Section (TAW-
WA), Diversity Committee Co-Chair, Sterling Ridge Village Association (SRVA), board 
member, Education for Tomorrow Alliance (EFTA), volunteer
Education: B.S. in Agricultural Engineering, Texas A&M University

Hossein Roshani, 
PhD, PE, M. ASCE

Dedra A. Ecklund, 
PE
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Project Manager
Lockwood, Andrews & Newnam, Inc. (LAN)
Dallas, Texas

Mathew Busby’s 12 years of career experience have included water and wastewater treat-
ment, facilities, roadway, and pipeline design.  He began his career in land development, 
serving as a project engineer responsible for site design and coordinating the platting and 
development processes with cities across the region.  Subsequently, Mathew was promoted 
to project manager where he worked on a variety of projects, including land development, 
construction inspection, drainage utilities and roadway.
Accomplishments:
• City of Gunter Downtown Wastewater Treatment Plant, Project Manager and Designer
• Community Development Block Grant (CDBG) Project(s), Project Manager, 
Project Engineer
• Sachse Southeast Water and Wastewater Improvements, Project Manager, Engineer-
of-Record
Public/Professional Service: Texas Society of Professional Engineers, member, Texas 
Public Works Association, member, Dallas CANstruction Team, co-chair, Hart Center for 
Engineering Leadership—Southern Methodist University, volunteer
Education: B.S. in Civil Engineering, Southern Methodist University

Vice President of Engineering
Goodwyn, Mills and Cawood, Inc.
Montgomery, Alabama

Wheeler Crook possesses a unique set of engineering and interpersonal skills that allowed 
him to be placed in GMC’s Water Resources & Treatment Division within 3 years of 
joining the firm.  His ability to design and manage engineering and construction of large-
scale infrastructure projects alongside individuals with decades of experience has been a 
contributing factor in furthering his career in the engineering field.  Currently, Wheeler 
serves as Vice President of Engineering, managing business development efforts, project 
managers, and the design of all civil and municipal projects across central and south Ala-
bama, in addition to special projects throughout the Southeast. He has been a crucial part 
of the firm’s success, bringing an energy and drive that is truly unmatched.
Accomplishments:
• Gadsden MIEX Treatment Facility (Gadsden, AL), Project Manager/Engineer
• Wolf Creek Wastewater Treatment Plant Upgrade (Foley, AL), Project Manager
• Anderson Regional Joint Water System Membrane Plant Expansion (Anderson, 
SC), Engineer
• Gautier Water Treatment Ion Exchange System (Gautier, MS), Project Manager/
Design Engineer
• Camp Merrill Sewage Collection System (Dahlonega, GA), Project Manager
Public/Professional Service: Alabama Water Environment Association, member, Water 
Environment Federation, member, American Water Works Association, member
Education: Bachelor of Civil Engineering, Auburn University, Bachelor of Science, 
Birmingham-Southern College

Mathew L. Busby, 
PE

Wheeler Crook, 
PE

Rising stars in Multidiscipline engineering
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CEO/Principal
A&E Design
Billings, Montana

As CEO of A&E Design, one of the region’s largest and longest-standing design firms, 
Dusty Eaton leads the practice with talent, heart, and drive.  He is passionate about design, 
and holds the rare ability to make others not only feel his passion, but adopt it for them-
selves. Dusty leads with the philosophy of “fail fast,” encouraging staff to explore new 
ideas, learn from failures, and keep moving forward. While he is strategic in all actions, 
he is realistic about failure and transparent about its inevitability. He understands that it is 
how one responds to failure, not failure itself, that is most important.
Accomplishments:
• Medicine Crow Middle School, Billings Public School System
• Norm Asbjornson Hall (Montana State University), Lead Architect
• MSU Innovation Campus (Montana State University), Principal-in-Charge
Public/Professional Service: Leadership Billings. Eagle Mount and Western Security 
Bank, Board of Directors
Education: Master of Architecture, Montana State University, B.A. in Environmental 
Design, Montana State University

Civil Engineer
Hanson Professional Services, Inc.
Lisle, Illinois

Kim Sumrak has contributed to a variety of projects, including roadways and hurricane 
relief. Her broad background includes assessing sanitary and storm sewer manholes and 
inlets, producing drainage designs, providing cost estimates and serving as a representative 
at public information meetings. Sumrak is a licensed engineer in Illinois, Iowa, and Kansas. 
Her efforts to expand her skills and licensing are evidence of her desire to continue her path 
of excellence in engineering. One of Kim’s most outstanding qualities is her willingness 
to step up for her Hanson teammates, from earning certifications to mentoring junior staff 
members and coordinating interns.
Accomplishments:
• Indiana Department of Transportation State Road 38 – Dayton to U.S. Route 421
• Indiana Department of Transportation U.S. Route 52 – Templeton to Fowler
• Alaska Department of Transportation and Public Facilities’ Glenn Highway 
Capacity Improvements
• Federal Emergency Management Agency (FEMA) Public Assistance Program Hurricane 
Irma Disaster Relief
• San Patricio County Road Improvement Project
• Illinois State Toll Highway Authority Tri-State Tollway Planning, Master plan and Road-
way Study (Cermak Road to Balmoral Avenue)
Public/Professional Service: Kansas Society of Professional Engineers member, Na-
tional Society of Professional Engineers member, American Council of Engineering 
Companies member
Education: B.S. in Civil Engineering, University of Iowa

Dusty Eaton, 
AIA, LEED AP

Kim Sumrak, 
PE 
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Project Manager
Fisher Associates
Rochester, New York

Omar El Masri is a structural engineer with project design, teaching and research exper-
tise. His design experience includes bridge rehabilitation and replacement design, in-depth 
structural inspections, and steel design for industrial buildings. He is an excellent mentor 
to young engineers due to his background as a researcher and Adjunct Professor at Syra-
cuse University, where he earned his Ph.D. Omar is passionate about research and analyz-
ing real-world bridge-related issues with the intent that his research not only makes him a 
better design engineer, but provides solutions that improve the life of bridge infrastructure.
Accomplishments:
• A Cost-Effective Method to Retrofit Steel Girders
• Effect of Transient Thermal Gradient on Stresses in Composite Bridges
Public/Professional Service: Association for Bridge Construction and Design (ABCD), 
member, American Institute of Streel Construction (AISC), member, American Society of 
Civil Engineers (ASCE), associate member, Structural Engineering Institute (SEI), associ-
ate member
Education: Ph.D. in Civil Engineering, Syracuse University,  M.S. in Civil & Environ-
mental Engineering, Lebanese American University, B.E. in Civil Engineering, Lebanese 
American University

Civil Project Engineer
Westwood Professional Services, Inc.
Minneapolis, Minnesota

Danielle Nygren is a shining star within Westwood Professional Services’ (Westwood) 
industry-leading wind energy team. At age 28, she is in command of Westwood’s top wind 
client. In this role she has primary responsibility for overseeing the design and construc-
tion of their industry-leading wind portfolio. Her commitment to excellence continues to 
set the standard for civil engineering design practices in today’s clean energy economy.
Accomplishments:
• Hale Wind Project, Designer/Project Manager
• Sagamore Wind Project, Designer
• Freeborn and Worth County Wind Project, Designer
Public/Professional Service: Society of Women Engineers (SWE), North Dakota State Uni-
versity Chapter, Women of Renewable Industries and Sustainable Energy, Twin Cities Chapter
Education: B.S. in Civil Engineering, North Dakota State University

Omar El Masri, 
Ph.D, EIT

Danielle Nygren, 
PE 
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This year especially, we’ve seen the many ways that tech-
nology is transforming construction– from the design and 
build process to how structures are operated and main-
tained. COVID-19 accelerated the need for shared data and 
digital connectivity, both of which are foundational for the 
concept of “connected” construction that industry leaders 
have been pushing for years. 

If you’ve worked in the construction industry long enough, you know 
it’s natural for construction phases to remain insular. However, it’s 
important to break down communication barriers and encourage en-
hanced project collaboration and information sharing. Being connected 
is the greatest defense against the prevailing inefficiencies that stem 
from data silos. 

Truly connected construction allows stakeholders across the entire 
design-build-operate-maintain (DBOM) continuum to “connect” the 
digital and physical worlds and collaborate by sharing information, 
which ultimately leads to improved productivity, quality, transparency, 
safety and sustainability. 

As early as the planning and informational gathering phase, we can 
begin to lay the foundation for a more efficient, collaborative and pro-
ductive project. Here’s how:

Planning
For decades, this entire stage was handled manually. Today, owners 
and architects handling initial planning for construction projects are in 
an optimal position to collect and synthesize data effectively right from 
the start. Not only are they able to collect and organize information 
in one centralized location, they can lay a solid foundation on which 
the constructible models, which contain all the data needed to replace 
2D drawings during production, will be built. Furthermore, data-rich 
records of previous projects can inform the planning stages of future 
projects so it’s no longer necessary to start from scratch each time. 

Conceptual 
Historically, architects developed their conceptual designs on paper. 
Theoretically, BIM solutions give architects the ability to become more 
closely integrated with the rest of the construction process than they 

were in the past. Today, architects can utilize 3D modeling software 
to generate both 2D and 3D versions of their conceptual plans. Where 
possible, the model can be content-enabled, allowing the architect to 
reuse established components repeatedly for faster development. De-
signs can be quickly and easily shared between the architect, owner 
and any other stakeholders because everyone can access the same 
centralized platform. And, once the concept is approved by the owner, 
it can serve as the launching point for structural engineering and detail-
ing from other trade partners. 

Engineering and Design
With all phases of the workflow connected via integrated hardware 
and software solutions, constructible models can be easily shared in 
both directions: from the detailer to the fabrication shop or jobsite to 
move ahead with fabrication or installation, or from detailer back to the 
engineers, estimators or architects for fast and efficient change orders, 
issue resolution or recommended improvements. 

Visually, a 3D model does a far better job of communicating building 
concepts than 2D drawings simply because it presents the information 
in the same way humans naturally see. For instance, by visualizing 
BIM data within a mixed reality platform like Microsoft’s HoloLens, 
3D models can be overlaid directly on the completed work to compare 
as-built progress to as-designed constructible models throughout 
the build. 

Even more importantly, the ability to directly tie a virtually unlimited 
amount of information to every component of the 3D model both 
expands and simplifies its value, all of which can be passed along 
automatically if needed. With integrated software solutions designed 
to incorporate the same model into the tasks handled by fabricators, 
contractors, safety inspectors, and facility managers alike, the con-

The Value of Connected 
Projects: From Design 
and Build to Operate 
and Maintain
By Marcel Broekmaat
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structible 3D model becomes a living tool that’s constantly evolving 
with the project. 

Estimate
In the past, estimators worked in their own world that consisted of 
reams of parts catalogs, vendor contracts, spreadsheets, and walls of 
filing cabinets with past project files to reference. 

With the proper tools and resources in place, construction pros can be-
gin creating and sharing content-enabled constructible models from the 
very start. Estimators, for example, can often correlate components on 
a conceptual model with up-to-date material lists to develop incredibly 
detailed and accurate estimates quickly. In some cases — especially 
in MEP — libraries of managed content provide “digital twin” level 
accuracy that can be accessed even before detailing is completed. 

Build
As the building phase of the construction project commences, it’s 
vital that project and construction managers work closely to ensure 
that work on-site aligns with the schedule and budget. This is greatly 
simplified when additional software solutions designed specifically for 
various management tasks are seamlessly integrated into the collabora-
tion products and other BIM-related solutions used at various phases 
of the project. 
With project data gathered in one centralized repository and constantly 
updated as each additional layer enriches its value, stakeholders across 
the construction site can easily access the information they need to 
make reliable, strategic decisions. For example, the initial schedule and 
estimated labor needed for each phase of the on-site building project 
will have started with the estimator. Because that data is included with 
the 3D model and all other deliverables from the BIM planning and 
design solutions, it has likely been further updated and refined by the 
project manager and/or construction manager as the job progressed. In 
addition, project status updates can be communicated through color-
coded 3D models rather than Gantt charts, which are difficult to interpret.

Likewise, high-fidelity connections also help bridge gaps between 
office and field. For tasks such as layout and fabrication, construct-
ible BIM data is used to directly control field work. Field software for 
devices like robotic total stations can pull data directly to layout points, 
without the need for any duplication of effort.

The data is already there when it’s needed by a construction manager 
or superintendent who is responsible for making sure the right people 
are on-site at the right time on any given day. The same principle ap-
plies to the safety manager who needs to ensure the people on-site are 
properly equipped and following safety protocols; the person or team 
responsible for payroll and managing the flow of subcontractors; ev-
eryone involved in handling materials and supplies; and the list goes on.

If and when unexpected issues arise, workers on-site can quickly and 
easily confer with any stakeholder at any point in the process in for-
mal RFIs or through more informal feedback and recommendations. 
The model can be updated on-the-fly and instantly made available to 

everyone involved on an individual element level, making it much 
easier to convey changes by eliminating the exchange of documents 
and spreadsheets. This means there are no gaps in communication, no 
unforeseen consequences and no bottlenecks in the schedule.

Operate
In the past, the life of the structure after construction wasn’t on the 
construction professional’s radar. BIM connects this stage to the rest 
of the construction workflow where no true connection existed before. 
With the wealth of data that accompanied every phase of the BIM pro-
cess, the 3D model and its embedded information can be passed to the 
owner and facility manager for use in the maintenance and upkeep of 
the structure. 

The BIM is a true “digital twin” with components enhanced with de-
tailed metadata that can be invaluable to the building’s owner or facil-
ity manager under many circumstances, such as routine inspections, 
energy optimization efforts, planned maintenance repairs and replace-
ments, and future upgrades, remodeling or expansion. It is also a hub 
for IoT data as geometry can be used to visualize actual performance 
of installed components. Additionally, the model and data can serve 
as a jumping-off point for the planning phase of new projects. Finally, 
when the building is sold, this valuable “digital twin” can even serve as 
a powerful added enticement that enhances resale value. 

Bringing it All Together 
Maintaining an open and agnostic space for sharing models and con-
struction data is imperative for connected construction. Because no one 
vendor can be expected to have all the right capabilities, construction 
teams need a collaboration platform, such as Trimble Connect, as close 
to universal as possible— and one that can handle a broad range of 
potential file formats. In addition to maintaining shared storage space, 
cloud-based platforms also enable applications to directly access, store 
and edit shared construction data.

Because connected data is required throughout the construction life-
cycle, smart construction teams are identifying technology partners 
that share their vision for digital transformation, interoperable systems 
and open data architectures. By aligning with a strategic technology 
partner that offers an open, agnostic, available and secure platform, we 
can connect trades and project phases, and work better together. 

MARCEL BROEKMAAT is Director of Product Management at Trimble.
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Introduction
The understanding of Building Information Modeling (BIM) has 
gradually expanded from a 3D replacement of traditional 2D CAD 
drafting to a very broad term that describes the process of creating and 
managing digital models of buildings (or other structures). As a result, 
the demands and expectations of BIM workflows are increasing. Asset 
owners and clients have recognized and are excited about the pres-
ent and future benefits coming from BIM utilization during the asset 
delivery phase. They have already started to outline BIM’s integration 
in the operational phase as the sensible next step in BIM’s Lifecycle 
Implementation. 

Despite the slower than hoped for pace of the AECO industry’s glo-
balization and adoption of its processes, requests for collaborative 
approaches for collecting, creating, managing, and sharing informa-
tion have intensified. The advent of the ISO 19650 series is a timely 
response to the call for a standardized process to regulate BIM-related 
information management throughout the entire asset life cycle. 

ISO 19650 
ISO 19650’s development has been based on the UK 1192 series, 
which was produced following the government’s BIM Level 2 initia-
tive. As the first international BIM ISO Standard, ISO 19650 enables 
teams around the world to enhance efficacy and efficiency through a 
set of common information management approaches. Currently, ISO 
19650 parts 1 and 2 have been released, and focus on concepts and 
principles, and delivery phase of the assets, respectively.  Parts 3 and 
5 are advancing and scheduled for release in 2020. Part 3 will con-
centrate on the operational phase of assets, and part 5 will focus on 
the specifications for a security-minded approach to the management 
of information as it relates to sensitive assets. The ISO 19650 series, 
along with a region-specific requirements appendix will comprehen-
sively define the collaborative process for the effective management of 
information through the delivery and operational phase of assets when 
BIM is being used for the first time on a global basis.

PIM & AIM & Digital Twin
The Project Information Model (PIM) and Asset Information Model 
(AIM) have been defined by BIM Level 2 as adjoined stages of Com-
mon Data Environment (CDE). As shown in Figure 1, the PIM is de-
veloped during the delivery phase of a project, starting from a design 
intent model, and eventually becoming an as-built model to represent 
the real as-constructed condition of the built asset. After that, the PIM 
transfers to the AIM to continue informing asset management (AM)/
facility management (FM) during the operational phase. Ideally speak-

ing, the AIM should be considered the “digital twin” of built assets, or 
the digital replica of vital physical assets, processes, locations, systems, 
and devices that can be operated and analyzed for various purposes. 
When aligned with BIM Level 2, ISO 19650 cogitates over principles 
and processes to refine data interoperability and integrity during the 
handoff from PIM to AIM. Figure 2 illustrates the transition from PIM 
to the Facility Information Model (FIM) and the relationship between 
a Digital Twin and its corresponding physical assets.

Use CDE to Fill the Gaps
CDE refers to the single source of information used to collect, create, 
manage, and share both graphical and non-graphical data for all project 
stakeholders. In ISO 19650-2, it clearly states that “…Prior to gener-
ating information, each task team shall check that they have access 
to the relevant reference information and shared resources within the 
project’s common data environment….” 

Part 1: An Overview of How The ISO 19650 Series 
Affects Asset Management
By Dr. Xifan (Jeff) Chen and George Broadbent

New Era of BIM Lifecycle 
Implementation

Generic Project and Asset Information Management Life Cycle

Diagram of PIM, AIM/Digital Twin, and its relationship to physical assets
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ISO 19650-3, which will 
be introduced later this 
year, will cover the op-
erational phase of assets. 
However, similar CDE-
based data management 
logic will be applied to 
the entire data manage-
ment process throughout 
the whole BIM lifecycle. 
While there is still about 
one year to welcome 
the completely new ISO 
release, it would be ben-
eficial to investigate the 
practices of BIM-AM/

FM integration, evaluate current implementation efficiency and effi-
cacy, and perform gap analysis from a data management perspective to 
prepare the industry for global BIM Level 2 adoption. 

Gap in PIM/AIM Handoff
When talking about BIM’s integration into the operational stage, we 
are one step ahead of actual BIM utilization in the larger AECO indus-
try, which places us in a bittersweet situation. On one side, we have 
been able to foresee the promising and appealing long-term benefits 
coming from BIM-integrated AM/FM. These have been supported 
by a few good and substantially successful cases. On the other side, 
we have experienced spending extra effort to overcome difficulties 
regarding data sufficiency, interoperability, and consistency, mainly 
from upstream phases. The absence of an industrial level consensus of 
asset data classification, and codification is a major contributor to these 
difficulties. Meanwhile, a bigger problem is the data requirements and 
demands from the operational phase cannot be completely included 
in the Integrated Project Delivery (IPD) Process or reflected in BIM 
relevant regulations, standards, and contractual languages or  utilized 
to  conduct the data collection and preparation processes during the 
delivery phase. In short, a variety of factors, from perspectives of 
taxonomy, business process, PM approaches, policies and regulations, 
etc., is jeopardizing the data interoperability, integrity, sufficiency, 
consistency, and accuracy during the handoff from PIM to AIM. Figure 
3 illustrates the current information asymmetries and process defects 
between the delivery and operational phases.

Current Practice
A good example of a commonly used standard is Construction Opera-
tions Building Information Exchange (COBie), along with other clas-
sification/codification systems suggested by UK 1192, or the proposed 
ISO 19650-3. Under “ideal” conditions, region-specific requirements 
regulated by the requirements appendix is supposed to diminish all the 
data barriers between handoffs, as well as complete the lifecycle of 
BIM data flow. However, a lot of issues are proving difficult to resolve. 
It is close to impossible to require all owners and facilities to reach 
consensus on classification and codification to structure their assets. 
For most owners, when COBie fails to meet their Enterprise-level As-
set Management (EAM) standard (i.e., asset types are out of building 
and scope), they start to build their own system. In this case, if the 

owner’s EAM requirements not been able to integrate into the delivery 
phase in a sufficient manner, a substantial amount of time and work 
will be required after the delivery phase to fill the gap of data asymme-
try. Meanwhile, due to inconsistent data transfer, additional efforts will 
be required to perform data validation to ensure data interoperability 
and accuracy. 

One of the true advantages the new ISO 19650 series can bring to the 
industry is its positive impact on the current BIM lifecycle implemen-
tation from the principle and process level. The combination of part 1 
(concepts and principles), part 2 (delivery phases of assets), and part 3 
(operational phases of assets) provide a high-level, generic structure to 
ensure holistic data management processes. These can be streamlined 
throughout the delivery and operational phases, by addressing the fol-
lowing questions: 
 1. What kind of data will the operational phase need? 
 2. How can I make certain these data are collected?  
 3. How can I ensure these data will be accessible and readable by  
 the operational phase? 

What is Happening Now 
Some remarkable efforts have contributed to “BIM to FM” (or “PIM to 
AIM”) integration to improve the BIM lifecycle implementation. This 
work has led to a better understanding of the true value of BIM. 

For example, one technical service consultancy developed a custom-
izable “BIM to FM” solution to help their client incorporate FIM 
into their daily FM operations, and take advantage of the asset data 
embedded in PIM without replacing their existing asset classification 
and codification. Additionally, clients benefit from a holistic strategic 
implementation plan for the BIM to FM workflow by incorporating 
FM requirements into delivery phases. This has been achieved by per-
forming a thorough requirement analysis of the existing FM system 
and ensuring corresponding data requirements are established for each 
delivery stage so asset data can be captured and streamlined dur-
ing the development phases of the project (Design, Construction, 
and Commissioning). 

The diagram depicts a backflow to indicate operational phase data 
requirements as inputs to upstream stages, to conduct asset-mined 
data collection in preparation for the AM/FM phase. At the same time, 
requirements are in place on related BIM standards, BIM Execution 
Plans (BEPs), contractual languages, and other peripheral documents 
to enforce the data transfer during each model handoff to ensure data 
interoperability, consistency, and accuracy. 

This positions the FIM, or the Digital Twin of a physical asset as a 
living model that can synchronize with Computerized Maintenance 
Management System (CMMS) to update itself on a timely basis. The 

Illustration of information asymmetries and 
process defects between Delivery Phase and 
Operational Phase

A proposed CDE data flow diagram derived from BIM LEVEL 2 Illustration
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bidirectional data flow between AIM and CMMS keeps the model 
ready for the next delivery cycle, and enables additional functionalities 
(e.g., analytics and reporting) to utilize AIM during the longest stage 
of asset’s life cycle.
 
What is the Future 
As a first step toward a truly connected future, efficient and effective 
data transfer in a well-defined CDE is critical for the global industry to 
move forward from its current status. BIM Level 3 has not been fully 
defined yet. 

The trend of data fusion and integration is pushing the entire industry 
towards the next era with IOT-enabled, data-driven connected opera-
tions fundamentally changing the way that current asset management 
is being utilized. We are eagerly waiting for the release of ISO 19650 
parts 1 and 2 with parts 3 and 5 following. As the first International 
Standard to cover both the delivery and operational phases, ISO 19650 
series will build the global consensus on streamlined data management 
from PIM to AIM, and raise the bar of the current AECO industry by 
creating an entirely new standard of measurement of true BIM life-
cycle implementation.    

More detailed information will be covered in the second part of this 
article: From PIM To AIM - A Detailed Look at How the ISO 19650 
Series Affects Asset Management. 

GEORGE BROADBENT is Microdesk’s Vice President of Asset Management and 
has worked on a variety of projects including the rollout of Microdesk’s Maximo 
and Revit integration solution, ModelStream. George works closely with key 
stakeholders to identify strategies for asset management projects and manages 
the effort to build out new systems.

DR. XIFAN JEFF CHEN is the EAM Assistant Director at Microdesk, 
and head of EAM Strategic Advisory Service. Jeff specializes in 
providing strategic consulting services for clients, conducting and 
implementing BIM, EAM and GIS integrated solutions, and developing 
digital twin methodologies for lifecycle BIM implementation.
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Increasing Annual Pilgrim Capacity
Each year, a significant number of the world’s 1.8 billion Muslims visit the city of Al-Madinah in Al-Munawwarah, Saudi 
Arabia. It is the second-holiest city for Muslims and was the first Islamic capital. Pilgrims come to visit the city’s three 
prominent mosques and other areas of religious and historical significance.

Over the years, the number of pilgrims has increased exponentially. To accommodate the growing numbers, the 
Kingdom of Saudi Arabia wanted to increase the capacity of annual visitors from 8 million to 30 million by 2030. The 
kingdom planned a SAR 7 million project to build museums and plan routes to historical, culture, and tourist sites. 
With more than 55 years of experience, Ala Abdulhadi & Khalifa Hawas Consulting Engineering Company (AHCEC) was
tasked with designing the plan, which included expanding transportation systems and hospitality facilities while pre-
serving historical sites.

Developing Reality Models for Enhanced Urban Planning
AHCEC worked with the Madinah Development Authority to create strategic execution plans for the project. For 
example, the city wanted to implement reality modeling practices to help plan the development of the 55-square-
kilometer historical area of the city, allowing the team to gather all the proper resources and streamline the project 
timeline. This model would be used to create a digital twin for the central part of the city.

AHCEC was also asked to help conduct mobile mapping for the 700-square-kilometer road network, which includes 
7,900 kilometers of roads. The team needed to build a comprehensive application that contained 3D mobile mapping 
and reality mesh data to support the urban planning team. With this large area to cover and the deadline shortened 
from two years to one, AHCEC turned to an innovative and interoperable digital solution.

Conducting Surveying and Mapping with UAVs and Mobile Devices
To begin, the project team captured LiDAR data to create a hybrid model that also included unmanned aerial vehicle 
(UAV) data. Other team members drove through the streets to capture data for the model. AHCEC divided the city 
into 2.25-hectare cells and used six UAVs in the field. The 
team established 1,038 control points around the city, 
which allowed them to ensure accuracy and finish data 
capture in 85 days with 7,033 UAV flights.

Using ContextCapture, the project team processed 
nearly 750,000 images, about 13.7 terapixels, to create 
a realistic 3D model of the city. AHCEC also used a 3D 
mapping solution to manage the large amounts of mo-
bile mapping data. Orbit, Bentley’s 3D mapping solution, 
helped effectively manage and feature extract content, 
as well as publish mobile mapping data. The application 
was able to manage and extract the large amounts of 
drone data and create panoramic images for the model. 
The interoperability of the applications also allowed the 
model to be exported in web-ready formats for easier 
approvals from the government and other stakeholders.

AHCEC Developed Reality Model of Second-holiest 
City in Islam
ContextCapture and Orbit Helped Model and Survey 41,672 Buildings and 7,000 Kilometers of Roads

3D reality mesh of the Khalidiyah District generated with ContextCapture.
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Documenting Significant Historical Landmarks
By using ContextCapture and Orbit, AHCEC was able to document each historical spot in the city using realistic and 
detailed models. These models were used to help develop new roads through the city, superimposing other models 
on the reality model so designers and engineers could see everything accurately and clearly laid out.

The model captured every feature of the highly congested area, including trees and the texture of the buildings. Even 
narrow, dark alleys were modeled in great detail with a combination of laser scanning and photogrammetry. The 
team also implemented data from existing point clouds.

The model provided a single location where the multidiscipline site planning and engineering teams could find in-
formation that they needed. It is now easy to share the models with other departments, as well as visualize and 
measure without having much experience in 2D or 3D modeling. Lastly, the team conducted a feasibility study for a 
3-kilometer walkway between two important mosques, as well as conduct shading analyses to allow for maximum 
walking comfort between the mosques and surrounding facilities.

Creating a Solid Foundation for Future Projects
Reality modeling provided the team with a reliable survey technique that minimized modeling time and costs while 
streamlining decision-making and visualization. AHCEC’s reality model helped the team complete the project 15 
months ahead of schedule while still creating a design that facilitates pilgrim access to Al-Madinah. Using Context-
Capture and Orbit, the project team completed the objective in nine months, saving over a year in surveying time and 
more than SAR 42 million. The team captured more than 750,000 images, modeled 41,672 buildings, and surveyed 
more than 7,000 kilometers of roads in high definition.

This project was the first of its scale in Saudi Arabia to use consumer UAVs in such a short timeframe. Moving forward, 
the team will use Bentley’s iTwin® Services to create a digital twin. AHCEC plans to collect information from utilities, in-
cluding environmental sensors, to add to the reality model. The team plans to implement AssetWise and ProjectWise, 
creating a single source for all project information that can be contained in the reality model.

Aude Camus is a senior solution marketer with Bentley Systems, responsible for ContextCapture, Orbit 3DM, Open-
Cities Planner, Descartes, and Pointools. She is part of Bentley’s digital cities business unit and focuses on Bentley’s 
reality modeling products. Graduated from SKEMA Business School in France, Camus has nearly 15 years of experi-
ence in selling and marketing engineering and geospatial software.

3D reality mesh of 216 sqkm of the Al Jumah District generated with ContextCapture.
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When it comes to surveying for road construction projects, speed mat-
ters. Surveyors need speed to be efficient in the field and to reduce 
costs. But the speed of cars racing by matters too––particularly in 
Germany where there are no speed limits on some Autobahn sections. 
Here, surveying is not for the faint of heart.

International construction company Strabag AG is well-versed in col-
lecting survey measurements along active highways.  “It can be quite 
unnerving to capture ground measurements when cars are racing past 
you at 150 km/hour,” says Thomas Gröninger, division manager of 
digitalization in Strabag’s office in Regensburg, Germany. “Transport 
infrastructure projects challenge us to acquire precise field data as 
efficiently as possible while protecting our crews’ safety. Most con-
ventional methods still require us to close roads or re-route traffic to 
safely work, which adds time and cost to projects. And it’s difficult to 
get permission to fly drones over highways. Ideally, we’ve needed a 
system that would allow us to be safely on the road.”

Enter mobile mapping. 

Strabag viewed vehicle-mounted 3D mobile mapping technology as a 
promising solution to allow crews to work in traffic, giving them the 
tool to acquire centimeter-grade spatial data at highway speeds without 
sacrificing data quality or the crews’ welfare. 

One year after first mounting its system, the mobile spatial imaging 
technology has not only become a needed complement to its traditional 
survey instruments and unmanned aerial systems (UAS), it’s helped 
Gröninger’s division redefine the business of road and railway proj-
ects, discover new applications for mobile mapping, and steadily drive 
them toward new opportunities.

The case for mobile mapping
According to Gröninger, the case for acquiring mobile mapping tech-
nology crystalized in 2018. The company had become focused on inte-
grating BIM into its roadway projects –– both by choice and by request 
–– which require frequent measurement updates for planning and for 
monitoring construction progress. Crews were not only challenged to 
collect that information on a weekly, and sometimes daily basis with 
their conventional survey methods, they were also at risk each time 
they returned to the roadway. 

With its reputation for delivering complicated transport projects on 
time and on budget, Gröninger says they needed technology that would 
allow teams to keep up with the breakneck pace of their design/build 
assignments.  “Mobile mapping can be used to map everything in your 
path, enabling you to extract features and objects whenever you need 
them,” he says. “All of the features are in the point cloud and imagery, 

so there’s no need for follow-up visits or rework. Additionally, the 
technology enables you to collect data in traffic over long distances. A 
convention-al surveyor, for example, would need about three weeks to 
measure a 50-km highway. With mobile mapping, we can set ground 
control points, drive that highway and process the 3D data in about a 
week––the driving itself would only take two hours. It’s a great tool for 
construction, as-built surveys and rapidly changing sites.”

Strabag purchased the Trimble MX9 mobile mapping solution, a field-
to-finish system that combines high-density laser scanning, a spherical 
camera for panoramic and multi-angle imagery, and a high-precision 
Applanix GNSS IMU (inertial measurement unit) component. All sen-
sors are time synchronized with precise GNSS time tags and are linked 
to the trajectory that is recorded with the GNSS/IMU subsystem. This 
synchronization allows all recorded points and images to be properly 
aligned in a post-processing step.

“We trialed other systems that only offer one laser scanner,” Gröninger 
says. “If you drive 100 km/hr with one laser scanner, you get a less-
dense point cloud, which makes it difficult to extract features like the 
edge of a curb. The MX9 provides two laser scanners that each capture 
one million points per second. That gives us an incredibly high-density 
point cloud. It’s also quite compact and lightweight, which makes it 
easier to set up.”

Since acquiring the MX9 in late 2018, the company has wasted little 
time in getting it on the road, establishing efficient workflows for col-
lecting and processing the geospatial data and building its 3D mobile 
mapping business––both in responding to tenders and proactively 
creating work opportunities through demonstrating the technology’s 
capabilities.

Mapping the highway 
One of those educational opportunities came soon after Strabag began 
using the MX9. The Northern Bavaria Motorway Directorate (NBMD) 
was planning to renovate a highway near Regensburg; Gröninger’s 
division saw a chance to show the public authority how a mobile 
map-ping, multi-sensor approach could be of benefit in designing and 
constructing the new highway.

“Part of our job is to educate existing and new clients on what new tech-
nologies can do for them, and in particular, how multiple technologies 
can be integrated for surveying and design projects,” says Gröninger. 
“So we went to the Directorate and offered to map the highway seg-
ment planned for renovation using a mobile mapping system and UAS 
to show them the data and the benefits of the technologies.”
 
Intrigued, the NBMD launched a pilot project, tasking Strabag to scan 
and collect imagery of a section of the two-lane A93 highway and 
create a DTM with an absolute accuracy of 1.5 cm horizontal and 2 
cm vertical. Covering a 20-km stretch, they would also pair the 3D 
mapping data with UAS imagery that captured features 200 m either 
side of the highway.

By Mary Jo Wagner

Driving Efficient Data 
Capture – Literally
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For data accuracy and quality, a field team used a Trimble SX10 scan-
ning total station to survey and mark 120 ground control points (GCPs) 
to provide control for the mobile mapping. A traffic safety vehicle pro-
tected the ground crew as they marked and measured the GCPs with a 
transparent spray paint only visible to the MX9.

After the two-day GCP process, they were ready for the data-collection 
drive. With the MX9 mounted on their 2m high vehicle, the team drove 
the highway in two directions, with each trajectory totaling 10km. As 
they traveled the highway at 80 km/hr, the system scanned structural 
features such as break lines, pavement edge lines, road and building 
signs and road markings––any feature within 50m of the side of the 
road––and captured panoramic and multi-angle photos every 5 meters. 
In two hours, they collected the entire point cloud of the 20km section.

“A significant advantage of the MX9 is the so-called ‘butterfly con-
figuration’ of its two lasers,” says Gröninger. “That unique position-
ing enables them to scan ‘cross-wise’ and capture features that might 
otherwise be blocked. For example, if you’re driving on the highway 
and a car passes, if we have only one scanner, then we’ll have a shadow 
in the point cloud. But because the MX9 has two scanners, if one is 
blocked because a car passes, the other scanner will capture the points 
behind the car. It’s perfect for optimizing data capture.”

In the office, a team used Trimble Business Center (TBC) software 
to integrate the GCPs with the scanning points to process the 30GB 
point cloud. From the 3D view, they extracted a host of features such 
as break lines, pavement edge lines, markings, crash barriers, and 
curbs and produced a more user-friendly vectorized dataset. In a final 
processing step, they created the centimeter-accurate DTM of the A93 
highway, and then they delivered the vector dataset, the UAS images, 
and the DTM to the NBMD. 

“Many people think that they can only use one technology for a proj-
ect, but that’s not true,” says Gröninger. “This project proved that you 
can combine mobile mapping with other technology to give clients a 
rich dataset. Having a 3D model of the highway can greatly assist the 
Directorate in designing the new roadway, and once construction is 
underway, mobile mapping will allow them to quickly and precisely 
acquire as-built data to support their progress.” Carrying out this pi-
lot project will also put Strabag in a strong position to respond to the 
NBMD when it issues the official tender for the A93.

Racking up kilometers 
In addition to demo projects, Strabag has been putting on hundreds of 
kilometers on the MX9 with numerous other transport infrastructure 
projects both in and out of Germany.

They’ve taken it to planned construction sites to capture 3D measure-
ments of existing sites and for calculating quantities, scanned build-
ings, driven roads to produce DTMs of routes and buildings to support 
planning and BIM processes, and navigated railway lines with it. 

Austrian transport company, Graz-Köflacher Bahn und Busbetrieb 
(GKB), commissioned Strabag to use the MX9 to scan and measure a 
51km long stretch of railway for a planned electrification of its route 

network in Styria, Austria. To avoid disrupting rail operations, the 
point cloud needed to be collected at night. Mounted on to a special 
locomotive of the GKB, the system scanned all visible features, includ-
ing those overhead along the track between Lieboch and Wies. 

The data was again processed in TBC and the 3D dataset was provided 
to the GKB to help simplify and inform the planning and design of the 
new electrical infrastructure that is scheduled to go into operation by 
2024. “The ability of the MX9 to capture data at night gives us great 
flexibility for projects like railways where operations can’t typically 
be stopped,” says Gröninger. “And because it scans overhead, we can 
measure power lines, which are a very complicated to survey with a 
tachymeter.”

Mobile mapping has enabled Strabag to successfully venture into new 
territories such as airports.

 Gröninger’s division has been on the ground floor of Munich Airport’s 
Terminal 1 expansion project, a €455 million undertaking that will 
construct a new pier and create a 95,000 sq m apron to accommodate 
six wide-bodied aircraft or twelve smaller aircraft.

Before construction could begin, the lead engineering company needed 
a precise survey to retain an accurate as-found map of the existing space 
and its structures before it was demolished.  The fieldwork began with 
setting out a network of GCPs across the 95,000 sq m concrete apron 
and measuring them with the Trimble SX10. A team used the MX9 to 
scan the whole area of interest, capturing all the buildings, markings, 
lights, signage and concrete joints and seams in one hour. 

They integrated the survey measurements and scanning points in TBC 
to produce the 3D model of the site, clearly showing the real-world 
view of the terminal’s infrastructure, from the smallest concrete joint 
feature to the tallest light pole. The point cloud provided the critical 
foundation for planning the massive construction project, the first 
phase of which began in July 2019. 

“Surveying such a large site with conventional methods would’ve 
required several days of work and added cost,” says Gröninger. “With 
mobile mapping, we collected all the needed field data in one hour. And 
there’s no question about data quality or choosing which features to 
measure because every object is contained in the detailed point cloud. 
If the MX9 can see it, it captures it. That gives us a lot of confidence 
and security in the field, which is particularly important on highway 
projects and airports where revisits are difficult.”

As pressures to cut field time and reduce costs are as common as sur-
vey tools them-selves, technology that enables crews to be nimble and 
productive, and keeps them safe, is a smart approach. Mobile mapping 
has proven to be a clever choice for Strabag as it drives them toward a 
long highway of success.

MARY JO WAGNER is a Freelance Writer, Editor, and Media Consultant based 
in Vancouver, BC. She can be reached at mj_wagner@shaw.ca.
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Zweig Group recently released its 2020 Policies, Procedures & Ben-
efits Report of AEC Firms. This publication was compiled with data 
gathered from architecture, engineering, and design industry firms 
regarding firm policies, strategies, and benefit plans for the present 
and future.

Over 450 responses across three major online surveys were analyzed 
to provide an in-depth look at general policies, human resources (HR) 
staffing & spending, firmwide compensation strategies, insurance 
plans, and leave policies among many other topics. Additionally, these 
topics are broken down by firm attributes like staff size, firm type, 
region, etc. for specific firms to benchmark themselves against similar 
situations.

Most of the data displayed in the publication comes from two online 
surveys. In addition to the flagship Policies, Procedures & Benefits 
survey, responses from Zweig Group’s Best Firms To Work For survey 
were also included as applicable. Not only does the combination of 
responses from these two surveys strengthen the data sample, but it 
allows firms to benchmark themselves against the “best of the best’.

HR employees in the AEC industry made up a median of 1.6 percent of 
a firm’s total staff. Typically, this percentage is inversely proportional 

to total staff size, meaning that as a firm grows, its HR staff as a per-
centage of total staff decreases. This is seen in the publication where 
firms over 250 employees saw this percentage drop to 1.1 percent.

Over the last five years, HR spending as a percentage of net service 
revenue (NSR) has fluctuated between 1.4 and 1.8 percent. However, 
in the last two years, this percentage has remained stagnant at 1.7 
percent. HR staff labor accounted for about 55 percent of total HR 
spending on average. The next highest expenditures were employee 
training, recruiting firms, and advertising.

To accommodate those looking to reassess their major policies during 
the COVID-19 pandemic, Zweig Group has also included analyzed data 
from its AEC Industry Outlook and Response to COVID-19 survey. 
Two-thirds of firms say that the COVID-19 pandemic has caused them 
to change their telecommuting policies. 71 percent of firms anticipate 
long-term strategic changes to how their staff will work in the future. 
Information on travel policies, business development, and networking 
as it relates to the pandemic are all shared in this publication

The compilation of data presented in this publication will give firms 
in the AEC industry the necessary resources to benchmark its current 
policies and react to the ever-changing work climate. The 2020 Poli-
cies, Procedures & Benefits Report of AEC Firms is a comprehensive 
study that will keep firms current and help them maintain employee 
satisfaction.

2020 Policies, Procedures 
& Benefits Report 
By Tyler Thompson

TYLER THOMPSON is the Research Manager at Zweig Group. He can be reached 
at research@zweiggroup.com.
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