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Diversions: Au revoir
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In his final column, Andy Sciarabba, P.E., T.G. Miller, P.C., Engineers and
Surveyors, lists his “greatest hits” from the last five years
(http://tinyurl.com/diversions-feb19).

Project Profitability: Preparing and editing
written materials
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Howard Birnberg, Association for Project Managers, offers steps to help
improve writing and editing skills (http://tinyurl.com/projectprofit-feb19).

ART director

Puerto Rico power mission

For subscriptions or change of address,
please visit our website

JoAnne Castagna, Ed.D., public affairs specialist, highlights the U.S. Army
Corps of Engineers’ use of GIS to map Puerto Rico’s electrical power grid in
order to make repairs following Hurricane Maria.
(http://tinyurl.com/feb19online-1).

Snapshot of the Task Force
Power Restoration web viewer.
Photo: USACE

Top 10 Skyscrapers
Every year since 2000, an expert international jury of architecture experts
chooses the top 10 skyscrapers completed during the previous calendar year
based on aesthetic and functional design criteria
(http://tinyurl.com/feb19online-2).

Clean water awards
The U.S. Environmental Protection Agency recognized 30 clean water
infrastructure projects for excellence and innovation within the Clean Water
State Revolving Fund program (http://tinyurl.com/feb19online-3).

4

csengineermag.com

February 2019

Maisie Johnson | 479.435.6978 | mjohnson@zweiggroup.com

csengineermag.com/subscribe/
or call 800-466-6275

800-466-6275
1200 North College Avenue, Fayetteville, AR 72703
PO BOX 1528, Fayetteville, AR 72702-1528

CIVIL+STRUCTURAL ENGINEER IS A ZWEIG GROUP PRODUCT
MARK C. ZWEIG, CHAIRMAN, ZWEIG GROUP LLC
Civil + Structural Engineer (ISSN 23726717) is published monthly by Zweig Group, 1200
North College Avenue, Fayetteville, AR 72703. Telephone: 800.466.6275. Copyright© 2019,
Zweig Group. Articles not be reproduced in whole or in part without the written permission
of the publisher. Opinions expressed in this publication are not necessarily those of Zweig
Group. Unsolicited manuscripts will not be returned unless accompanied by a stamped, selfaddressed envelope. Subscriptions: Annual domestic print subscription rate is $15 for 12
issues or $30 for 24 issues. Annual digital subscription is free. All print subscribers receive
digital editions in addition to print subscription. Call or write for international rates. To subscribe
or update your subscription information, please visit our website www.csengineermag.com/
subscribe/; or mail subscription requests and changes to Circulation Dept, C + S Engineer,
1200 North College Avenue, Fayetteville, AR 72703; or call 800.466.6275.

Register today for the
architecture & design
event of the year!
Image:Image:
Sam Morris/Las
Vegas
News
Bureau
Sam Morris/Las
Vegas
News
Bureau

conferenceonarchitecture.com

AIA Conference on Architecture 2019
June 6–8, Las Vegas
conferenceonarchitecture.com

FROM THE PUBLISHER
Sometimes, in spite of efforts not to do so, engineers end up becoming managers. And
it isn’t a transition that every engineer easily makes.

This new role — from being a “doer” to someone who manages others who are doing
— is fraught with peril. Peril for you, if you are the one making the transition. Things
will change. Other people will look at you differently and treat you differently. It’s not
going to be the same!
To be effective in your new role, it is important to make other people like you. Here are
some tips for getting others to like, trust, and accept you in your new managerial role:
Find the most senior employee in your group — no matter what their role or
status — and win them over. To do this, you need to help them with something. No
matter how big or small the task, getting this person on-board to tell others that you are
good is crucial!

Becoming a
manager
The transition from engineer to
manager is fraught with peril.

Meet with everyone in your team or work group to get their input on problems,
solutions, and concerns. Listen more than you talk. Make no promises but be sincere in
seeking input. People like being asked for their opinions and being part of the solution
to problems. Do the same thing with other managers who are at the same level as you.
Show you are willing to work. Put in the hours that show you work as hard as the
other guy. And don’t forget, everyone likes someone who does things and doesn’t just
tell other people how to do things. So, the new manager needs to be a doer and help put
out the work that is required by whatever work group, team, department, or office he or
she oversees. Being a good worker is always an important element of gaining respect
from the troops.
Be very conscious of symbolism. Don’t immediately take a bigger office or better
parking space if you can avoid it. It will do nothing but cause resentment.
Promote the accomplishments of your team/department/office, and especially
those of the individuals who work for you. Of course, this must be done appropriately,
but there is nothing wrong with some sort of weekly or monthly reporting of facts and
tasks accomplished that show what you and your people are getting done. Your troops
will love you for it!
One last thought: Keep reading Civil + Structural Engineer magazine! We are here
to help you, and we work hard each month to keep our content relevant and useful to
people like yourself.

MARK C. ZWEIG
mzweig@zweiggroup.com
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Headlines
December 2018 and January 2019 were a busy months for announcements about mergers and acquisitions in the civil and structural engineering
industry. Here’s some headlines you might have missed:
• Summit Engineering Group completes integration with Modjeski and Masters (https://tinyurl.com/jan19-headlines1)
• Alan Plummer Associates acquires FEI Engineers (https://tinyurl.com/jan19-headlines2)
• Atwell acquires Texas Engineering Solutions (https://tinyurl.com/jan19-headlines3)
• Gannett Fleming acquires BB&A (https://tinyurl.com/jan19-headlines4)
• McKim & Creed acquires Jehle-Halstead, Inc. (https://tinyurl.com/jan19-headlines5)
• WGI acquires Big Red Dog (https://tinyurl.com/jan19-headlines6)
• VHB acquires Ecological Engineering (https://tinyurl.com/jan19-headlines7)
• Cardno acquires Raba Kistner, Inc. (https://tinyurl.com/jan19-headlines8)
• Ramboll to acquire U.S. engineering and design consultancy OBG (https://tinyurl.com/jan19-headlines9)
And in other news about civil and structural engineering firms:
• HDR helps Orange County Transportation Authority secure FTA Grant (https://tinyurl.com/jan19-headlines10)
• Oregon engineer wins traffic light timing lawsuit (https://tinyurl.com/jan19-headlines11)
• CDM Smith launches Reboot Re-Entry Program (https://tinyurl.com/jan19-headlines12)
Visit csengineermag.com daily for the latest news.
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engineering our future
Effective career development is a process you define and execute, not one that the company

lays out for you. Too many young professionals are waiting for the company to create a plan for
the future when those programs are scarce. Training has soared to the No. 1 benefit as ranked by
employees of the best firms to work for. As such, you need to seek training for the skills that are
critical for your personal and professional development. Don’t wait for someone to do it for you.
It won’t happen!
Organizational support for training is certainly essential to give you access to learning and
development options. It starts with a CEO who sets the right example, is adaptable, encourages
new ideas, and is willing to invest in learning. The firm’s culture, set by the founders and current
principals, must also nurture career development. Sometimes that means flexibility with schedule
to allow training opportunities in a hectic project load.
Here are some areas with which I have found employees in AEC firms need a lot of help:

Seek the
skills you need
Ambitious engineers shouldn’t
wait for permission or for a
ready-made program.

Basic business software — We train people on AutoCAD and Microstation, but what about
Microsoft Word, Outlook, Excel, and PowerPoint? Most of us have to use these programs all day
long and yet know very little about how they work and what they can do. These programs are
essential for managing and growing the business, and thus, career development.
Writing — This is something that is eroding in our culture, thanks in part to cell phones. You need
to be able to organize a report that will “wow” the reader. You need to be able to write a proposal
that gets the sale. You need to be able to write clear and effective emails and know who to copy.
Money spent here will pay big dividends for the company down the road.
Public speaking — Everyone needs to know how to be an effective speaker. This becomes
increasingly important as your career progresses. Look up at the people you are talking to. Don’t
say “um” every 10 seconds. Get your point across succinctly. There are so many meetings and
presentations where you need to speak and communicate effectively. You represent your entire
firm every time you talk, so the importance of this cannot be understated.
The business of our business — You need to learn the basic mechanics of accounting, billing,
and collection; marketing and sales; and how to recruit and retain employees. The list is long.
You can find courses that teach these critical career development skills and receive continuing
education credit for your professional license. Not all training has to be technical! Knowing how
a design firm makes a profit, what it means to be an owner, and how to grow the company are all
critical pieces of knowledge for an ambitious engineer.
To develop your career, you must seek the skills you need to grow. Don’t wait for a CEO to give
you permission, and don’t wait for a ready-made program. Take your career by the horns and make
learning and skill development a constant in your life.

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

on the rise

Farshad Berahman,
Ph.D., CEng, MIStructE

Sean Clifton, P.E.,
S.E., LEED AP

Danya Mohr, P.E., S.E.

Krista Bethune
Melnar, P.E.

Daniel Barbato, P.E.

Sam McCachern, P.E.

Brian L. Fischbach,
P.E., LEED AP

George R. Mulholland,
S.E., P.E.

Sarah K. Flock, NCARB, Patrick E. Reicher, S.E.,
BECxP, CxA+BE
REWC, REWO, CCS, CCCA

Amy Huller, P.E.

James Parks, P.E.

James M. Bazata,
P.E., ENV SP

Brian Buchanan

Carol Holland, P.E.,
LEED AP

Christian Volz, P.E.,
LEED AP

Angela Chambers, P.E.

Alan Zhao, P.E.
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Magnusson Klemencic Associates (MKA) announced the following principal promotions: Farshad Berahman, Ph.D., CEng, MIStructE, the
leader of MKA’s High-Rise Structures Technical
Specialist Team, has 20 years of design and structural
engineering experience managing large, complex
projects. Sean Clifton, P.E., S.E., LEED AP, is a key
member of MKA’s Residential and Hotel Specialist
Group with extensive experience across the country
and internationally in residential, hospitality, and
large mixed-use developments. Danya Mohr, P.E.,
S.E., is a key member of MKA’s Retail/Mixed-Use
Specialist Group with a wide range of experience in
retail, mixed-use, and hospitality markets globally.
Freese and Nichols, Inc., welcomed Krista Bethune
Melnar, P.E., an accomplished project manager, as
the firm’s new stormwater practice leader. She also
will manage the Central Texas Stormwater Group,
including the Austin and San Marcos offices.
Pennoni announced that Daniel Barbato, P.E., will
serve as the firm’s Newark, Del., office director, and
Brian L. Fischbach, P.E., LEED AP, will serve as
the firm’s Pittsburgh office director. Barbato previously served as the firm’s regional practice leader, division manager, and senior engineer in the municipal
engineering division. Fischbach previously worked
as division manager and senior engineer in Pennoni’s
civil/site division.
Georgia Trend named Sam McCachern, P.E., president and CEO of Thomas & Hutton, a 2019 Notable
Georgian, recognizing his service on community
organizations.
Raths, Raths & Johnson, Inc. (RRJ) promoted
George R. Mulholland, S.E., P.E., Sarah K.
Flock, NCARB, BECxP, CxA+BE, and Patrick
E. Reicher, S.E., REWC, REWO, CCS, CCCA,
to principals. Mulholland’s forensic structural engineering career spans more than 30 years at RRJ and
has provided project leadership and management
of structural and building enclosure evaluation,
field investigation and testing, and remediation
design. During Flock’s 16-year architectural career
at RRJ, she has developed recognized expertise in
exterior wall systems’ water leakage, condensation,
and moisture intrusion investigation and resolution.
Reicher has more than 14 years of experience as a
project manager of building enclosure and structural
forensic investigations, evaluations, and repair design programs.

Castle Contracting, LLC expanded its in-house civil
design expertise with the hiring of James Parks,
P.E., as senior design manager and Amy Huller,
P.E., as design manager. Parks has a broad range of
expertise, including civil engineering, design and
consulting, geotechnical engineering and materials
testing, general contracting, construction management, estimating, and project management. An
experienced design engineer, project manager, and
GIS specialist, Huller’s expertise includes design
of residential, condominium, and subdivision sites;
commercial sites; and industrial sites and subdivisions.
GPI named James M. Bazata, P.E., ENV SP, vice
president and director of civil engineering for its
Babylon, N.Y., office. He has more than 28 years of
experience in civil engineering and transportation
planning/design for major infrastructure improvement projects.
HDR welcomed Brian Buchanan to the firm’s transit practice as a transit principal project manager and
transit section manager. Based in San Antonio, Texas,
he will focus on planning, directing, and monitoring
multidiscipline transit programs.
Mark Niemuth, Ph.D., associate III for Wiss, Janney, Elstner in Northbrook, Ill., was honored with
the Bryant Mather Award by ASTM International’s
committee on cement (C01).
Dewberry hired Carol Holland, P.E., LEED AP, in
the firm’s Baltimore office as an associate vice president and market segment leader in Maryland and
Washington, D.C. She has more than two decades of
experience of technical and executive management in
the AEC industry for federal, public, and private-sector clients. Christian Volz, P.E., LEED AP, joined
Dewberry as a senior project manager to help grow
its Charlotte-area water practice. Angela Chambers,
P.E., joined the firm as a senior project manager in
its Orlando, Fla., office. Chambers’ background includes government and private utility experience in
water, wastewater, natural gas, and liquefied natural
gas. Dewberry hired Alan Zhao, P.E., as a senior
project manager in its New York City office. Zhao
has more than 20 years of experience in management
and design of large-scale, multidiscipline infrastructure and municipal projects in both the public and
private sectors.
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April 2019

Geosynthetics Conference
Feb. 10-13 — Houston

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

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

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

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

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

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

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

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

IECA Annual Conference
Feb. 19-22 — Denver

Learn the latest updates and advancements in the erosion and sediment
control and stormwater industry and gain insight to critical issues facing
the profession.
www.eventscribe.com/2019/IECA

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

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

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

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

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

Tutorial and case study workshop sessions present critical areas every
project manager should know from the perspective of architecture,
engineering, and environmental consulting firms.
www.eventsquid.com/event.cfm?id=5286
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Educational and networking event for the structural steel industry,
bringing together structural engineers, structural steel fabricators,
erectors, detailers, and architects.
www.aisc.org/nascc

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

Targeted conference for owners and design-build practitioners in the
water and wastewater sectors.
www.dbwater.com

CEO Roundtable Retreat
April 10-12 — Scottsdale, Ariz.

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

The Principals Academy
April 24-25 — Dallas

Intensive course in all aspects of managing a professional service
firm, including business planning, marketing/business development,
accounting, financial management, project management, leadership,
mergers and acquisitions, ownership transition planning, and recruitment
and retention.
www.eventsquid.com/event.cfm?id=5193

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

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

AUVSI XPONENTIAL
April 29-May 2 — Chicago

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

DIVERGING
DIAMOND
INTERCHANGE
Coming to a Highway Near You:
An Insightful Solution to Your DDI Design

Presentation Objectives
• Diverging Diamond Interchange (DDI) background
• When should DDI be used?
• How to save time with planning & preliminary
stages of the DDI geometric design
• How to minimize iteration cycle during a DDI
geometric design
• How to use NEXUS DDI software for your DDI
design project

Tuesday
February 19
10am - 11am PST

Register Now!
https://attendee.gotowebinar.com/
register/8093517582620256515

February 2019

csengineermag.com

13

Q&A with
Wayne Swafford, P.E.
Lockwood, Andrews & Newnam’s president discusses business
development and marketing for growing AEC firms.
By Bob Drake

In late December, Wayne Swafford, P.E., president of Lockwood,
Andrews & Newnam, Inc. (LAN; www.lan-inc.com), participated
in an email interview highlighting LAN, his career, and views about
business development and marketing. Swafford, who became LAN’s
president in March 2018, is a structural engineer with more than 30
years of experience and has managed the operations and finances of
several organizations.
Previously, he served Kaiser Foundation Health Plan Inc. as vice
president of facility operations, responsible for planning, design, and
construction of a $1 billion multi-year capital program as well as the
operations of 140 facilities. Prior to that, he served AECOM Technology Corporation as a senior vice president responsible for planning and
design of transportation infrastructure in the Midwest, Southeast, and
eastern U.S. He also served as a principal at Teng & Associates.
Swafford holds bachelor’s and master’s degrees in civil engineering
from the University of Illinois at Urbana-Champaign (UIUC), and
a master’s degree in business administration from the University of
Chicago. He served UIUC’s civil engineering department as an alumni
board advisor for nearly a decade. He also has served professional organizations in various capacities, including chairing American Society
of Civil Engineers’ transportation and project management groups in
Chicago, and as a vice president and on the board of directors of the
American Council of Engineering Companies of Illinois.
LAN is a full-service consulting firm offering planning, engineering,
and program management services. Founded in 1935, LAN has grown
from a small Houston firm to a national leader in the heavy civil infrastructure engineering industry. A division of Leo A Daly, an international architecture/engineering firm, LAN has access to the expertise of
nearly 800 professionals in 31 offices across the country.
Civil + Structural Engineer (C+S): Briefly, what was your path to your
current position as president at Lockwood, Andrews & Newnam?
Wayne Swafford: After earning my degree in civil engineering from
the UIUC, my first job was at a 12-person civil engineering firm in a
small town in central Illinois. We served communities that did not have
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Wayne Swafford, P.E., who became president of Lockwood, Andrews & Newnam in
March 2018, is a structural engineer with more than 30 years of experience who has
managed the operations and finances of several organizations.
Photo: Lockwood, Andrews & Newnam

full-time engineers on their staff. I worked on a wide range of projects,
both public and private. One of the most unusual projects I worked on
was converting a large grocery store into a discotheque! My day-to-day
activity was not routine. We did what had to be done for the day. Some
days I would be designing small bridges; other days I would be surveying or inspecting sewers for condition assessments.
Early on, I learned an important lesson. It became apparent to me that
doing the engineering work was only one half of being a civil engineer.
The other half that is just as important is communicating with people
you are working with to bring the project together. I immediately realized the importance of writing, speaking, and working collaboratively
in teams.
Then, I went back to UIUC and got my master’s degree in civil engineering. After that, I was hired by a national engineering firm as
a structural engineer to work on large transportation infrastructure
projects such as major highways and commuter/transit rail systems.

My career followed a path of promotions through the technical ladder,
then through the management ladder. I was promoted from structural
engineer to structural team lead to project manager to structural department manager.
Along the way, I got my master’s degree in business administration
to broaden my horizons and view of life. From project management,
I transitioned into business management and started managing the
operations and finances of several technical organizations. This, ultimately, led to my current role as president at LAN, which is the top of
the business management path.
C+S: How does your varied experience impact or inform your current
role?
Swafford: All of us are impacted by the experiences that we have

lived. I have been fortunate to work in several industries on different
projects in locations throughout the country. I have been able to draw
on this breadth of experience to bring different insights to situations.
Whether it’s a flood control project or a highway or an industrial building, the business process is the same.
For example, during my last job, I transitioned from heavy civil/infrastructure to the health care industry. What I found surprising was that
the project development and funding process for health care facility
projects is extraordinarily similar to the funding acquisition process
for a highway project through the National Environmental Policy Act.
Some of the details might be different, but the overall thinking, flow,
and the decision-making process are the same.
Working in different sectors has also helped me approach different scenarios from a holistic perspective. When developing an infrastructure
solution, engineering efficiency is not the only criteria. You also need

Wayne Swafford discusses project plans with LAN Engineers Elizabeth O’Brien and Eric Hernandez. Photo: Lockwood, Andrews & Newnam
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to consider the different business, community, and other stakeholder
criteria.
For my current role, that’s what I have been able to bring to the table.
I can look at issues in different ways and help our clients in a way that
goes beyond just the most efficient engineering solution.
C+S: How is LAN organized and managed — i.e., geography, service
line, or other — and how do you share expertise and workload across
the organization?
Swafford: We are organized around the markets we serve — Infrastructure, Transportation, and Facilities. Each market group is responsible for how they serve our customers in different geographies. We
have invested in IT to help facilitate sharing work across geographies
so we can have teams in various cities working on the same project.
Having said that, there is no good substitute for face-to-face interaction.
We encourage our staff, when appropriate, to travel and work with each
other so they can form relationships beyond just exchanging information on a project. To become an effective team, you must understand
the people you work with and form relationships.
From a geographic perspective, while we originated in Texas, we are
expanding our presence in California and the Midwest region. It is a
benefit to us and to our clients to have staff in different locations for
two big reasons. First, it allows us to balance out geographic workload
fluctuations. More importantly, we have found that the expertise and
experience we gain in one geography benefits our customers in other
geographies.
C+S: What is LAN’s process for developing short- and longer-term
business plans?
Swafford: We use both a top-down and bottom-up approach to develop
short- and long-term business plans. The top-down approach involves
gathering information from our strategic development/marketing
group about long-term direction of the markets. They look at various
industry groups that forecast trends, evaluate how much money will
be spent on water and wastewater infrastructure, highways, railroads,
etc., and analyze the current issues and challenges. They also look to
identify the future trends in the industry such as smart technologies,
resilience to natural events, etc.
For the bottom-up approach, our business group directors and team
leaders in each market — Infrastructure, Transportation, and Facilities
— glean information from our clients on capital plans and programs.
We scan what’s on the horizon for each of our clients, the services we
can offer, and then reconcile this with macro-level industry trends.
An analogy that I like to use is that of buggy whips and cars. The people
who were making buggy whips saw a huge decline in business when
cars came into the picture. We want to make sure we are not trapped in
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Wayne Swafford and LAN’s Vice President and Facilities Team Leader JP Grom
discuss program management services offered by the firm for school districts in
Texas. Photo: Lockwood, Andrews & Newnam

the buggy whip business and be prepared to serve the long-term needs
of our clients. We will make buggy whips as long as there is a demand
for them. We just need to be prepared for when the demand diminishes.
C+S: How do those plans drive marketing and business development
efforts?
Swafford: The plans drive our investment in expertise and approaches
to delivery of projects that align with market/client needs. We give
more attention to opportunities that help us position our business better
for future work.
From a demographic perspective, we know the trends show the growth
is toward urban areas. Usually, urban areas are trying to deal with the
expansion of population beyond their borders and the infrastructure
needed to keep up with that growth. But today, urban areas are also
grappling with questions about what they are going to do with their
existing infrastructure. Most of our infrastructure in urban cores have
reached the end of their useful life.
Consequently, we are positioning ourselves to help our clients sustain
their infrastructure assets both in the horizontal side (utilities) and the
vertical side (facilities). We are doing more and more work related to
infrastructure/asset inventories and condition assessments. We are also
doing more work to understand technologies that can be deployed once
we know more about these infrastructure assets.
For example, once we know a pipe is deteriorating, we are putting
more emphasis on the types of technologies that might be deployed to
extend the life of these pipes. At the same time, we are helping clients
to start planning for redundancies in their systems when they need to
do repairs or replacements.
But at the end of the day, I believe our most effective marketing/business development strategy is delivering great work for our clients.

C+S: How have marketing and business development at engineering
firms changed during the last 10 years or so, and what changes have
been the most significant?

with their own professional development but also benefits our firm in
the long run.

Swafford: When I started, a lot of the marketing and business development was based upon personal relationships with clients. And these relationships were developed during lunches/dinners or on golf courses.
Today, relationships are developed by getting in the trenches with the
clients, understanding their real needs and the problems behind their
problems. This has allowed us to come up with better solutions for
their issues. And, in turn, clients trust our expertise and ability to deliver projects.
Also, the workforce has become more diverse. At LAN, we are fortunate to have employees with different backgrounds, races, expertise,
and experiences and that has allowed us to better understand our clients’ needs and solve their problems.
C+S: In a healthy and competitive market, what are some of the risks
and roadblocks in business development for an engineering firm?
Swafford: To differentiate themselves in this competitive market,
engineering firms sometimes try to push the envelope too far to come
up with “innovative” solutions. But, these solutions can be risky, especially from a cost standpoint. By convincing yourself that you must
do something different, you may create an unworkable or unbuildable
situation. In an era where finances are a challenge, it is critical that we
develop responsible solutions that provide clients value for the money
they are spending on the project.
As far as roadblocks, engineers can be conservative when it comes to
marketing and business development. The typical thought process that
engineers have is that a solution provided by one civil engineering firm
can be provided by any other civil engineering firm. It’s difficult to
create and sell around differentiation if you can’t articulate what makes
your solution unique. It is important that engineering firms are aware
of this mindset and work on changing it to better sell their services to
clients.
C+S: In today’s market, can partnering and joint ventures play important roles in firm growth and business development? If so, how does
LAN seek those opportunities?
Swafford: Partnering and joint ventures definitely help with firm
growth. We often seek opportunities to partner with firms that offer
capabilities that complement ours. We like to partner with firms that
have similar cultures and values and can complement our skills and
expertise. Having the right partner, whether we are a prime consultant,
sub-consultant or joint venture, is essential for us to serve our clients.
We typically look for these opportunities through the various professional groups our employees participate in. We encourage our staff to
stay connected and develop relationships with other people in the industry through these professional groups. It not only helps employees

C+S: What are some successful marketing and business development
efforts you’ve seen recently, either at LAN or at other firms?
Swafford: One of our biggest marketing and business development
successes that we had recently was in the asset management space.
A few months ago, a major city in Texas wanted to do an asset management of its vertical (facilities) and horizontal (utilities) structures.
(The city split the solicitation into two, one for vertical and one for
horizontal assets.)
Over the last few years, our Facilities group has been providing asset management services to independent school districts in Texas. The
group was also expanding these services to some of the state’s agencies.
At the same time, our Infrastructure group has been assisting our clients with inventory and condition assessment of their horizontal assets,
which is the first phase for developing asset management programs.
When the asset management solicitation came out, our Facilities and
Infrastructure Groups saw an opportunity to combine their skills and
expertise. At the same time, we also partnered with a global asset
management firm with municipal finance expertise to complement our
engineering expertise. By combining the skills of two of our business
groups and partnering with a non-traditional firm working in a different
space, we won both projects. We will be serving as the prime for the
vertical portion while our partner will be the prime for the horizontal
portion.
And the third critical element of this success is that we chose the right
client to put all the pieces together. While we have had many successes
recently at LAN, I am especially proud of this win.
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Ground improvements works. Image: courtesy of NX2 Group

Visualizing geological
conditions
3D modeling plays important role in design of New Zealand motorway.

The Pūhoi to Warkworth project is an 18-kilometer motorway extension to provide a better connection between New Zealand’s largest city,
Auckland, and the neighboring Northland region. With an estimated
cost of more than NZ $700 million (over 25 years), it is a key investment in the region’s infrastructure. The aim is to improve the safety,
reliability, and resilience of the state highway.
In May 2015, the NZ Transport Agency announced that it would proceed with construction under a public-private partnership (P3). Under
the P3 contract, the Northern Express Group (NX2) will finance,
design, construct, manage, and maintain the Pūhoi to Warkworth motorway for the 25 years that will follow the expected five-year period
to build the motorway. Full ownership of the highway will remain with
the public sector.
NX2 subcontracted construction to a Construction Joint Venture (CJV)
between Acciona Infrastructure and Fletcher Construction. In turn, the
CJV is subcontracting design work to a Design Joint Venture (DJV) of
two Australasian engineering consultants, Beca and Tonkin & Taylor.
Both Beca and Tonkin & Taylor have a strong presence in New Zealand
and understanding of local conditions. Detailed design work started in
late 2016 and the motorway will be open for traffic in late 2021.

The setting

The population of Auckland has grown to more than 1.5 million, while
18
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the Northland region is expected to reach a population of 171,000 by
2031. Warkworth is classed as a major growth center of the Northland
area; 19,700 cars a day were using the route in 2012, but this is set to
rise to 31,300 cars a day by 2026. With this growth, the road to and
from Auckland requires a faster and more economical route to support
it.
In addition, the safety factor is also a key consideration as several
fatal crashes have occurred between Pūhoi and Warkworth in recent
years, some of which were head-on collisions. Therefore, a separated
motorway with a central median barrier and improved road design will
greatly improve safety.
The DJV originally used Leapfrog in the tender phase of this project to create a 3D geological model of the route. The 3D geological
model was imported into OpenRoads software to model motorway
geometrics. Having the geometric design model simply incorporated
with the 3D geological surfaces allowed the slope profiles and cutand-fill quantities for different alignments to be compared quickly and
easily. This allowed optimization of the geometric model to balance
earthworks mass haul for the project to assess the most cost-effective
alignment for the motorway.
The 18-kilometer extension of the motorway is a large and complex
project where the road corridor cuts through steep hill country with
numerous steep-sided valleys, which are often filled with soft alluvial
sediments. The final design requires several significant road cuttings
and embankments to be created, with more than 7 million cubic meters
of earth to be cut and 5 million cubic meters to be filled.
The project also requires seven bridges to be constructed, three of
which are large viaduct-type bridges. A suitable project-wide ground
model was required as a basis for geotechnical design of the proposed
earthworks and structures.

The outcome

The DJV has been able to produce more accurate 3D surfaces because
of using Leapfrog Works. The more accurate the interpretation of the
geological model, the better the outcome of the design. The team was
able to better highlight to the other project staff the risks and uncertainties around the model.

The 3D subsurface model encompasses the full length of the 18.5-kilometer
alignment.

Understanding the material makeup of the mass-haul balance on this
type of project is crucial because earth extracted from one part of the
construction can be used to fill in another part of the site if it is of
sufficient quality. The aim is not only to reduce the amount of wasted
material but to understand that material’s composition and therefore
how it can be used appropriately, saving money and time.
Environmental considerations were a key aspect of the project as the
alignment traverses greenfield land, some covered in native forest. Approximately 162 hectares of vegetation are to be cleared and then a
significant tree planting program is taking place. So, minimizing the
cut-and-fill footprint is important to ensure the minimal number of
trees are removed to reduce the impact to the surrounding environment.

Leapfrog Works has transformed the way that the geotechnical team
has worked. This solution has meant that the geological surfaces have
been able to be mapped by a geologist, rather than engaging a CAD
technician to work alongside a geologist, so it has been a smoother
process.
As project engineers needed sections, they were able to come straight
to a single point of contact to quickly create the desired section, rather
than have to draw something, then request a CAD technician to create
this afterwards. This has saved time and reduced the effort in having
to reproduce work.

The response

The DJV turned to Seequent’s Leapfrog Works as its modeling tool of
choice. Leapfrog Works is an implicit 3D geological modeling solution
that enabled the DJV to more accurately define the geometry of the
cuts.
“Leapfrog really helped us on what has been a significant and challenging project,” said Stuart Cartwright, senior engineering geologist, Tonkin & Taylor. “The length of the proposed motorway and its
alignment through such steep topography made the ground model
development challenging. The contact surface between the weathered
Pakiri formation soil and underlying unweathered rock was critical for
assessing likely cut slope profiles and excavation footprints.”
Detailed design started in October 2016 and is ongoing. The team
started collecting ground investigation data and used this to input into
the model. Chris Monk, engineering geologist, Tonkin & Taylor said,
“There were three areas of focus for our geotechnical model: North,
which showed low-lying topography; Central, which has significant
cut-and-fill embankments; and South, which contained two viaduct
structures. So, it was important we could use a modeling tool that
worked flexibly to work around the different geology and surface types
to give accurate outputs.
“We were able to continuously update the model as new investigation
data was produced,” Monk said. “We modeled 210 cone penetration
tests and brought in data from 420 boreholes, 355 hand augers, and 220
test pits. Having a dynamic model that evolves as new data is provided
has saved the team time from not having to recreate a new model every
time, leaving us more time to focus on the analysis.”

Cut and fill slopes vary according to the geology.

The geotechnical team was able to leverage the great visualization
of Leapfrog Works to bring together and better communicate across
such a wide range of project stakeholders, including the CJV, quantity
surveyors, surveyors and geotechnical engineers, and bridge designers.
“Being able to show the model in 3D and cut sections at any desired
location instantaneously enabled others to visually understand the geological conditions of the site with much better clarity,” Cartwright said.
“In the past we would have gone with paper sections, but the 3D model
outputs and graphical interface changed the way we communicated
and collaborated.”
As major infrastructure projects become increasingly large and complex with multiple stakeholders, having a 3D ground model to support
the understanding of the geology allows geotechnical teams to improve
efficiency of design. Easily maintaining a dynamic model over the
course of the proposal and design is transforming the way ground engineers are working. This is a real step forward to enabling this industry
to become more responsive in an increasingly digital world.
Information provided by Seequent (www.seequent.com), developer of data
visualization software and collaborative technologies.
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The 2018 Project of the Year reconstructed the Interstate 66/Route 15 interchange in Prince William County, Va., as a Diverging Diamond Interchange.

Nation’s best design-build
projects recognized
Design-Build Institute of America celebrates diverse projects and
collaborative teams that produce projects that inspire.
In November, the Design-Build Institute of America (DBIA) announced
the winners of its 2018 National Design-Build Project/Team Awards
competition. The program promotes diversity in project size, sector,
and geography while celebrating the innovative and collaborative
teams that produce projects that inspire. This year’s winners consist of
29 projects across sectors including aviation, civic buildings, transportation, and water/wastewater.

“This year’s National Design-Build Project/Team Award winners prove
beyond a shadow of a doubt that design-build is changing the way
America builds and delivering impressive results in communities from
coast to coast,” said Lisa Washington, CAE, DBIA executive director/
CEO. “Across all sectors and project sizes, these winners demonstrate
the power of collaboration in projects that are as varied as they are
resilient, innovative, cost effective, and beautiful to behold.”
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Project of the Year

The 2018 Project of the Year reconstructed the Interstate 66/Route 15
interchange in Prince William County, Va., to relieve congestion, enhance public safety, improve operations, bolster capacity, and accommodate forecasted traffic demand in the project area. It redesigned the
interchange as a Diverging Diamond Interchange (DDI) — the first of
its kind in the region — to best accommodate the projected traffic volumes as well as critical pedestrian movements in the interchange area.
The design-build team used their experience and expertise to convince
the owner to accept a DDI as a new, more efficient, and safer option.
Timing was a challenge. The potential presence of the long-eared bat
restricted work activities for several months, requiring the design-build
team to accelerate the work to get back on schedule. In addition, there
were other owner-directed changes such as maintaining a 10-foot area
behind a proposed sound wall, which required making it a combination retaining wall and sound wall and changing an already approved
railing to a decorative railing. Also, a tomato truck crashed under the
new bridge and ignited (the driver was unharmed). On investigation,
the team determined that the damage from the burning tomatoes was
superficial and could be remedied. The team used all the efficiencies
of design-build to work through delays and issues to deliver the $38.9
million project on time.
Design-build team: Virginia Department of Transportation (client/
owner); LANE Construction Corp (design-builder, general contractor,

pus. Design-build team: University of California Irvine, Design and
Construction Services (client/owner); PCL Construction Services, Inc.
(design-builder, project manager, general contractor); Carrier Johnson
+ Culture (architect); Critchfield Mechanical Inc. (engineer); Field
Management Systems (specialty contractor); Veneklasen and Associates (specialty consultant); and Anderson Howard (key subcontractor).

The 2018 Chairman’s Award, Education Facilities recognized the Washington State
University Elson S. Floyd Cultural Center.

project manager); Rinker Design Associates, PC (engineer); Tavares
Concrete (specialty contractor); T3 Design (specialty consultant); and
Quinn Consulting Services (key subcontractor).

Chairman’s Award

The Chairman’s Award for Community Impact and Social Responsibility recognizes design-build teams that have shown extraordinary
commitment to triple-bottom-line success — economic, environmental, and social — and have clearly improved the communities they’ve
engaged. The 2018 Chairman’s Award, Education Facilities was the
Washington State University (WSU) Elson S. Floyd Cultural Center.
Honoring late WSU President Elson Floyd, this 16,000-square-foot,
$12.6 million marquee facility was designed to celebrate the cultural
diversity of the campus and heritage of the land. Cultural awareness and
acceptance, celebration of heritage, restoration of native landscapes,
and sense of place are expressed through the form of the building. The
building not only celebrates diversity, but also honors the site as the
native land of the Nez Perce Tribe.

Excellence in Process — The Spark at Washington State University
— Clark Construction (design-builder, project manager, general contractor), ZGF Architects (architect), and WSU (client/owner) turned
an academic facility’s construction into a journey that furthered the
university’s desire for a state-of-the-art learning center. The team on
this $43 million project overcame every challenge in its construction,
including a tight budget, updated university construction standards, a
restricted site, and rapidly evolving technology market conditions. During the design and validation period of the Digital Classroom project,
WSU released new construction standards that revised the standards to
which Clark/ZGF’s contract and design were based. The team worked
with stakeholders to revise the design to meet the new construction, facilities, and operations standards. And, during the design process, a site
investigation revealed an abundance of subterranean basalt bedrock.
The team designed around the rock to avoid the cost of blasting it. In
addition, the team designed systems to support the building structure,
reducing system cost, meeting differential settlement criteria, eliminating rebar protrusions into working spaces and almost halving the deep
foundations installation time. Additional design-build team members:
AEI (engineer); Apollo (specialty contractor); and Vantage Technology
Consulting Group (specialty consultant).
Excellence in Small Projects — Trinity County HBP Bridges DesignBuild — The R N R Construction (design-builder, project manager,
general contractor) and Dokken Engineering (engineer) team replaced
five county-owned bridges, many in remote mountainous areas, which
were identified as structurally deficient or functionally obsolete. The
design-build team selected a composite precast/prefabricated design

Design-build team: Washington State University (client/owner); Absher Construction Company (design-builder, project manager, general
contractor); GGLO (architect); PCS Structural Solutions (engineer);
Apollo Mechanical (specialty contractor); Mimar Studio (specialty
consultant); and Cobra Roofing (key subcontractor).

Special Recognition Awards

The following five projects received Special Recognition Awards:
Excellence in Design – Architecture — WSU Elson S. Floyd Cultural
Center (see description above).
Excellence in Design – Engineering — University of California Irvine - Transmission Electron Microscope (TEM) Facility — UC Irvine
set out to build a world-class electron microscopy facility to house
the most sensitive TEMs available today. A team of experts worked
closely with the campus design group, instrument vendors, and key
faculty to ensure the $6.5 million facility achieved unprecedented EMI
and vibration specs in an occupied building near the center of cam-

The Spark at Washington State University received the Excellence in Process
Special Recognition Award.
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The Trinity County HBP Bridges Design-Build project, which received the Excellence in Small Projects award, replaced five county-owned bridges, many in remote
mountainous areas

for four of the most remote structures, reducing the need to bring
raw materials onsite. The replacement bridges were designed to current seismic and structural design standards. Minor approach work
enhanced curvature and sight distance lines. All work on the $6.7
million project was completed in 12 months. Additional design-build
team members: Trinity County Department of Transportation (client/
owner); Verux (specialty contractor); and Geocon Consultants, Inc.
(specialty consultant).
Excellence in Teaming — The Spark at Washington State University
(see description above).

National Awards of Excellence

DBIA recognized projects in nine categories with National Awards of
Excellence:
Civic Buildings — Mayne Events Center and Fire Museum, a
22,000-square-foot, $10.3 million, two-story civic facility completed
for the City of Bellflower, Calif. Design-build team: City of Bellflower
(client/owner); Ledcor Design-Build (USA) Inc. (design-builder, general contractor); Sillman Wright Architects (project manager, architect,
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key subcontractor); BWE, Inc. (engineer); and Webb Foodservice
Design (specialty consultant).
Educational Facilities — University Extension Classroom Building, University of California Irvine provides an immersive education
experience that coalesces UNEX’s vast array of intellectual content
and digital communications with onsite learning. Design-build team:
University of California Irvine (client/owner); Hathaway Dinwiddie
Construction Company (design-builder, project manager, general contractor); Carrier Johnson + Culture (architect of record), LMN (architect-design); DCI Engineers (engineer); Stantec (specialty contractor);
Jensen Hughes (formerly AON, specialty consultant); and Anderson &
Howard (key subcontractor).
Federal/State/County/Municipal — East County Hall of Justice project in Dublin, Calif., comprises a $125 million, five-story courthouse
building and a two-story county building totaling 196,000 square feet
on a 22-acre site. Design-build team: Alameda County (client/owner);
Hensel Phelps Construction Co. (design-builder, project manager, general contractor); and Fentress Architects (architect).

Health Care Facilities — Texas Health Recovery & Wellness Center,
which provides residential treatment for clients who need professional
help to resolve addictions, includes a swimming pool, gym, basketball court, fitness room, yoga studio, massage therapy, movie room,
and dining area, as well as a visitation area. Design-build team: Texas
Health Resources (client/owner); The Beck Group (design-builder,
project manager); Armstrong-Douglass Partners, LLC (engineer); and
Studio Outside (specialty consultant).
Industrial/Process/Research Facilities — University of California
Irvine - Transmission Electron Microscope Facility (see description
above).
Office Buildings — Riata Vista Corporate Campus in Austin, Texas,
is a multi-phase, LEED-Gold assignment situated on a 38-acre site
and includes six, four-story office buildings totaling nearly 1 million
square feet, a café and conference center, a central utility plant, and
three multi-story parking decks totaling more than 1.6 million square
feet. Design-build team: Cadence McShane Construction Company
(design-builder, project manager, general contractor); Studio8 Architects (architect); Cardino Haynes Whaley (engineer); and OLA (specialty consultant).

University of California Irvine’s University Extension Classroom Building, which
won a National Award of Excellence, Education Facilities, provides an immersive
education experience.

Rehabilitation/Renovation/Restoration — Main Street Bridge (Duval County) Historical Renovation Project (SR 5) Emergency DesignBuild in Jacksonville, Fla., to accommodate modern traffic and retain
a historic bridge’s appearance without disturbing surrounding (also)
historic buildings and modern utilities. Design-build team: Florida Department of Transportation District 2 (client/owner); Wantman Group,
Inc. (design-builder, project manager, engineer); Hal Jones Contractor, Inc. (general contractor); and Ellis & Associates, Inc. (specialty
consultant).
Transportation — I-66/Route 15 Interchange Reconstruction DesignBuild Project (see description above).
Water/Wastewater — RM Clayton WRC Headworks Improvements
Design-Build provides a critical function as the first line of defense in
wastewater treatment as it collects and treats flows from a combined
stormwater and sanitary sewer system and solves a chronic grit-removal issue at the City of Atlanta’s largest wastewater treatment plant.
Design-build team: City of Atlanta Department of Watershed Management (client/owner); Western Summit/Anatek Construction Joint
Venture (design-builder); Western Summit Constructors, Inc. (project
manager, general contractor); The Architecture Group (architect);
Brown and Caldwell (engineer); Anatek, Inc. (specialty contractor);
Long Engineering (specialty consultant); and Excel Electric Technologies (key subcontractor).
DBIA also recognized 29 projects with National Awards of Merit.
View the full list of winners, including project photos and descriptions,

The RM Clayton WRC Headworks Improvements project collects and treats flows
from a combined stormwater and sanitary sewer system in Atlanta.

on DBIA’s Project/Team Awards page (https://dbia.org/awards/projectteam-awards/2018).

Information provided by the Design-Build Institute of America (https://dbia.org).
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ADVERTORIAL

Shaft Wall Solutions for
Wood-Frame Buildings:
Codes & Detailing
Richard McLain, PE, SE
It is fairly common for light wood-frame commercial and
multi-family buildings to include shaft walls made from other
materials. However, with an increase in wood construction
nationwide, many designers and contractors have come to
realize that wood-frame shaft walls are a code-compliant
means of reducing cost and shortening construction schedule.
This excerpt of a WoodWorks paper provides an overview of

distinctions between a fire barrier and fire partition. A fire

of the framed floor can be an effective way of providing the

building code considerations and detailing. For information on

partition (for example a corridor wall) is permitted to terminate

required continuity.

fire design requirements, construction constraints and other

at the underside of a fire resistance-rated floor/ceiling or roof/

potential differences associated with specific applications such

ceiling assembly while a fire barrier is required to extend up to

Ultimately, the detail used will reflect what the building official

as stairs, elevators and MEP shafts, read the complete paper at

the underside of the floor/roof sheathing.

accepts in terms of fire protection continuity of the shaft wall’s
required fire-resistance rating. In varying degrees (depending

http://bit.ly/shaft-wall-solutions.

on the detail) the shaft wall will need to be interrupted to
Fire Barrier Construction

attach the adjacent floor framing and floor sheathing. The

Shaft enclosures are specifically addressed in Section 713 of

methods used at this floor-to-wall intersection will also depend

the 2015 International Building Code (IBC). However, because

somewhat on the floor framing configuration. See “Detailing

shaft enclosure walls are to be constructed as fire barriers per

Floor-to-Wall Intersections” below for examples of ways

Section 713.2, many shaft wall requirements directly reference

designers have detailed this condition.

provisions on fire barriers found in Section 707.
Structural Shaft Wall Penetrations
Provisions addressing materials permitted in shaft wall

It is often necessary to penetrate a shaft wall with a structural

construction are given in both the shaft enclosures section

member such as floor sheathing, a landing beam, or floor joists.

(713.3) and fire barriers section (707.2). These sections state

The allowance for these penetrations comes from IBC Section

that fire barriers can be constructed of any material permitted

713.8, which states that “Penetrations in a shaft enclosure shall

by the building’s type of construction. This means that light-

be protected in accordance with Section 714 as required for

frame wood construction or mass timber may be used for

fire barriers. Structural elements, such as beams or joists, where

shaft wall construction in Construction Types III, IV, and V per
the construction type definitions in IBC Section 602. The one

Figure 1: IBC Commentary Figure 707.5 – Continuity of Fire Barriers

protected in accordance with Section 714 shall be permitted to
penetrate a shaft enclosure.”

exception is when shaft walls in Type III or IV Construction are
also exterior walls. This requires that the exterior/shaft walls

This continuity condition is depicted in the code commentary

IBC Section 714.3 requires that penetrations into or through

be fire retardant-treated wood framing or non-combustible

in simplistic form where the shaft wall runs parallel to the floor

shaft walls comply with Sections 714.3.1 through 714.3.3.

framing.

framing (Figure 1). However, in platform-frame buildings there

Section 714.3.2 requires that either:

will usually be shaft walls that directly support perpendicular
Per IBC Section 713.4, shaft enclosures are required to have a

framing elements. It is important to understand that continuity

1. Penetrations shall be installed as tested in an approved

fire-resistance rating of not less than 2 hours when connecting

of the assembly can be maintained, even in these scenarios.

fire resistance-rated assembly (i.e., incorporated during the

four or more stories. A fire-resistance rating of not less than 1
hour is required for shaft enclosures connecting less than four

Having a single fire resistance-rated assembly running from the

stories.

bottom to the top of a shaft enclosure with no interruptions,
such as a masonry wall, is considered by some to be the

Continuity

clearest path to meeting this requirement. However, given

IBC Section 707.5 states the requirements for fire protection

the potential costs and structural challenges associated with

continuity of fire barriers. It requires that fire barriers “extend

integrating masonry shaft walls in wood-frame buildings,

from the top of the foundation or floor/ceiling assembly

wood-frame shaft walls are becoming increasingly popular.

below to the underside of the floor or roof sheathing, slab or

The requirement is for continuity, but this doesn’t dictate the

deck above and shall be securely attached thereto. Such fire

use of only one assembly. Since fire protection continuity

barriers shall be continuous through concealed space, such as

doesn’t equate to wall framing continuity, using means of fire

the space above a suspended ceiling.” This is one of the main

protection other than the tested wall assembly in the depth
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Stair Landing Beam Shaft Wall Structural Penetration Prior to Fire Caulk
Installation

• UL U370

One method used by designers to demonstrate continuity of

• GA WP 3820

the shaft wall through the floor cavity is having the wall gypsum

The double wall options provide opportunities for higher

stop at the underside of the floor framing and installing wood

acoustically-rated assemblies and/or a way to decouple

blocking in the floor cavity. The concept is that approximately

membrane continuity and structural support. In particular,

every 1.5 inches of wood blocking thickness provides 1 hour

better acoustical performance may be desired when shaft walls

of fire protection. This rationale is codified through IBC Section

separate the shaft from a residential unit or other occupied

722.1, which references Chapter 16 of the American Wood

space. For more information on acoustical performance of light-

Council’s National Design Specification® (NDS®) for Wood

frame wood walls, see the WoodWorks publication, Acoustical

Construction for calculated fire resistance of exposed wood

Considerations for Mixed-Use Wood-Frame Buildings.

members. NDS Chapter 16 indicates that the nominal char rate
of a number of wood products, including solid sawn lumber

Some designers also utilize shaftliner panels. Shaftliner panels

and structural composite lumber, is 1.5 inches per hour. See

are typically thicker than a normal gypsum panel (1-inch-thick

Figure 2 for an example of this detail.

is common) and come in sizes that can be installed easily
Figure 2: Floor-to-Shaft Wall Intersection Detail with Blocking between
Floor Joists

between CH-, CT-, or H-studs. These studs are cold-formed

Another option would be to extend the wall gypsum on the

steel sections that hold the shaftliner panels together and

floor side of the shaft wall up to the underside of the floor/

conduct of an ASTM E119 test of the wall or floor assembly, per

eliminate the need for gypsum panel joint finishing. Some

roof sheathing between the floor/roof joists. This would

Section 714.3.1.1) or, more commonly,

assemblies are tested with a supporting wood structure (UL

require interruptions of the gypsum at the joists. See Figure

2. Protected by an approved penetration firestop system

U375) and others are not (GA ASW 1000). This is an important

3 for an example of this detail. The joist is simply a structural

installed as tested in accordance with ASTM E 814 or UL 1479,

distinction to make when discussing continuity and structural

with an F (flame) rating of not less than the required fire-

support. Even if included in the tested wall assembly, the

resistance rating of the wall penetrated (per Section 714.3.1.2).

wood walls are usually assumed not to be providing part of
the wall’s fire-resistance rating. The 1-hour or 2-hour rating can

As noted, the option given in IBC Section 714.3.1.2 is the

typically be accomplished solely with the shaftliner panels. If

most common approach and typically involves the use of a

tested with a supporting wood structure, only lateral bracing

tested, approved firestop system to seal around structural

of the shaftliner panels is assumed. The weight of the panels is

penetrations in shaft walls.

carried through the panels to the foundation unless specifically
detailed otherwise.

Assemblies & Intersections
The first step in detailing shaft wall construction is to select

Assemblies such as UL U336 have an option for a single wood-

the rated wall assembly that is appropriate for the application.

frame wall supporting a double shaftliner gypsum membrane.

The assembly type chosen will depend on several application-

A second wood wall could be used on the other side of the

specific constraints, including space available for the wall

double gypsum membrane to support floor framing (i.e., stair

assembly, accessibility to finish gypsum wallboard, height of

and landing framing). Alternatively, only one wood wall could

the shaft, acoustic needs, and construction efficiency. In some

be used (on the non-shaft side) and the gypsum membrane

Figure 3: Floor to Shaft Wall Intersection Detail with Gypsum Extending to
Underside of Sheathing between Trusses

cases, the floor-to-wall intersection detailing necessary for plan

could face the inside of the shaft. This allows structural support

penetration, which is allowed in shaft wall construction as

approval may affect the type of wall assembly chosen.

of the main floor and roof framing to occur without penetrating

noted above, when protected according to Section 714.

the membrane.
Several options for 1- and 2-hour fire resistance-rated, wood-

1-Hour Wall with Shaftliner

A third option would be to install a floor beam parallel to and

frame wall assemblies that could be useful for shafts are

• UL V455

just inboard of the shaft. This beam would be used to support

presented below.

• UL V433

all of the framing perpendicular to the shaft wall such that the
only element penetrating the shaft wall is the floor sheathing.

1-Hour Single Wall
• UL U305

2-Hour Wall with Shaftliner

This option is only feasible if the length of the shaft wall is such

• GA WP 3510

• UL U336

that a reasonable beam size can still be used. Walls or beams

• UL U311

• UL U373

parallel to and just beyond the ends of the shaft are used to

• IBC 2012 Table 721.1(2), Item 14-1.3

• UL U375

support the ends of the above mentioned beam.

• UL U332

• UL V455

1-Hour Double Wall

• UL V433

A final option would be to run the gypsum continuously

• UL U341

• GA ASW 1000

behind the floor joists up to the underside of the floor/roof
sheathing. The joists would be hung from the wall with a top

2-Hour Single wall
• UL U301

Detailing Floor-to-Wall Intersections

flange hanger capable of spanning over one or two layers of

• UL U334

Once the typical wall assembly for the shaft has been

gypsum.

• IBC 2012 Table 721.1(2) Item Number 14-1.5

selected, the detail at the floor-to-shaft intersection should

• IBC 2012 Table 721.1(2) Item Number 15-1.16

be addressed. The look of this detail will depend on the floor

For free technical support related to the design and

2-Hour Double Wall

framing type and bearing condition.

engineering of commercial and multi-family wood buildings,

• UL U342

email help@woodworks.org.
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Closely spaced solid vertical steel plates that also work as window mullions are utilized to be structural columns for Williams Lodge.

Waterfront Gathering Place
Two iconic steel-framed buildings anchor services at Tulsa,
Okla.’s riverfront park.
By Falgun Surani, P.E.

At $465 million, Gathering Place in Tulsa, Okla., is the largest private
gift to a public park in U.S. history. As the name suggests, this 66acre park is designed to transform Tulsa’s iconic waterfront along the
scenic Arkansas River into a dynamic, interactive environment where
members of Tulsa’s diverse communities can come together to interact,
explore, learn, and play.

The park, designed by Michael Van Valkenburgh Associates, Inc.
(MVVA) contains two buildings that anchor the services available.
Mack Scogin Merrill Elam (MSME) architects designed both buildings at Gathering Place. Structural Engineering Associates, Inc. (SEA),
based in Kansas City, Mo., are structural engineer of record. Crossland
Construction Company are the general contractor and Unique Metal

26

csengineermag.com

February 2019

Fabrications, Inc. (UMFI), based in Pittsburg, Kan., are the steel fabricator and supplier. Each building embraces the powerful park landscape
in a combination of traditional modernist strategies that incorporate the
rich, natural material palate of Oklahoma.

Williams Lodge

Williams Lodge, one of two iconic buildings in Gathering Place, offers restrooms, a cafe, a two-story fireplace, indoor lounge spaces,
and educational activity rooms. Primarily made of stone floors, wood
ceilings, and glass windows to provide an unobstructed view of the
park. The underlying design theme for Williams Lodge was to provide
an enclosed space that appears to be part of the landscape and provide
shelter for cold and rainy weather.
The client’s wish for an unobstructed view and glass surrounding
meant the traditional hollow structural section (HSS) or wide-flange
steel columns at the perimeters were not feasible. Closely spaced solid
vertical steel plates (2-1/2 inches by 8 inches) that also work as window
mullions are utilized to be structural columns supporting steel floor and
roof beams. Floor framing is traditional composite floor beams that
support 3-inch-thick stone floor panels on top of 7-1/2-inch composite

floor. Roof framing is traditional steel roof beams with metal deck,
which support an elegant wood ceiling that depicts a large tree.
Nearly half of the plate columns are two stories tall and about 40
feet high. With concerns about losing plumbness during fabrication,
shipping, and erection, steel fabricators proposed splicing the plate
columns at floor level. However, the exposed nature of these columns
as window mullions demanded a clean finish and the splice was not

Interior view of Williams Lodge shows finished fireplace, stone floors, and woodcovered ceiling.

acceptable to the design team. Plate columns were erected first and
temporary braces were provided during construction. It’s plumbness
was repeatedly checked during construction and the steel floor and
roof beams framing in the plate columns and the glass windows were
fabricated per final field dimensions.
The centerpiece of the Williams Lodge is a massive, two-story stone
façade fireplace. It’s large enough for a group of people to walk in and
around it. The intricate shape of this structure and stone façade meant
that the skin of the fireplace will have to be supported by a curved steel
structure because cast-in-place concrete forming was not feasible due
to the complexity of the shape. A uniform oval shape concrete shaft
was utilized as a shear wall as well as the core structure supporting
the two-way steel grid that contains curved wide flange members as
verticals and curved HSS members as horizontals, both spaced roughly
4 feet on center.
An SAP 2000 3D design model was created to analyze and design
this complex steel structure for out-of-plane wind loads and weight
and moment coming from shelf angle supporting the stone façade eccentrically. There are three protruding arms of this fireplace — first is
serving the flue for the fireplace at level 1, second is supporting the
skylight in the center of the fireplace, and the third is serving the flue
for the fireplace at level 2.
The third arm is also hanging from the face of the oval concrete shaft.
It was nearly impossible to produce construction drawings for this
steel structure that had varying radius in every direction. Therefore, a
3D Rhino centerline model was used as construction documents with
2D details and sections on the structural drawings. Steel fabricators
(UMFI) extruded this 3D center line model to make a Tekla 3D model,
which was then used to produce shop drawings.

The intricate shape of the lodge’s fireplace meant that the skin of the fireplace had
to be supported by a curved steel structure.

The traditional way of rolling steel was not feasible since the steel
grid structure changed shapes with non-uniform radiuses throughout
its height and width. Additionally, shipping and erection of a roughly
60-foot-tall by 30-foot-wide steel structure was challenging. UMFI and
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was resolved by introducing a larger base plate at every vertical wide
flange top and bottom and then these base plates were welded to the
HSS horizontals top and bottom to achieve continuity.
MSME and SEA coordinated locations of several floor and roof beams
in the 3D model that were going through the steel grid structure of the
fireplace and were framing into the oval concrete shaft. Shelf angles
supporting the stone façade at the fireplace were also made by welding
two plates together to achieve the shape of the fireplace. Fero brackets
were used to connect shelf angles with the steel grid frame to provide
a cavity for insulation.

The underlying design theme for Williams Lodge was to provide an enclosed space
that appears to be part of the landscape.

Additionally, three stairs were designed and fabricated with steel plates.
The grand stair had glass handrails and glass walls and was designed
to cantilever between two floors. Two other steel plate stairs had stone
flooring. The south stair was supported on a radiused channel stringer
on one end and the other end was supported on a concrete foundation
wall where plate trades were notched around the plate column base
plates to avoid conflicts.

ONEOK Boathouse

The second iconic park building is ONEOK Boathouse. The threestory ONEOK Boathouse houses a restaurant that offers an elegant
dining experience on the pavilion deck that offers beautiful views of
the Arkansas river and downtown Tulsa, as well as the outdoor terrace
where guests can dine as they take in the scenery.
Aside from amazing meals with views, a diverse range of ages and interests are drawn to the multi-generational programming offered within
the middle level of the Boathouse. The Cabinet of Wonder resides in
this area of ONEOK Boathouse, acting as an educational space for all
ages as well as a social gathering space. It also lets visitors check out
paddle boats, kayaks, and canoes from the lower level of the building
The three-story ONEOK Boathouse houses a restaurant that offers an elegant dining
experience on the pavilion deck that offers beautiful views of the Arkansas river and
downtown Tulsa, as well as the outdoor terrace.

Crossland proposed to make roughly 12-foot-tall ring grids, fabricated
and shipped in one-quarter segments to be field welded to make the
final shape of the structure. Each vertical and horizontal member was
made by cutting 1/4-inch or 3/8-inch plates to its radiused shape from
the 3D Tekla model and then welding it in shop to achieve the correct
structural shape. All the shapes made with plates were stich welded in
shop alternatively on both sides to avoid any local distortion or warping effect from the weld heat.
Original design bases were to have the continuous wide flange verticals
supporting the HSS horizontals at every 4 feet. This was no longer
feasible due to shipping and erection limitations mentioned above.
Instead, the horizontal HSS were made to run continuous and vertical wide flanges were made discontinuous at every intersection with
horizontals. Since the 3D Tekla model was extruded from a centerline
Rhino model, this meant that all or a portion of the flanges of wide
flange verticals were not getting a continuous weld on HSS below due
to the local twist in the member because of the overall shape. This issue
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The boathouse stair enclosure is made with all HSS members placed in 4-foot by
4-foot grids horizontally and vertically. This structure changes shape with varying
radius in every direction.

The centerpiece of the ONEOK Boathouse is the fiberglass canopy supported on steel pipe columns.

to paddle along Peggy’s Pond and enjoy a new view of the park.
Typical floor framing is traditional composite floor beams that support
3-inch-thick stone floor panels on top of 7-1/2-inch composite floor.
Roof framing of the restaurant is traditional steel roof beams with
metal deck.
The centerpiece of the ONEOK Boathouse is the fiberglass canopy supported on steel pipe columns. Another unique feature of this building
is the steel stair enclosure at the pavilion level that has a slate façade.
The fiberglass canopy serves as a roof for the uppermost pavilion level,
which provides open seating with views of the park, river, and downtown Tulsa. The pavilion structure is cast-in-place reinforced concrete
with large cantilevers on all four sides. Serving the pavilion deck is a
long cast-in-place stair with a nearly 20-foot cantilever overlooking
Peggy’s Pond. The stair is supported on a single concrete column.
Stair enclosure covers the center floating cast-in-place concrete stair
serving all floors and provides roof and skylight to the stair. Steel
enclosure is made with all HSS members placed in 4-foot by 4-foot
grids horizontally and vertically. This steel structure was supported on
composite steel beams on level 3, which in some cases cantilevered.
This structure changes shape with varying radius in every direction.

It was difficult to produce construction drawings for this structure.
Hence, a 3D Rhino model was used as construction documents with 2D
details and sections on structural drawings. Steel fabricators (UMFI)
extruded this 3D centerline model to make a Tekla 3D model, which
was then used to produce shop drawings. The traditional way of rolling
steel was not feasible since the steel grid structure changed shapes with
non-uniform radiuses throughout its height and width. Each vertical
and horizontal member was made by cutting 1/4-inch or 3/8-inch plates
to its radiused shape from the 3D Tekla model and then welding it in
shop to achieve the correct structural shape. All the shapes made with
plates were stich welded in shop alternatively on both sides to avoid
any local distortion or warping effect from the weld heat. Metal studs
are used as infill between the steel grid structure to support the sheathing that clads slate.
The perimeter of the building is made with cast-in-place concrete walls
that support the large stone façade. One side of the building is retaining
a three-story soil fill and the lateral pressure from the soil was a concern
for the building. Therefore, the building is isolated from the soil by
using mechanically stabilized earth (MSE) in three sides of the building with a 2-foot void gap between the building and MSE. Terracon
consultants provided design for the MSE wall around the perimeter.
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Level 2 Mezzanine is made with composite steel beam and steel deck
with glass walls and it is hanging from the level 3 floor beams with
four steel HSS hangers. Level 3 beams also support the entire roof
structure for the restaurant, which also includes stone donor walls and
steel screen walls on roof, stair enclosure for the center stairs, and a

NASCC: The Steel Conference
Annual event offers the latest design concepts,
construction techniques, and research for
steel buildings and bridges.
30
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steel HSS hanger to support a floating concrete stair landing.
FALGUN SURANI, P.E., is a project manager and associate with Structural Engineering Associates, Inc. (www.seassociates.com) in Kansas City, Mo.

Registration opened in early January for NASCC: The Steel Conference, incorporating the World Steel Bridge Symposium and the
Structural Stability Research Council’s (SSRC) Annual Stability
Conference. According to the American Institute of Steel Construction (AISC), The Steel Conference is the premier opportunity for

professionals involved in the design or construction of steel buildings
or bridges to be immersed in the latest design concepts, construction
techniques, and cutting-edge research while engaging with thousands
of industry professionals.
The 2019 educational and networking event takes place April 3-5 in St.
Louis and offers nearly 150 sessions of topics ranging from properly
specifying welds to connection design to tackling the skilled trade
shortage. The conference also offers an extensive trade show featuring
more than 200 exhibitors with products ranging from structural design
software to machinery for cutting steel beams.
“Our goal is to focus on the practical, rather than the theoretical,” said
Scott Melnick, AISC’s senior vice president. “While some conferences
have too many sessions essentially consisting of executive summaries
of researcher’s papers, we try to go more in-depth with information
you can use today. We want you to learn something you can apply
when you walk into your office tomorrow. But beyond that, we want
to bring together engineers and fabricators to exchange ideas that will
improve the design and construction of steel buildings and bridges.”
Attendees can earn as many as 17 PDHs by attending the conference’s
expert-led sessions, plus an additional 4 PDHs if they participate in
an optional short course on Tuesday afternoon (April 2) and another 8
PDHs for the optional short course on Saturday (April 6). The World
Steel Bridge Symposium and SSRC Annual Stability Conference also
offer PDH for session attendance.
Pre-conference short courses on Tuesday from 1:00 p.m. to 5:00 p.m.
include “The 15th Edition Steel Construction Manual and the 2016
AISC Specification for Structural Steel Buildings” and “Nonlinear
Structural Analysis Methods Used in Modern Steel Design.” The postconference short course on Saturday from 8:00 a.m. to 5:00 p.m. is
“Seismic Design Manual, 3rd Edition, and Applications of the 2016
AISC Seismic Provisions.”
With topics of interest to engineers, architects, fabricators, detailers,
and erectors, seminar tracks focus on design and analysis, seismic,
project management, constructability, connections, erection, case
studies, detailing, ethics, sustainability, legal, business, innovation,
technology, roundtables, and quality.
The World Steel Bridge Symposium brings together bridge design engineers, construction professionals, academics, transportation officials,
fabricators, erectors, and constructors to discuss and learn innovative
practices for enhancing steel bridge design, fabrication and construc-

tion techniques. The symposium includes 26 sessions. View past conference proceedings at
www.aisc.org/nsba/events/wsbs/conference-proceedings.
The Structural Stability Research Council’s (SSRC) Annual Stability
Conference has been held in conjunction with The Steel Conference
since 2001. In addition to 12 sessions with more than 30 papers, the
SSRC Conference includes the 2019 Beedle Award and MAJR Medal
presentations. SSRC Conference also holds its annual meeting immediately prior to The Steel Conference on Tuesday. Admission to all
SSRC Conference sessions is included with your registration. For more
information visit www.ssrcweb.org/asc-nascc.
This year’s conference also features three keynote sessions — one each
day. The first will feature Ozan Varol, a former rocket scientist turned
law professor who has the reputation for stimulating a whole new way
of looking at a problem. His topic is “The Power of Contrarian Thinking.”
The second keynote, “The Joy of Steel...So Many Possibilities,” will
feature a presentation from Jon Magnusson, S.E., P.E., NAE, senior
principal from MKA. The third keynote is the 2019 T.R. Higgins
Lecture, “Structural Stability — Letting the Fundamentals Guide your
Judgment,” presented by Ron Ziemian, Ph.D., professor at Bucknell
University, for his work on brace stiffness for compression members.
One registration fee provides access to all of the technical sessions
(including NASCC: The Steel Conference, SSRC Annual Stability
Conference, and the World Steel Bridge Symposium), the keynote sessions, the T.R. Higgins Lecture, and the exhibition hall.
The Steel Conference does not offer conventional proceedings. Instead,
approximately 45 days after the conference, AISC posts slideshows
(complete with audio) of most of the sessions to its education archives
at www.aisc.org/educationarchives. Proceedings for the SSRC Conference will also be available in the archives.
Visit www.aisc.org/nascc to register and to view more conference information, including the advance program.

Information provided by the American Institute of Steel Construction
(www.aisc.org).
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The Bexar County (Texas) Flood Control Program, managed by AECOM, was a 10-year, $500 million capital improvement program that included 83 projects to safeguard citizens
and property during significant rainfall and other weather events.

Creating more
resilient floodplains
One Texas county in the heart of ‘flash flood alley’ addressed water
infrastructure vulnerabilities by taking a proactive approach to
flood control planning.
By Bobby Mengden, P.E., CFM

Water knows no boundaries. Yet the manner in which our government

agencies, water management districts, and local communities are organized is determined by municipal and geographical boundaries. Faced
with this challenge, agency, municipality, and community leaders are
increasingly asking: Instead of trying to manage flooding based on
municipal or geographical lines, what if we looked at it from a watershed perspective? In Bexar County, located in south-central Texas,
including the city of San Antonio, they did just this, looking beyond
city and political boundaries to implement a flood control program
that would offer protections for not only the county but potentially the
larger region.
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Following two historic and devastating floods in 1998 and 2002, Bexar
County, along with the San Antonio River Authority (SARA), the City
of San Antonio, and 20 additional suburban cities, formed a partnership called the Bexar Regional Watershed Management (BRWM) so
they could more effectively manage the floodplain and mitigate future
flooding risks. As a result of this partnership, in 2007 the Bexar County
Commissioners Court established the Bexar County Flood Control
Program, a 10-year, $500 million capital improvement program. This
program included 83 projects deemed vital to safeguarding citizens
and property during significant rainfall and other weather events. AECOM was selected to manage the flood control program.
One of the major benefits of this program was that it created opportunities for all stakeholders to experience improved utility and stormwater
management and achieve overall cost savings and efficiency in project
design, construction, and delivery. Consistent with a program of this
magnitude and complexity, the BRWM and our AECOM team overcame five main obstacles to successfully deliver projects on time and
on budget that also maximized the benefit to the community.

Staffing for a finite 10-year period

With many projects to be delivered within the contract period, careful
consideration was given to staffing a program of this size and nature.

Bexar County supplemented its personnel using program management
and staff augmentation services so team size could be adjusted based on
specific staffing needs throughout the duration of this program. During
early planning stages this was achieved by using program management
professionals from AECOM and our subconsultants to assist in project
identification, professional services contract creation, and selection of
consulting engineering firms for detailed design.
Once detailed design of the projects was underway and construction
had started, AECOM’s program team moved into Bexar County offices so our staff augmentation services were more closely aligned
with county personnel and functioning as a true team. The roles of
the team and necessary expertise fluctuated based on the life cycles of
the projects. For example, initially we used design engineers to manage project designs and then transitioned to construction managers to
oversee construction.

Prioritizing projects

The BRWM used a review process to identify the most critical projects based on key flood impact criteria, rather than along municipal
or geographical boundaries. As part of the review process, the Water
Technical Committee (WTC) was formed. This committee comprised
subject matter experts from the City of San Antonio, Bexar County,
SARA, and our AECOM program management team and rated potential projects by using criteria that gave higher ranking to projects that
maximized public safety and hydraulic impact.
For example, projects that removed homes from the 100-year floodplain or took a highly traversed roadway out of the floodplain received
higher scores. Other important considerations were considered such
as water quality improvements and possible integration with other,
concurrent capital improvement projects that were planned for the
various municipalities. This scoring methodology allowed the WTC
to prioritize projects that would create the greatest positive impact for
the community.

Measuring project feasibility

The Federal Emergency Management Agency (FEMA) creates flood
map products using GIS technology. One of FEMA’s products is the
Digital Flood Insurance Rate Map (DFIRM). There are instances when
improved digital modeling can transform the footprint of 100-year
floodplains and alter the rate map without having to perform construction-related activities, which in turn can allow project teams to redirect
money elsewhere for greater impacts or improvements.
On this program, there were also times when obstacles were discovered
during initial design that caused a project to become unfeasible for financial or constructability reasons. To ensure stakeholders understood
why certain projects were recommended for construction and others
were not, the team applied DFIRM data and developed additional
metrics to measure the overall benefits of each project. These metrics
included traffic volume over low-water crossings; unflooded access
for isolated neighborhoods or schools, homes, and businesses removed
from the floodplain; upstream and downstream impacts; total project
costs; and constructability considerations.

Obtaining community support

Public support is critical for moving any program or project forward.
But in this case, it was especially important because there were misconceptions around the causes of flooding, floodplain boundaries, and
flood control projects. To alleviate confusion and educate the community about flood safety, the team developed a comprehensive approach
to public outreach that included a robust suite of communication tools.
One such tool was creating a website dedicated to each project that allowed the public to check real-time project status, learn how to prepare
for impacts due to construction, and provide their feedback and voice
any concerns.

Improving quality of life

Although flood control projects were primarily developed to prevent
flooding and provide safe mobility, many communities requested
additional benefits such as enhanced ecosystems and recreational
amenities. With this in mind, the BRWM and AECOM partnered with
stakeholders from the different communities to identify areas where
the quality of life could be further enhanced. Projects requested by
citizens included hike and bike trails, parks, and soccer fields.
In addition to these amenities, the environment was protected through
the team’s approach to flood conveyance, which involved using natural
channel design and stream restoration that enhanced the water quality
of nearby streams. Bexar County worked closely with other municipalities and private organizations to incorporate cost-sharing techniques
so these amenities could be combined with the program’s flood control
aspects.
Successful completion of this 10-year program resulted in 83 total
projects, including 63 improved low-water crossings, 10-plus miles of
channel improvements, eight dam improvement projects, 1,648 homes
removed from the floodplain, and 142 high-water alert technology
(HALT) sites installed throughout the region. Bexar County’s commitment to deliver and invest in this program also boosted the local
economy, which at the time of inception was experiencing a downturn.
More than 4,700 jobs associated with the program were created, enhancing the community’s economic condition and bringing increased
value for homeowners and taxpayers.
This overall program achieved successful outcomes because AECOM
and Bexar County were aligned and focused from the onset on our ultimate priorities — efficiently staffing the program based on project life
cycle, creating tangible project scoring criteria that examined flooding
criteria and other important social factors for prioritization, examining project feasibility to properly allocate program funding, receiving
input from the community throughout the process, and including additional project features to enhance this program for all communities.
By working together, we delivered a flood control program that will
benefit the region for generations.

BOBBY MENGDEN, P.E., CFM, is a project manager, water, in AECOM’s Central
Region (www.aecom.com).
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Two concrete vaults were designed and delivered in pieces that could be put in place using an excavator so the contractor would not have to add a crane to the heavy equipment list.

Onsite stormwater
filtration

site along with medical waste, chemical drums, and tanks. Because
the landfill was constructed without a bottom liner, leachate was free
to drain out of the waste materials and directly into the groundwater.
NJDEP estimated that as much as 83,000 gallons a day of that leachate
flowed into the Passaic River.

Contaminated New Jersey landfill is transformed into
a commercial office complex.

Part of the remediation effort was the installation of two large systems
with a total of 109 cartridge filtration units that can trap and store nearly
30,000 pounds of sediment. The reason for the filtration system was the
NJDEP’s regulation that runoff from any new impervious surface be
treated to remove 80 percent of total suspended solids. The six-acre remediated site was designed to have two warehouse-size buildings, the
largest being nearly 200,000 square feet, along with new parking lots.

The landfill on Harrison Avenue in Kearny, N.J., is gone and in its
place is a new industrial/commercial office complex. Accepting refuse
from the 1970s until the early 1980s, the site was recently remediated
in an $8 million project that included capping to control emissions of
gas and protect against contact with contaminated materials and soils,
reducing the amount of leachate generation and capturing stormwater
runoff. The project was honored at the New Jersey Alliance for Action's
Annual Distinguished Engineering Awards event in October 2018.

According to the New Jersey Department of Environmental Protection
(NJDEP), hazardous organic and inorganic compounds were detected
in the shallow groundwater, which would discharge into the adjacent
wetlands and surface water. Volatile organic compounds, polyaromatic
hydrocarbons (PAHs), pesticides, and metals were detected at the

34

csengineermag.com

February 2019

According to calculations required by NJDEP, the maximum treatment
flow rate was to be 10.9 cubic feet per second (cfs) and that each acre
would generate 600 pounds of sediment a year. In order to be in compliance with the NJDEP regulation, an underground system measuring
nearly 2,000 square feet would be required. There was not space, however, for one system that would provide the required capacity because
of the site’s close proximity to the Passaic River, a road, and the size of
the buildings that would be constructed.
Also, much of the area is unusable land with hills and slopes created

To meet New Jersey Department of Environmental Protection requirements, 109
BayFilter units were used to create the stormwater filtration system at the old
Harrison Avenue landfill in Kearny.

when it was an operating landfill. Design engineering firm, Paulus
Sotolowski & Sartor, LLC (Warren, N.J.), decided to use two filtration
units with a total of 109 BayFilter 545 cartridges, each of which can
treat 0.1 cfs and can store 262 pounds of sediment. There would be 55
cartridges in one unit and 54 in the other.
This BayFilter filtration device from Advanced Drainage Systems, Inc.
is designed to remove fine sediments, heavy metals, and phosphorus
with its spiral-wound media filter cartridge. The storage capacity of the
entire filtration system is 28,558 pounds of sediment. ADS engineers
showed that the site could generate 3,606 pounds of sediment a year,
which would set the maintenance timetable at almost every eight years.
Aside from being able to fit the available space, the two concrete
vaults holding the cartridges were assembled onsite using six precast
concrete parts. The interior dimensions of each vault are 10 feet wide,
42 feet long, and 6 feet high. BayFilter worked with the precaster to
have the concrete vaults designed in pieces that could be picked up and
installed using an excavator so the contractor, DS Meyers Enterprises,
LLC (Waldwick, N.J.), would not have to add a crane to the heavy
equipment list. This method, instead of using a box culvert, enabled
the cartridges, outlet manifolds, and other internal components to be
installed without the need for an OSHA confined space permit.
Water is conveyed to the filtration units from manholes on the site
through an 18-inch-diameter inlet pipe. The layout of the filters inside
the vaults ensures that water will be evenly distributed to the filter cartridges. Inside each vault is a trolley that will be used to remove and
replace the filter cartridges, which are 22.5 inches tall, have a 30-inch
diameter, and weigh 250 pounds.
An ADS BayFilter is lowered into place in one of the two concrete vaults at the old
Harrison Avenue landfill in Kearny, N.J. Each BayFilter unit can trap 80 percent of
total suspended solids, meeting New Jersey's requirements.

During a storm, runoff begins to fill the structure. When the water
surface elevation in the vault reaches the operating level, water flows

February 2019

csengineermag.com

35

through the BayFilter driven by a hydrostatic head. Within the BayFilter, the water flows through a proprietary filter media and drains into a
vertical pipe. The vertical drain is connected to the under-drain system,
which conveys filtered water to the outfall.
After the filtration units were installed, the vaults were topped with a
separate slab and several feet of cover.
The completed site, redeveloped by Hartz Mountain Industries, is now
home to a new 57,000-square-foot Cummins Power Systems facility
and a specialized 200,000-square-foot storage facility for one of the
largest refrigerated warehousing companies.

Information provided by Advanced Drainage Systems, Inc. (www.ads-pipe.com).

Instead of using a box culvert, the open precast segments enabled the BayFilter
cartridges, outlet manifolds, and other internal components of the stormwater
filtration system to be installed without the need for an OSHA confined space permit.
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Opinion: Wetlands mitigation
banking has a successful
track record
Proven methods can restore a site to function as
part of a healthy ecosystem.
By Danny Moran

Wetlands mitigation banking has established a track record of success
in restoring and preserving crucial ecosystems in many states during
the last several decades. Now the proven system is positioned to grow
and expand even faster, combining the best of strong environmental
regulation and oversight with sound science and private-sector innovation and adaptability.
A mitigation bank is a piece of land that has potential, and natural attributes, but may have been altered or damaged in the past, perhaps
through ditching and drainage, logging, farming, ranching overuse, or
abuse that changed the landscape. To restore the site to function as part
of a healthy ecosystem as nature intended takes time and money, planning, and preparation. Mitigation banking is a proven way to achieve
those goals, tackling the complex challenge by combining strengths of
both the public and private sectors.
Mitigation bank sites that receive federal and regional approvals and
certification are funded by investors, including developers, a technique
that began in a small way in the 1980s and 1990s. If a development
project, such as construction of a major highway, pipeline, or infrastructure, is unable to avoid the taking or altering of wetlands, it may
“mitigate,” or offset that loss, by investing in restoration and conservation of an approved mitigation bank site. By doing so, development
itself helps pay for restoring critical habitat and ecosystems, furthering
a laudable federal goal of achieving “no net loss” of wetlands.
My company has overseen the rehabilitation of thousands of acres
throughout the South and is taking on new projects regularly. For
example, the company was recently selected to co-manage East Bay
Farms LLC, the sponsor of the Gulf Coastal Plains Mitigation Bank in
south Texas. The 1,957-acre site is a fully approved wetlands mitigation bank in the Galveston Region and has a variety of “credits” available for purchase by developers to offset their own projects once the
work is permitted and unavoidable losses are calculated. Every step of
the process is governed by strict regulations to meet the Clean Water
Act and other environmental provisions overseen by agencies such as
the U.S. Army Corp of Engineers and the Environmental Protection
Agency.
The turn-key approach we’ve developed to oversee projects from start
to finish has successfully helped restore vulnerable sites throughout
Florida, Louisiana, and Texas, particularly along the fragile Gulf Coast.
Recently, we have been ramping up efforts to assist more public and

Mitigation banks establish endowment funds to ensure that once a site has been
properly restored with the right blends of native foliage, vegetation, and hydrology,
the property can be well maintained and monitored.

private landowners and developers in navigating the mitigation system.
Maximum benefits flow to the environment, society, and the private
sector when a mitigation job is done right. The biological, hydrological, and engineering expertise of our restoration teams is used to recreate historic conditions and to enhance biological and wildlife communities. To achieve a client’s environmental objective, we employ
a unique balance of sophisticated science, regulatory knowledge, and
capital investment.
Our integrated approach enables us to manage or oversee every aspect
of a project, from initial market and site analysis to design, construction, and implementation, with long-term operational considerations
baked into the process from the start. For example, mitigation banks
establish endowment funds to ensure that once a site has been properly
restored with the right blends of native foliage, vegetation, and hydrology, the property can be well maintained and monitored.
Gulf Coastal Plains Mitigation Bank in the Galveston Bay watershed
is being restored to historic freshwater and intermediate salt marshes
that existed before the property was converted to cropland decades
ago. Surrounded by the Anahuac National Wildlife Refuge, the site is
within the Mississippi migratory flyway, and once fully restored will
add additional prime resting and foraging space for annual fall and
spring bird migrations. The open land will be protected in perpetuity
by a conservation easement.
While a successful restoration project can be a decisive win-win for
the environment, landowners, and public and private entities, it takes
a tremendous amount of attention to detail at every step to meet the
strict regulatory and legal requirements that govern the process. The
reputation of the mitigation banking sector is at stake with every new
project and the U.S. Army Corp of Engineers and other agencies rely
heavily on firms with a track record of success.
DANNY MORAN is managing director of EcoSystem Renewal 			
(www.ecosystemrenewal.com) and was elected vice chairman of the National
Environmental Banking Association (https://environmentalbanking.org) in 2017.
He has more than 30 years of experience in the mitigation field, land management, and environmental restoration. His Baton Rouge, La.-based company is
one of the pioneers of wetlands mitigation banking and one of its latest goals
is to help educate the public about the largely unheralded benefits of mitigation
banking.
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Transportation landmark
EXP designs a regional gateway for Meredosia, Ill., linking
the community to a new bridge over the Illinois River
By Nadia Abou and Sarah Wilkinson, CPSM

In June 2018, the small rural community of Meredosia, located 60 miles

west of Springfield, Ill., welcomed the opening of the new IL-104
Bridge over the Illinois River. Local residents and community leaders
waited for the unveiling of the structure that would serve as a new
gateway for the region and replace the previous bridge built in 1936.
Replacing the existing 75-year-old, structurally deficient and functionally obsolete bridge was paramount to economic growth and regional
mobility.
EXP challenged traditional design approaches to find a comprehensive
solution for the bridge. The crossing of IL-104 over the Illinois River
served as a backbone to the region’s transportation networks and was
critical to the region’s economy. Closure would, in fact, cause major
impacts to the region. At the same time, any replacement structure
needed to be efficient, economical, and easy to construct. Led by the
Illinois Department of Transportation (IDOT), EXP’s team determined
how existing concerns over placement of the structure could be resolved with innovative planning and design solutions.

The new bridge spans 2,125 feet across the Illinois River with a 590-foot-long tied
arch main navigation span and nine welded plate girder approach spans.

River water by an uncertified levee system, the town still lies within
a floodplain. EXP worked with IDOT and local town officials to integrate the revised river crossing within the downtown street grid and
designed a pump station to discharge flood waters to the river. This
collaborative and direct approach to planning and design yielded the
most efficient and strategic result, presenting Meredosia and the region
with a new tied arch bridge.

The team completed a preliminary engineering study, Environmental
Assessment (EA), as well as final design for the bridge’s replacement
using IDOT’s Context Sensitive Solutions (CSS) approach to yield
the prevailing solution. A Bridge Type Study assessed possible bridge
types for a new structure, including truss, cable-stayed, and tied arch.
In total, 17 alternatives were evaluated, including rehabilitation of the
existing 75-year-old bridge, reconstruction on the existing alignment,
and a new bridge on a new alignment.
The outcome resulted in a replacement bridge located approximately
255 feet north of the existing bridge, minimally impacting traffic
routes and commerce during construction. The new aligned bridge was
purposefully selected because it would minimally impact acreage and
farmland, cost less, and was supported by the local community and
municipality.
The selected design for the new IL-104 bridge was a tied arch structure,
meeting the project’s and client’s fundamental purpose of providing a
reliable and secure crossing over the Illinois River for the next 100
years. EXP, IDOT, constructors, consultants, and steel fabricators all
contributed to the thoughtful detailing in the new crossing. The design,
which simultaneously struck efficient and economical cords by reducing inspection and maintenance costs, additionally required attention to
stormwater and drainage to alleviate potential flooding.
While Meredosia’s downtown area is protected from rising Illinois

While tied arch bridges follow a standard design method, EXP utilized innovative
processes to design the IL-104 Bridge.

A new arch over the Illinois River

The new bridge spans 2,125 feet across the Illinois River with a
590-foot-long tied arch main navigation span and nine welded plate
girder approach spans ranging from 142 feet to 200 feet. While tied
arch bridges follow a standard design method, EXP utilized innovative
processes to design the IL-104 Bridge. Innovative solutions included
the use of I-sections tie girders to be more economical and easier to
maintain, a design for high vessel-collision loads, seismic design for
2,500-year Return Period in Seismic Performance Zone 2, and seismic
Continued on page 40
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FilterGrid,
A Geosynthetic Marriage
There have been many innovations in geosynthetic
technology since the first use of geotextiles in
the 1960s, both in the geosynthetic materials
themselves and our understanding of their proper
application. As our understanding of the functions
of different geosynthetic materials has developed,
it has led to the creation of geocomposite
materials which combine these functions.
Geogrids and geotextiles each have important
functions. One of the most important geosynthetic
functions, which can be accomplished using both
geogrids and geotextiles, is the separation of fine-grained subgrade soils, like silts and clays, from granular layers. In the case of geogrids,
separation depends on the relative size and gradation of both the granular material and the fine-grained soil. With proper design, a wellgraded aggregate placed over a stiff, stable geogrid will function as a filter, preventing migration of fine-grained soils. This will provide the
best solution in most cases for long-term separation of fine-grained soils from granular material.
However, in some cases, filtration cannot be achieved, due to the combination of the gradation of the subgrade soils and the available granular
material. In other cases, the designer does not have sufficient data on the subgrade soils to determine if filtration can be achieved. When faced
with these issues, the best solution may be the use of a geotextile to ensure that separation is maintained. Geotextiles provide separation
based on the openings in the fabric, which allow water to pass through the material while being small enough to restrict the passage of finegrained soil particles. In most cases, the fabrics used for separation are light (4 to 8 ounces/square yard) non-woven geotextiles.
Because fine-grained subgrades requiring separation are almost always unstable as well, the stabilization function of geogrids is also needed.
So in cases where a geotextile is specified to ensure separation, it is often installed under a geogrid, which stabilizes the granular layer above
to provide a stable surface. When using this approach with separate geogrid and geotextile materials, this results in one or more added
construction steps.
Tensar has introduced TriAx FilterGrid, which combines TriAx Geogrid with a non-woven geotextile, to allow the installation to be achieved in
a single step instead. Now, in cases where both a geogrid and a geotextile are required, contractors can save time and labor by installing them
together. And TriAx FilterGrid is built to make sure that full interlock of the aggregate with the geogrid is maintained, so the stabilization of
the layer is not compromised.
Geosynthetic technologies offer some of the greatest potential benefits for infrastructure improvement. By developing TriAx FilterGrid, a
composite material that combines multiple functions in a single step, Tensar has added another tool for engineers and contractors to build
better.
About Tensar International
Headquartered in Atlanta, Tensar International is a full-service provider of specialty products and engineering services that offer innovative and
cost-effective alternatives to traditional construction methods. Tensar solutions are based on advanced soil stabilization and reinforcement
technologies and incorporate unique, engineered applications for commercial, industrial, municipal, residential and transportation
infrastructure site development. The company specializes in solutions for common site development challenges, including grade changes
requiring retaining walls and poor soil conditions affecting the cost of roadways, parking lots and building structures. Patented, polymeric
Tensar® Geogrids and Tensar’s Geopier® foundation reinforcement piers are the primary components of the company’s systems, offering
reliable strength and durability. Contracted services include site evaluation, conceptual engineering, design, value engineering and installation
advice. For more information, visit http://www.tensarcorp.com.
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meetings with community members, agencies, and businesses, and
utilized newsletters and a website to provide information on impacts
to the village and the region. Coordinated efforts were ongoing with
10 federal and state agencies and 14 Native American Tribes, all while
ensuring the needs of the local community would still be simultaneously met.

The IL-104 replacement bridge is approximately 255 feet north of the existing bridge,
from which this photo is taken.

analysis performed by a 3D elastic model of the entire bridge.
Additional innovative highlights exceeding standard methods include
simple floor beam to tie girder connections, Vierendeel arch rib bracing
with large strut spacing and struts offset from the hanger locations,
verification of aerodynamic stability by computational fluid dynamics
modeling, and wind tunnel testing. IL-104 also features unbalanced
dead load conditions not called for by any bridge codes, including
AASHTO, and arch modeling and analysis using the state-of-the-art
LARSA-4D Finite Element Analysis program. While many may just
notice its distinctive blue arch, IL-104 offers a simple and unequivocal
approach to steel detailing and design principles.

Revitalizing the community

The community played an influential role in the planning and design
phase of the new crossing. During each phase, our team held public

Residents and business owners thought a bridge closure would require a detour, causing traffic to be diverted, bypassing the Village of
Meredosia. A closure would impact the region economically, disrupt
commercial traffic routes and farmers, who regularly transport heavy
equipment. After receiving community feedback and reviewing the
completed EA and CSS, the tied arch bridge was built on a new alignment that still enabled traffic to run through the town, eliminating
economic impacts.
The IL-104 bridge emerged to safeguard and enhance the region’s existing transportation and mobility network. Alongside IDOT, contractors, consultants, and an engaged community, EXP was able to create a
transportation landmark to replace a structurally deficient and obsolete
bridge. Today, a gateway stands as an iconic landmark of mobility,
growth, and hope for the Village of Meredosia and the region.

NADIA ABOU, corporate communications coordinator for EXP (www.exp.com),
strives to enhance the public’s understanding of complex engineering projects
and the array of benefits they provide to communities. SARAH WILKINSON, CPSM,
director, corporate marketing at EXP, is passionate about the AEC industry and
has spent the last 15-plus years thinking creatively about the built environment.

Ready for takeoff in
New Orleans
High-performance concrete is integral to massive airside
paving project at Louis Armstrong New Orleans International
Airport’s new North Terminal.
By Robert Doubleday and Steve Salzer

Louis Armstrong New Orleans International Airport achieved great
success during the last several years as it continued to grow and improve travel to and from the Greater New Orleans region. In 2016, the
airport experienced a 21 percent growth in nonstop destinations and
surpassed 11 million passengers served. In 2017, the airport set yet
another record, with more than 12 million passengers handled.
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High-quality slipform paving work by Boh Bros. relied on Lafarge’s innovative
concrete mix designs for the airport’s expansive new apron and taxiways.
Photo: courtesy Louis Armstrong International, August 2018

Trucks transported concrete from the batch plants to the front of the slipform pavers throughout the 10-hour evening work schedule at the job site.
Photo: courtesy Boh Bros. Construction Co., LLC

In 2016, the airport began building a new world-class terminal complex to replace its current terminal and support continued progress and
projected growth in passenger and cargo volumes. The Hunt-GibbsBoh-Metro Joint Venture team is serving as the Construction Manager
at Risk (CMAR) for this $1.029 billion new terminal project, which is
scheduled to be completed in May 2019.
The 972,000-square-foot terminal will feature three concourses with
35 gates, a consolidated checkpoint, seamless connections between
concourses, parking garages, and surface parking lots. It will also
include a new high-performance concrete apron surrounding the concourses where aircraft are parked, refueled, or boarded, as well as the
extension of two taxiways connecting the new terminal to the airport’s
existing runway system.
As with any large-scale project, planning, coordination, production,
and various technical issues created challenges that required a tremendous level of collaboration among industry professionals to deliver a
high-performance airfield pavement for this new world-class airport.

Building a strong foundation

As the final step in creating a solid base under the surface concrete
pavement, a 7-inch-deep layer of econocrete (lean concrete) was
placed on top of the soil-cement-treated subbase. In compliance with
Federal Aviation Administration (FAA) P-306 specifications, the
quality-control laboratories of Lafarge (also a member of the LafargeHolcim family of companies) designed and received approval for two
econocrete mixes containing a blend of portland I/II cement, p-gravel,
sand, and fly ash to achieve stringent performance criteria.

Optimizing the pavement mix

Vital to the success of any high-performance paving project is the concrete mixture. For New Orleans’ new airport terminal, this required a
strong collaborative effort between Boh Bros. Construction Co. and
Lafarge in developing a high-quality airside concrete pavement.
The pavement mix design was guided by FAA P-501 specifications,
with a flexural strength of 650 psi at 28 days. Slump was specified at
0.75 (plus or minus 0.25) inches and air content at 5.5 (plus or minus
1.2) percent. Field testing of the high-performance mix included a
1,000-foot section of the pavement.

The new terminal is being developed on reclaimed swamp lands
typical in southern Louisiana, with nearly 100 feet of organic soils. To
build on these challenging Louisiana subsurface conditions, significant
ground improvement was necessary before placement of the concrete
pavement could begin.
As a first step, the subgrade below the paved areas was surcharged with
2.5 million tons of sand and 3,200 miles of wick drains. It took almost a
year of night deliveries to haul in all the infill; the 4-foot-deep layer of
sand was left in place for nine months to progress settlement.
To provide a suitable subbase foundation, the subgrade was stabilized
with an in-situ cement soil solidification treatment. For this application, the Genevieve Plant of Holcim (a member of the LafargeHolcim
family of companies) supplied more than 16,000 tons of portland I/II
cement, which was homogenized with the soil and firmly compacted.

The paver put out a well-closed surface and there was very little additional work on
the pavement after it came out the back end of the paver.
Photo: courtesy Boh Bros. Construction Co., LLC
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For the project, materials and processes needed to meet stringent quality standards. To make the best decisions on mix ingredients, the team
conducted an extensive evaluation of various aggregates, cementitious
blends, and admixtures to determine what materials would work best
together in achieving the targeted performance characteristics specified
for the concrete.
Upon successful completion of exhaustive testing and performance assessments, a concrete mix design containing a 45 to 55 percent blend of
Type I/II portland cement and NewCem slag cement was selected for
the project. This high slag cement content in the mix produces denser
concrete with higher compressive and flexural strengths, reduced
permeability against chlorides, increased resistance to alkali-silica
reaction, and excellent finishing qualities. It also achieves a high early
strength of 500 psi, which allowed the paving crews to work off of the
concrete three to four days after it was placed.
Consistency, quality, and attainment of specified target performance
were greatly enhanced by using a combined aggregate gradation approach for meeting mix specifications. Aggregates used included a #57
course aggregate, a native sand from the Lafarge Honey Island site, a
concrete sand with a very controlled gradation and fineness modulus,
and an intermediate aggregate to bridge the gap between the course and
fine aggregates.
Reproportioning the blend ratio of these aggregates in every batch
allowed the team to reproduce a near-identical mix with very little
variability. “This would drive strengths higher, reduce water demand,
allow the absolute minimum cement content dictated by the specification and greatly exceed the average required 28-day strength,” said BJ
Eckholdt, quality control manager at the Louisiana Division of Lafarge.

Quality control at the forefront

To ensure a high degree of consistency, reliability, and quality control,
the project team mobilized two concrete batch plants at the jobsite,
each producing an average of 150 cubic yards of concrete per hour.
Gradation tests were run every day, and Lafarge’s quality-control
laboratories adjusted aggregate proportions in the mix to achieve a
consistent coarseness and workability factor for optimal paving performance. “The aggregate quality was excellent, and we well surpassed
the required strength using the prescribed cementitious material content,” Eckholdt said.
The quantity of concrete produced was based on detailed day-to-day
planning. Typical daily production was 1,800 to 2,000 cubic yards for
dump trucks during the night and 400 to 600 cubic yards for mixer
trucks during the day. For the entire paving project, Lafarge produced
more than 165,000 cubic yards of concrete for airfield paving requirements. Jobsite quality-assurance plans included multiple tests on the
first batch from each plant, including slump, air, unit weights, and
temperature. Flexural strength was tested every 200 cubic yards.
The large-scale paving project also required a significant degree of
inventory planning and logistics to meet production demand. LafargeHolcim kept its Lafarge slag cement processing facility and Holcim
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portland cement manufacturing plant open for supplying cementitious
materials whenever they were needed, which was important because
jobsite central mix operations were working around the clock.

Paving gets underway

Work on the apron and taxiways started in late January 2018, and Boh
Bros. and Lafarge attacked the job from the very beginning. Slipform
paving was performed in 10-hour increments at night, and the team’s
execution had to be flawless in order to overcome the challenges of
keeping work crews going, replenishing material inventories, and
coordinating trucks to transport concrete from the batch plants to the
front of the pavers. Ongoing communication kept the team aware of
what needed to be done and when, enabling workers to run the operation like a well-oiled machine.
A new state-of-the-art G&Z S600 slipform paver purchased specifically
for the project greatly enhanced jobsite maneuverability, as it could go
into a counter-rotate mode and spin 360 degrees inside its own tracks.
This feature allowed the operator to get off of a lane, make a quick
U-turn and start paving again within five minutes. An advanced Leica
control system allowed for precision grade control.
According to Tim Lewellen, Boh Bros.’ paving project manager, paving widths at the airport site measured 18 feet, 9 inches, even though
the machine is capable of paving as wide as 30 feet. “The paver put
out a very well closed surface, the edge slump was negligible, the edge
corner was 90 degrees, and there was very little additional work on the
pavement after it came out the back end of the paver,” he said.
Contractors drilled holes and inserted load-transfer dowels every 18.75
feet on the 17-inch and 18-inch slabs, and every 9.375 feet on the
9-inch slabs. Test sections of pavement were cored every 15 feet to
ensure that the aggregate was evenly distributed below the surface.
Total pavement installed in the airside operations area encompasses
more than 76 acres, the bulk of which was performed during a threemonth period. This includes 277,000 square yards of 17-inch pavement and 26,100 square yards of 9-inch pavement for the apron, 46,150
square yards of pavement for the taxiways, and 14,250 square yards for
the ground support equipment road.

Broad and lasting benefits

The new world-class terminal at Louis Armstrong New Orleans International Airport will offer broad and lasting benefits to the New
Orleans air transportation system, its economy, and the lives of those
who live and work in the region. From the beginning, the new terminal
was designed with flexibility to allow the airport to adapt as quickly as
needed to support future growth in domestic and international flights.
The construction project is currently more than 85 percent complete.
When the new terminal opens in 2019, the current terminal will close.
ROBERT DOUBLEDAY (robert.doubleday@lafargeholcim.com) is operations manager and STEVE SALZER (steve.salzer@lafargeholcim.com) is sales manager
at the Louisiana Division of Lafarge, a member of the LafargeHolcim family of
companies (www.lafargeholcim.us). They can be reached at 504-834-3341.

Rich Haynes, a pipeline resident representative with TRWD, uses a Trimble R8 GNSS unit and a Trimble Yuma 2 tablet to collect as-built measurements of an installed conduit for
the IPL project. With RTAB, that data is available in near real-time back in the office.

Bringing the field into
the office in real time
TRWD integrates as-built pipeline data into its
water transmission GIS model.
By Mary Jo Wagner

Sometimes a project comes along that changes everything. For the Tar-

rant Regional Water District (TRWD) in Fort Worth, Texas, that project
was the Integrated Pipeline Project (IPL), the largest water transmission system of its kind in the state. Built in partnership with the City
of Dallas Water Utilities (DWU), the IPL will consist of 150 miles of
pipeline, three new lake pump stations, and three new booster pump
stations built to deliver a required capacity of 350 million gallons per
day (mgd) of raw water to North Central Texas (Figure 1).
Although pipelines, reservoirs, and floodways have been a natural part

of TRWD’s business for 90 years, the IPL would redefine business as
usual –– particularly for the geospatial services group. In the past, the
group required extensive time to integrate accurate as-built data from
pipeline construction projects into their water transmission GIS model.
Given the scope of the IPL, they wanted to be able to collect and integrate survey-grade as-built data into their central GIS in near real
time to enable crews, managers, and stakeholders to monitor multiple
pockets of construction, identify any issues that arose, and immediately respond to them. The issue was how to do it.
“We had the high-precision survey technology and we had the GIS,”
said Mark McGuire, co-manager of TRWD’s geospatial services
group. “We knew they wouldn’t be the problem. The bottleneck was
the real-time interoperability.”
However, by connecting a bit of ingenuity with creative customization,
TRWD broke through its information bottleneck with the development
of its real-time as-built program (RTAB). A deceptively simple solution to a complex problem, the RTAB not only integrates survey data
into TRWD’s GIS in real time, it parallels the field activities outside so
managers inside can monitor construction as it’s happening, ensuring
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Initially they focused on assembling the survey technology that would
meet their high-accuracy data requirements. As long-term users of
Trimble technology, they chose a collection of Trimble R8 and R8s
GNSS receivers to acquire Real-Time-Kinematic (RTK) survey data
and a set of Trimble Yuma 2 rugged tablets to store and export the field
data. The Yuma tablets would be particularly beneficial because they
offer Trimble Access survey field software, a user-friendly operating
system and mobile communication technology.
In addition, the geospatial services group created and set up for each
data collector a detailed data dictionary template for acquiring 30 pipeline assets and attributes and outfitted all crews with a standard operating procedure (SOP) document that clearly instructs what features to
collect and how to collect them (Figure 2). Standardizing the survey
process with uniform hardware and software, a data dictionary, and an
SOP ensured teams would collect all required IPL assets at the required
sub-decimeter accuracy and reduce user error.
Figure 1: Map of the Integrated Pipeline Project, the largest water transmission
system of its kind in Texas.

both the horizontal and vertical accuracy of the assets being placed
and the real-time responsiveness to any issues needing attention. Four
years into the IPL construction, the new system is providing a perspective they’ve never had before, a level of information they’ve never
had before, and it’s changing the business of pipeline construction for
them.

What if…

RTAB started from a spontaneous question that was a little radical at
the time. It was 2010 and managers were highlighting the need for
more efficient data processing and sharing of GIS-based construction
information. They needed to ensure all infrastructure assets were being
placed according to design specifications, and with the magnitude of
the IPL, they couldn’t afford even a single day delay in as-built data.
That’s when Eddie Weaver, TRWD’s IPL deputy program director,
asked, “What if we could get the as-built survey data into the enterprise
GIS in real time?

With the survey and GIS elements set, TRWD focused on the most
challenging piece: finding a solution to bring the GNSS data automatically into its Esri Enterprise GIS. In 2013, TRWD gave that puzzle to
engineering consulting firm Halff Associates to solve.
Halff, based in Richardson, Texas, first capitalized on the existing
mobile technology of the Yuma tablet and installed a cloud-based file
sharing software. With this approach, crews could transfer the field
data to the office via a cellular connection. The Halff team also took
advantage of Esri ArcGIS Server’s REST services, which allowed
them to create the web-based framework to automatically process and
move the Trimble survey data into the GIS. From there, they developed
a customized “listener” tool that would detect new IPL-related files
uploaded to the cloud, quickly analyze them, and using the predefined
ArcGIS REST services, automatically move the information into the
correct data layers and attribute fields in the GIS.
Readied for the field in January 2014, the RTAB program would run on
a combination of seven Trimble R8s and R8 receivers and Yuma tablets
for the IPL project.

“Historically, as-builts have been an afterthought on construction
projects,” Weaver said. “They often weren’t collected, and if they
were, they were hand-drawn on paper and weren’t always accurate or
complete. But as-built data is critical to ensuring quality control on
the IPL design and for giving us a detailed inventory of our installed
assets. That made me wonder, ‘Can we develop the technical capability
to collect as-built data ourselves and tie it into our existing GIS and
asset management systems, to give us a real-time record of what we
installed, where it was installed, and when it was installed?’”
No one had an immediate answer. At the time, they were not familiar
with any technological options for that kind of seamless, real-time
interoperability. And they knew of very few, if any, organizations that
were routinely integrating high-precision as-built information into
their GIS.
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Figure 2: TRWD’s geospatial services group outfitted all crews with a standard
operating procedure document that clearly instructs what features to collect and how
to collect them. This diagram details what data points to collect on a fiber vault.

Crews use a Trimble R8 receiver to take an as-built measurement of an installed pipeline joint on an existing pipeline during routine maintenance.

“For the IPL, we’ll have 150 miles of pipeline, 99 percent of which
will be underground,” McGuire said. “Our survey technology provides
the precise as-built data we need and the RTAB program ensures that
we can monitor and verify that every pipeline segment and asset is
being placed according to the design in near real time. In terms of
efficiency and potential cost savings, that is priceless.”

As-builts in real time

The IPL is being constructed in five distinct phases. Phase one construction began in May 2014 and is expected to be completed in the
spring of 2019. When finished, crews will have laid 70 miles of 84inch to 108-inch pipeline, built a 350-mgd booster pump station, and
constructed a 450 million-gallon balancing reservoir and ancillary
facilities. When the entire IPL is built, it will give DWU and TRWD
an added 350 mgd of water supply to serve both its nearly 4.5 million
existing customers and to meet the estimated population growth of the
region.
Since phase one began four years ago, TRWD field teams have been
collecting sub-decimeter horizontal and elevation data of features as
crews build the required infrastructure. Although the need for surveygrade as-builts has depended on construction, at least two TRWD
teams have been routinely onsite for pipeline construction, with up to
nine crews at peak times.
With the Trimble R8 and R8s receivers, crews use a combination of
Trimble VRS (Virtual Reference Stations) technology, hosted by AllTerra, to provide RTK GNSS corrections to meet their sub-decimeter
accuracy requirements. As each pipe segment is set, TRWD pipeline
inspectors follow the specific SOP to collect all required asset and at-

tribute data such as pipe-segment joints, valves, centers of manways,
and pipeline centerlines. Once a pipeline section has been buried,
teams return to collect as-builts of surface feature assets like fences
and crossings.
“Typically, we only have a half-day or a one-day window before a pipe
segment is buried,” said McGuire. “With this real-time system, we
can determine immediately if a pipeline alignment is deviating from
engineered plans, or if assets are not located in the original design locations. We can then alert crews to the error and rapidly ‘course-correct,’
saving the project from wasteful downtime and the unnecessary redo
of pipeline construction.”
Once the pipeline assets have been acquired, the team uses the Yuma
tablet’s Trimble Access software to export their data as a standard CSV
file to the cloud. When the RTAB listener tool detects the new file, it
parses it and automatically distributes the information into the relevant
IPL datasets in TRWD’s GIS. Personnel in the geospatial services
group then review and verify the accuracy of the newly acquired data,
either flagging it for further review or accepting it and making it available for immediate viewing across the organization. To date, TRWD
teams have collected nearly 20,000 data points on the IPL project.
“The moment we hit that sync button, the data is live and available to
us and all the stakeholders so key decisions can be made in real time,”
McGuire said. “In the past, it would take days to weeks to integrate our
survey and GIS data, delaying our ability to make informed decisions.
Now we can look at it live across multiple devices. It’s completely
transformed our work patterns on the IPL and has begun to change how
we support other divisions across TRWD.”
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The IPL will consist of 150 miles of pipeline, three new lake pump stations, and three new booster pump stations. It will deliver a required capacity of 350 million gallons per day
of raw water to North Central Texas.

Indeed, based on the success of the RTAB system during phase one of
the IPL, TRWD will continue to use its survey technology and RTAB
for phase two construction, which will begin in the spring of 2019 and
aims to add 40 more miles of pipeline to the IPL.
In addition to the IPL, TRWD has expanded the program to support
traditional and real-time surveying efforts including flood-control
management, existing pipeline infrastructure, floodways, and utilities.
And it recently began an internal pipe data collection effort with the
Trimble SX10.
Similar to the IPL process, geospatial services staff use Trimble SX10
and R8s GNSS units with Yuma tablets to collect a host of location
and as-built data on critical infrastructure assets. They then export the
data in real-time and the RTAB listener identifies to which particular
project the data corresponds and populates the relevant GIS datasets in
the enterprise GIS.

of the RTAB program into TRWD’s asset management system (AMS)
is also providing levels of insight and management opportunities that
they’ve never had before.
“Connecting RTAB with our AMS is so powerful,” said Wesley
Cleveland, TRWD’s integrated pipeline director. “Because we collect
so much attribute data we can better monitor and maintain assets as
they degrade or if something breaks down. Now our field guys can
accurately navigate to an asset in the field, access the system, isolate
the specific asset in question, and have all the relevant attribute data
in seconds. Once they’ve completed their work, they can capture an
as-built, update any relevant attribute data, and it’s immediately saved
to both the GIS and AMS. This is far and away better than our paper
drawings of the past. We will be using this system on anything we put
in the ground.”

According to Rachel Ickert, TRWD’s water resources engineering
director, the geospatial services group has used this data to develop
a GIS-based hydraulics model, incorporating elevations of pressure
readings and meters to allow them to better calibrate real-world field
information with their planning models.

It appears then that the “integrated” part of the IPL is not only integrating infrastructure to keep sufficient water flowing to residents, it has
helped bring data integration to TRWD in a completely new way. Fostering real-time monitoring, reporting, accountability, and decisionmaking, TRWD’s RTAB is creating a geospatial data pipeline across
its organization that is as fluid as the water it provides. In McGuire’s
words, that is priceless.

In addition to the significant operational benefits TRWD is gleaning
from seamlessly linking the as-built data to its existing GIS, integration

MARY JO WAGNER is a freelance writer, editor, and media consultant based in
Vancouver, B.C.
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AUVSI XPONENTIAL 2019
The Association for Unmanned Vehicle Systems International
conference and exhibition explores drones and unmanned vehicles.
The Association for Unmanned Vehicle Systems International (AUVSI), expects 8,500 technologists, regulators, and users across commercial and defense sectors to attend AUVSI XPONENTIAL 2019, April
29-May 3 at McCormick Place in Chicago. Billed as “the largest, most
comprehensive trade show for unmanned and autonomous systems,”
AUVSI XPONENTIAL 2019 features more than 250 exhibitors, including drone manufacturers; state and country pavilions showcasing
the latest and most relevant technologies from leading organizations
all around the world; more than 150 educational sessions presented by
more than 300 speakers; 15 keynote speakers; and several co-located
events (most free for XPONENTIAL attendees).
Educational sessions

All XPONENTIAL educational sessions fall into at least one of the
following five primary tracks:
Drone Tech User Track offers a series of sessions dedicated to safely,
efficiently, and effectively advancing unmanned aircraft system (UAS)
deployment. Delineated by experience level — beginner, intermediate, or advanced — sessions in this track will address everything from
building a business case for the use of drones to scaling operations
across an enterprise.
Policy Track features leaders shaping unmanned systems regulation
and policy for unmanned aircraft, automated vehicles, and maritime
systems.
Public Safety UAS Track offers public safety practitioners the opportunity to discuss key issues of interest to the community. Panel
sessions and stand-alone presentations led by experienced emergency
responders and public safety veterans will cover a range of topics from
program implementation to lessons learned to regulatory considerations, and more.
Technology Track sessions, designed for engineers, developers, technologists, and researchers, allow attendees to stay up-to-date on the latest technology trends and advancements impacting unmanned systems
and robotics, including artificial intelligence (AI), machine learning,
blockchain, payload advancements, as well as software and hardware
developments. Discover how advanced capabilities can fit within your
technology roadmap, research and development initiatives, and business strategy.
Trending Topics Track addresses the latest research and updates on
emerging applications to state-of-the-art developments in technology
areas such as blockchain and AI. Attendees will hear from leaders who
are pushing the envelope by tackling the industry’s most difficult challenges while highlighting near-term opportunities.

Keynotes

Each day of XPONENTIAL 2019 features topics and keynotes devoted
to various aspects of unmanned systems. Keynotes on Tuesday, May
1, address “The Unmanned Economy.” As the futuristic world of unmanned systems, intelligent robotics, and drones unfolds, what may
once have seemed like science fiction is now becoming a reality. Five
keynote speakers will discuss how unmanned systems are shaping Big
Industry, where opportunities are emerging, and how the community
will address important challenges and prepare for the “work of the
future.”
Keynotes on Wednesday, May 2, address “The Unmanned Lifestyle.”
Even though the “Jetson lifestyle” isn’t upon us just yet, technology
advancements — such as AI, digital connectivity, automation, and
intelligent machines — have drastically changed our lives in just a
few short years. Three keynote speakers will continue to build on the
ideas and concepts presented on day one, exploring the cross-section
between technology and society. From the emergence of AI in our
everyday lives to the prospects of on-demand automated mobility, and
everything in between, what do these advancements mean for us today,
and what does the future hold?
Keynotes on Thursday, May 3, address “Unmanned for Good.” In the
wake of multiple hurricanes, wildfires, and other natural disasters last
year, unmanned systems across all domains became widely recognized
as the future of disaster relief. From search and rescue to humanitarian
missions, unmanned technologies were utilized around the world, providing aid to those who needed it most. Thursday keynotes, including
a keynote panel — Unmanned Systems Respond to Disaster — are
dedicated to the humanitarian and public safety communities and the
responders who risk their lives every day to make us all safer.
Additionally, the AUVSI XCELLENCE Humanitarian award recipients will be announced during a special ceremony followed by an
interactive discussion with first responders who conducted numerous
unmanned missions in response to Hurricanes Harvey, Irma, and Maria, as well as recent wildfires.
More information about the conference and exhibition and registration
is available at www.xponential.org/xponential2019.
Information provided by the Association for Unmanned Vehicle Systems
International (www.auvsi.org), a nonprofit organization dedicated to the
advancement of unmanned systems and robotics, representing corporations
and professionals from more than 60 countries involved in industry, government, and academia. AUVSI members work in the defense, civil, and commercial markets.
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SPECIFY

01. Hollow-core retaining wall blocks

02. Metal framing system

03. Stormwater and septic chambers

Redi-Rock International’s Redi-Rock XL HollowCore Retaining blocks are twice the height of
standard Redi-Rock blocks and available in widths
of 52, 72, or 96 inches. According to the company,
the benefits of integrating Redi-Rock XL blocks
into walls include the ability to build taller gravity
walls, streamline installation with twice as much
face coverage for each machine-set XL block, save
on shipping costs due to the hollow-core design, and
optimize walls by mixing and matching XL blocks
where needed and standard blocks when possible.
Engineering and installation resources accompany
the launch of Redi-Rock XL.

Studco Building Systems’ engineers designed
the Vortex High Performance Framing System
to address the variable surfaces of modern
concrete structures and the stresses and tension
that tall buildings experience in high winds. This
lightweight steel framing system reduces stress
and tension from the building's internal framing by
using features such as rigid beams which increases
stiffness and resists buckling, anti-tension kerfs
which limits deformation where the substrate is
extremely uneven, and isolation clips to eliminate
metal-on-metal contact at the bases of wall studs,
door jambs, and ceiling wall track sections. These
features significantly reduce the creaking sound in
tall buildings, the company said.

CULTEC changed the design of its plastic stormwater
and septic chambers to improve product integrity and
provide safer handling and a fresh look. The company
added a thin, blue “sunblock” layer to the chambers,
which contains a special formulation to protect against
ultraviolet and weathering damage. The blue color
also reduces the surface temperature of the chambers
in direct sunlight. The inside surface of the chamber
continues to be black. The new color designation will
also allow for quicker identification of heavy-duty,
traffic-rated chambers (blue) versus standard-duty
versions (black).

Redi-Rock International
www.redi-rock.com/xl

Studco Building Systems
www.studcosystems.com

CULTEC
www.cultec.com
Structural
Engineers Axiom #7
Structural Engineers Axiom #7

®

HydroCAD

Stormwater Modeling
Preferred by the majority of
the top civil engineering firms
for its broad technical
capabilities and ease-of-use,
HydroCAD takes the TR-20
and TR-55 methodology to
the next level, with powerful
options for outlet devices,
pond storage, rainfall
libraries, pumps, vortex
valves, underground
chambers, CAD import, and
much, much, more.

Complete NRCS TR-20, TR-55, SBUH, & Rational hydrology,
plus hydraulics, pond design, chamber layout & much more!
HydroCAD is surprisingly affordable, with a unique pricing
structure that lets you expand your node capacity and usercount as your needs grow. With the extensive Help system,
tutorials, web articles, self-study program, webinars, and
free email support you’ve got all the resources you need to
get the job done right and on-time.

Try our Free HydroCAD Sampler at

www.hydrocad.net

HydroCAD Software Solutions LLC, Box 477, Chocorua, NH 03817 1-800-927-7246
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Professional
Liability
Professional
Liability
is Essential.
is essential.
Overpaying
is Not.
Overpaying is not.

It pays to have the right professional liability coverage. But you
t pays to have the right professhouldn’t overpay.
sional liability coverage. But you
shouldn’t overpay.
At Fenner & Esler, we’re more
At Fenner & Esler, we’re more
than just brokers. We’re A/E
than just brokers. We’re A/E
specialists. Delivering the right
specialists. Delivering the right
coverage and value to design
coverage and value to design
ﬁrms of all sizes since 1923.
firms of all sizes since 1923.
With multiple insurance carriers.
With multiple insurance carriers.
And a proven track record
And a proven track record
serving the unique risks of
serving the unique risks of
structural structural
engineers.
engineers.

I

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

Call toll-free:
Call
toll-free:
866-PE-PROTEK
866-PE-PROTEK
(866-737-7683
x.208)
Ask for Tim Esler.
(866-737-7683
x.208)
Ask for Tim Esler.
Email:
Email:
tim@Insurance4Structurals.com
tesler@fenner-esler.com
tim@Insurance4Structurals.com
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Like our advertisers?

Visit their site and tell them we sent you!

American Concrete Institute www.ACIExcellence.org
American Institute of Architects www.AIA.org
Bluebeam www.bluebeam.com
ClearSpam www.clearspan.com
C+S Engineer's Rising Stars Award www.csengineermag.com
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Plastic Solutions, Inc. www.plastic-solution.com
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Owners and staff of this publication attempt to assure accuracy of content. In the publication
process, it is possible that typographical, editorial, or other errors december occur. The reader is
warned to make independent verification of any techniques, methods, or processes contained
herein before implementation. Techniques, methods, or processes published in this magazine have
not been independently verified or tested by the staff of this publication and are not endorsed or
recommended by this publication, which disclaims any responsibility for results or consequences
of their implementation. Reader assumes full risk of loss, damage, or injury to persons or property
from the implementation. Anyone who purchased this publication under the mistaken impression that
the contents herein had been independently tested or verified by this publication november submit
a written request for a full refund of subscription price within thirty (30) days of date of purchase.
The foregoing is the sole remedy hereunder against the publisher, its staff, and owners for any claim
related to any techniques, methods, or processes set forth herein.
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every Monday morning.
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Beth Brooks
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bbrooks@zweiggroup.com
479.502.2972
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CE PROFILE

Total compensation tool
By Tyler Thompson

Zweig Group announced the introduction of its 2019 Total Compensation

Tool, a dynamic spreadsheet that provides additional information for
firms when addressing compensation for their employees. All the statistics
from architecture, engineering, and construction firms that Zweig Group
has tracked for decades — base salaries, bonuses, total compensation,
bonuses as a percentage of base salaries, years of experience, and hours
worked — are analyzed for 125 of the most common job titles in the
AEC industry.
The tool is divided into three major tabs. The first one is the Charts tab,
which displays an overall view of any job title available in the dropdown
box using nothing but graphs. The two major charts on the page show
a salary breakdown and total compensation plotted against years of
experience.
Next, a demographics section shows who filled out the survey according
to the employee’s age and gender followed by the firm’s staff size and
growth rate. To round out the tab, we included results on if this employee
typically received a bonus and/or was eligible for overtime.
In contrast to the Charts tab, the Analysis tab offers the data in statistical
form. In addition to being able to select a specific job title, users are able
to select a specific statistic and see the breakdown between the different
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firm demographics. For example, to see bonuses for project managers in
the civil engineering department, the Total Compensation Tool shows
the mean, median, lower quartile, and upper quartile for the position
overall, followed by the statistical splits between staff size, age range,
gender, and region.
The Regional tab is the final tab and perhaps the most interesting of the
group. This tab not only provides the typical regional analysis that Zweig
Group uses (New England, Middle Atlantic, Pacific, etc.), but also breaks
it out by subregion and state. The dynamic chart in the middle of the
page automatically sorts the states in descending order to better visualize
where each state fares for a certain statistic and job title.
With the overall Total Compensation Tool or one of Zweig Group’s
region-specific subsets (West, Central, East), firms will be well equipped
with data to benchmark their compensation tactics. While Zweig Group’s
salary surveys are by no means obsolete, the Total Compensation
Tool presents an opportunity for firms to take that extra step towards
perfection.
The 2019 Total Compensation Tool is available at https://shop.
zweiggroup.com/products/2019-total-compensation-benchmarkingtool.

TYLER THOMPSON is Zweig Group research manager. He can be contacted at
research@zweiggroup.com.

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

Join us and experience more.

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

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