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More Than Just a Pretty Picture

© 2014 Bentley Systems, Incorporated. Bentley, the “B” Bentley logo, ProjectWise, and OpenRoads are either registered or unregistered trademarks or service marks of Bentley Systems, Incorporated or one of its direct or indirect wholly owned 
subsidiaries. Other brands and product names are trademarks of their respective owners.

Put the choice of the leading transportation agencies in the world to 
work for your organization. www.bentley.com/OnlyBentley

Finley leverages intelligent 3D Models  
from Design to Construction

Image courtesy of Touchstone Architecture

When FINLEY and the Community/Condotte/de Moya Joint Venture P3 team began work on the Palmetto  
Section 5 project, they quickly realized their experience in design-build would be an advantage. Using Bentley’s 
civil and bridge design solution, the ProjectWise-empowered team benefited from the rich information of  
intelligent 3D models at every stage of the project. FINLEY rapidly deployed the project team and empowered 
them to do their best work to make the project a huge success. The result was reduced design time, fewer 
costly errors in the field, and a better-built asset.
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From the publisher

MARK C. ZWEIG
mzweig@zweiggroup.com

The winners are…
This time of year is always exciting for me because it’s when we announce the winners of both our Zweig Group
Hot Firm competition as well as the Best Firms To Work For awards. It’s fun telling people that their fi rms have 
been recognized for doing something good!

Getting on the Hot Firm List is really an accomplishment. Only 100 fi rms make the list each year out of a potential 
population of 90,000 or 100,000 fi rms. Getting on the list means you are growing rapidly. Rapid growth is a sign 
the marketplace likes what you do. They wouldn’t be giving your fi rm more business than they give other fi rms if 
they didn’t think you were good. Everyone likes to be thought of as good!

Having your fi rm on the Best Firms To Work For list is also something of which to be really proud. Because it is 
based on employee ratings it tells you that you are doing a good job providing a rewarding and fulfi lling workplace. 
That is something every fi rm owner wants to do. It also helps the few fi rms that make it on the list recruit the talent 
they need. Experienced civil and structural engineers are in short supply and every job candidate has choices. Being 
a “Best Firm To Work For” hopefully makes that choice easier.

What’s also great about both of these awards is that every year we have a Hot Firm Conference and Awards 
Celebration to honor the winners. This year it is going to be held in Boston — the birthplace of our nation and our 
fi rm — on Sept. 3 and 4. 

I love being with this group of winners because they are winners and not whiners. The positive spirit, creativity, 
and energy of this group of people is really uplifting for all who attend. Plus, I bring my family along every year 
and we all get to see the sights as well as many old friends we’ve made through this event over the years. My 
oldest daughter, Christina, who writes for this publication and other Zweig Group publications and heads up our 
marketing and social media areas, practically grew up at this event!

We have a lot in our August issue. Besides the Hot Firm/Best Firms awards, there’s a special report — 10 lessons 
learned 10 years after Katrina — a special feature on online graduate programs that can be completed entirely or 
mostly online through distance learning; opportunities for service — our annual updated list of organizations that 
may offer opportunities for civil and structural engineers to apply their knowledge, skills, and experience in poor or 
developing areas around the world; and much, much more. 

Enjoy — and as always — when you’re done with this August issue, pass it along to someone else!

It’s time to celebrate the good 
work of Hot Firm and Best 
Firms To Work For winners.



Seismic and wind events pose serious threats to the structural 
integrity and safety of structures. Building structures with 
a continuous load path can mean the difference between 

withstanding these types of natural disasters – or not.

All wood-framed buildings need to be designed to resist 
shearwall overturning and roof-uplift forces. For one- and 
two-story structures, structural connectors (straps, hurricane ties 
and holdowns) have been the traditional answer. With the growth 
in light-frame, multi-story wood structures, however, rod systems 
have become an increasingly popular load-restraint solution.

Simpson Strong-Tie® Strong-Rod™ continuous rod tiedown 
systems are designed to restrain both lateral and uplift loads, 
while maintaining reasonable costs on material and labor. Our 
continuous rod tiedown systems include the Anchor 
Tiedown System for shearwall overturning restraint 
(Strong-Rod™ ATS) and the Uplift Restraint System 
for roofs (Strong-Rod™ URS).

Strong-Rod ATS for Overturning 

Strong-Rod ATS solutions address the many design 
factors that need to be considered to ensure proper 
performance against shearwall overturning, such as 
rod elongation, wood shrinkage, construction settling, 
shrinkage compensating device deflection, incremental  
loads, cumulative tension loads, and anchorage.

Strong-Rod URS for Uplift 

Strong-Rod URS solutions address the many design factors that 
need to be considered to ensure proper performance against roof 
uplift, such as rod elongation, wood shrinkage, rod-run spacing, 
wood top-plate design (connection to roof framing, reinforcement 
at splices, bending and rotation restraint), and anchorage.

Strong-Rod Systems have been extensively tested by engineers at 
our state-of-the-art, accredited labs. Our testing and expertise 
are crucial in providing customers with code-listed solutions. 
The Strong-Rod URS solution is code-listed in evaluation report 
ICC-ES ESR-1161 in accordance with AC391, while the take-up 
devices used in both the ATS and URS solutions are code-listed in 
evaluation report ICC-ES ESR-2320 in accordance with AC316.

Because no two buildings are alike, Simpson Strong-Tie offers 
many design methods using code-listed components and 

systems to help you meet your complex design challenges.

Let us help you optimize your designs. For more 
information about our Strong-Rod™  systems continuous 
 rod tiedown solutions or traditional connector solutions, 
 call (800) 999-5099 and download our new Strong-Rod™ 
Systems Design Guide at strongtie.com/srs.

Your Design Solutions for  
Light-Framed Multi-Story Construction

OPTIMIZE

© 2015 Simpson Strong-Tie Company Inc.  SR15
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ENGINEERING OUR FUTURE

Client service versus
project management
Getting buried in projects can be a threat to the overall growth and prosperity of your team or company,
even to your career. Certainly it is important to complete projects on time and within budget, but getting
overloaded to the point of making mistakes has big consequences.

I am seeing many firms that are busier than ever, even busier than pre-recession times. There is more work 
than people to do it and that means long hours for many technical professionals. Project management that
aims at thorough and efficient execution of the work is important. It is important, however, to not let that 
interfere with your ability to provide good client service.

I am talking about more than just delivering a project on time that makes a client happy. I am talking about
calling them and checking on how they think things are going, looking ahead by asking them what other
projects are coming up, and generally being ultra-responsive to all their needs and wants. 

When we get too project-centric, many of the above activities decrease or are eliminated altogether. Here are 
a few things to keep in mind as you find yourself with an excruciating project load:

• Be responsive all the time — Do not let your response time lag because of current workload. Always make sure
that if a current, future, or past client calls or emails you, you respond immediately upon seeing the call or email.
When we are busy, we can quickly forget and thus drop the ball.

• Give attention to all needs and wants — Realize that clients want more than just a project. They want a good
experience and a final product that makes them look good to others. A project that is on time and within budget is
a basic requirement for that. It is all the additional things you do that define and differentiate your service from that
of your competitors.

• Always have a recovery plan for lapses — We all make mistakes. It may be simply forgetting to return a phone
call or it could be bigger, like an omission on the plans. Regardless of the size and scope of the blunder, always own
up to it and do whatever it takes to make it right. Develop a plan on how to recover and visualize them happy in the
end rather than focusing on the initial negative reaction.

Keep client-centric and the 
project will always look better.

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



Built for the perfect storm.

©2015 Lane Enterprises

Learn more at lane-enterprises.com/StormKeeper

Precision Injection Molded | Unsurpassed Storage Capacity | 100+ Year Service Life | Engineer/CADD Support Available

The perfect storm meets the perfect solution with the new StormKeeper™ stormwater 
chamber. StormKeeper off ers maximum performance, storage effi  ciency and value in 
a smaller footprint that installs easily and meets and exceeds ASTM F2418.
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Firm thoughts

In a recent article, The Guardian, a Pulitzer Prize-winning, online newsletter from London, U.K., profiled 
Hugh Hunt, Ph.D., a senior lecturer in Cambridge University’s Engineering Department, about his receiving 
the Royal Academy of Engineering Rooke Award for public promotion of engineering. The first quote above 
was the headline of the article. The article continued: “Today I was thrilled to be announced as the recipient, 
… but I am concerned that engineering is hiding in plain sight.” (Read the complete article at http://www.
theguardian.com/technology/blog/2015/jun/18/engineers-unless-we-wave-our-arms-a-bit-well-never-
inspire-the-next-generation. 

Hunt was working on a documentary film when a major problem threatened to cancel the show. He analyzed 
the film and solved the problem. Filming continued and the director asked, “How were you so relaxed when 
we were convinced it was a disaster?”

Hunt replied, “I am an engineer, and problem-solving is in my DNA. Engineers simply relish a challenge, 
and the harder to solve, the better.

“Despite the fact that engineering has shaped our world, many people are unaware of its impact,” Hunt 
said. “So why don’t we celebrate it more? Well, too often, engineering hits the headlines only when there’s 
bad news — for example, the recent serious accident on a roller coaster. The reality is that engineering has 
countless positive stories to tell.”

Hunt concluded, “My plea is to those in government… to recognize the importance of public engagement, 
and for universities to find a way to support it. That way, the passionate ambassadors who already work in 
many faculties will be encouraged and supported to go out and spread the wonderful bug that is engineering.
It may be all around us, but if we don’t open the door, how will future engineers ever find us?”

To those of you who have read my prior columns, this is not a new theme. When the world has a disaster 
(Katrina, earthquakes, etc.) it is engineers who are first on the scene, analyzing, solving, repairing, rebuilding, 
and bringing order out of chaos. Maybe we should wave our arms a little more.

Arm-waving inspiration   

DAVID EVANS, P.E., PLS, F.ASCE, is the founder (1976) and a member of the board of David Evans Enterprises, Inc., the holding 
company for David Evans and Associates (www.deainc.com), and the author of “Achieving Zero,” a book on the life of the firm. 
He can be contacted at david.evans@zweiggroup.com. 

Tell engineering’s 
positive stories. 

“Engineers, unless we wave our arms a bit we’ll never inspire the 
next generation.” — Hugh Hunt, Ph.D., Cambridge University

“You are not famous until my mother has heard of you.” — Jay Leno

“I had a terrible education. I went to a school for emotionally 
disturbed teachers.” — Woody Allen



Large inventory of 
RoLanka products 

are available 
in Stockbridge, GA.

 

1-800-760-3215
155 Andrew Dr. Stockbridge, GA        www.rolanka.com

Quality products!     Excellent customer service!      Competitive pricing!

Easy to see the 

BioD SuperL
ogTM

The BioD-SuperLog is a hybrid of the coir log (BioD-Roll) and the coir block system (BioD-Block) with pre-drilled holes 

removing the plugs. The square shape BioD-SuperLog comes with male and female ends to facilitate strong connec-
tions between units. The standard size of it is 12”x12”x10’and special order sizes are 16”x12”x10’ and 20”x16”x10’.  

BioD-SuperLog    has many advantages over regular, circular coir logs
1. Structurally sound connection between units.
2. The square shaped cross section provides better contact area at the bottom.

BioD3. Versatile -SuperLog      can be oriented to insert live plant cuttings vertically or 
horizontally through it.

4. Gives an option to place filling material on its fabric when plant cuttings are insert 
horizontally. Placing fill on the fabric strengthens the anchoring of units. 

5. Unique removable coir plugs creates invisible holes in the BioD-SuperLog   .

Applications  

The versatile BioD-SuperLog     can be used in a variety of applications.

With unique invisible planting holes

TM

6. BioD-SuperLog    can be installed any time of the year and planting can be done later. 

TM

TM

TM

TM

Patent pending

Another innovative coir product 
from RoLanka, the leader in coir 

erosion and sediment control 
products

Another innovative coir product 
from RoLanka, the leader in coir 

erosion and sediment control 
products
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events

August

Federal Project Delivery Symposium
Aug. 18-20, 2015, Washington, D.C.
The Design-Build Institute of America and Society for American Military 
Engineers jointly hosted event will explore best practices and lessons 
learned, with perspectives provided from the federal agency/owner, 
designers, builders, and other members of the project delivery teams.
www.designbuildfederal.com

Build Business
Aug. 19-21, 2015, Los Angeles
The Society for Marketing Professional Services’ annual conference 
brings together AEC marketers, business developers, principals, and firm 
owners for keynote presentations, educational tracks, client panels, and
breakout sessions.
www.smpsbuildbusiness.org

APWA Congress
Aug. 30-Sept. 2, 2015, Phoenix
The American Public Works Association conference features more than 
400 exhibits of the newest equipment and technologies and more than 
125 education sessions covering the entire gamut of public works.
www.apwa.net/Congress 

IBTTA Annual Meeting
Aug. 30-Sept. 2, 2015, Dublin, Ireland
The International Bridge, Tunnel and Turnpike Association is the 
worldwide association representing toll facility owners and operators
and the businesses that serve them. The meeting offers presentations, 
workshops, and roundtable discussions in three tracks — Business, 
Mobility, and Technology — plus an exhibit hall and technical tours.
http://ibtta.org/events/83rd-annual-meeting-exhibition

SEPTEMBER

WHEN DISASTER STRIKES INSTITUTE
SEPT. 1-2, 2015, BILOXI, MISS.
Post-disaster assessment program recognized by the National Incident
Response System, providing expert training and materials to assist 
communities after a natural disaster. Helps prepare participants to
become an International Code Council certified Disaster Response 
Inspector.
www.iccsafe.org

GIS in Transit
Sept. 1-3, 2015, Washington, D.C.
Presented jointly by the National Center for Transit Research, Urban 
and Regional Information Systems Association, and the Transportation 
Research Board, this 9th national conference showcases how agencies 
of all sizes and budgets are managing GIS data and improving transit 
service.
www.urisa.org/education-events/gis-in-transit-conference

National Brownfields Training Conference
Sept. 2-4, 2015, Chicago
An EPA event to promote public-private partnerships to stimulate 
community revitalization and sustainable brownfields redevelopment.
www.brownfieldsconference.org 

Hot Firm and A/E Industry Awards Conference
Sept. 3-4, 2015, Boston
Conference agenda includes topics on technology, leadership challenges, 
business planning, marketing methods, recruiting and retention, and
growth strategies. An awards luncheon celebrates the Zweig Group 
2015 Marketing Excellence Award winners, and in a black-tie awards 
banquet and ceremony, awards will be presented to firms on the 2015 
Hot Firm List, the 2015 Best Firms To Work For ranking, and the Jerry
Allen Courage in Leadership Award winner.
https://zweiggroup.com/conference

30th Annual WateReuse Symposium
Sept. 13-16, 2015, Seattle
Learn about the latest innovations in water reuse and find solutions to 
critical water supply issues.
www.watereuse.org/symposium 

IHEEP 2015
Sept. 13-17, 2015, Pittsburgh
The International Highway Engineering Exchange Program (IHEEP)
brings together transportation engineers, officials, leaders, and industry 
representatives from various countries, states, counties, cities, and 
consulting firms, from North America and Europe. This year’s focus 
areas are 3D modeling, design/construction integration, and digital 
project delivery.
www.iheep2015.com

Dam Safety 2015
Sept. 13-17, 2015, New Orleans
Dam Safety 2015 is one of the leading conferences in the United States 
dedicated to dam and levee safety engineering and technology transfer. 
Conference includes technical sessions and workshops.
www.damsafety.org

EPA-USDA National Workshop on Water Quality Markets
Sept. 15-17, 2015, Lincoln, Neb.
Workshop highlights progress in water quality trading across the country 
with an emphasis on policy, resources, and tool development.
www.conservationfund.org/resources/courses-and-events/1036-epa-
usda-national-workshop-on-water-quality-markets 

Becoming a Better Project Manager
Sept. 16, 2015, Seattle
Sept. 17, 2015, San Jose, Calif.
Sept. 30, 2015, New York
This course provides a fundamental understanding and some specific 
tools that new and aspiring project managers can use to be more
effective.
https://zweiggroup.com/seminars/better_pm 
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Deck installed in 30 minutes

Includes wearing surface

®

AlumaBridge Advantages:
• Corrosion resistance

• Weight neutral to steel open grid decks

• Skid-resistant wearing surface

• Prefabricated panels for quick installation

• Environmentally friendly

DEMONSTRATION 
PROJECTS INVITED

Generation II AlumaBridge decking is now 
available. Time-proven technology delivers 
substantial savings in time and money.

For more information and must-see 
video go to www.alumabridge.com 

AlumaBridge Half Pg Ad_CSE.pdf   1   7/10/15   3:01 PM

Stormwater Congress
Sept. 26-30, 2015, Chicago
The 2015 Stormwater Congress is a specialized educational opportunity 
included in the WEFTEC 2015 program. More than 30 stormwater 
technical sessions and workshops include Regulations and policies; 
Flood impacts and mitigation; Benefits of green infrastructure; 
Stormwater and transportation systems; Operations and maintenance; 
Research in stormwater; Stormwater financing and funding strategies, 
and more.
www.weftec.org/stormwatercongress

WEFTEC
Sept. 26-30, 2015, Chicago
The Water Environment Federation’s Annual Technical Exhibition and 
Conference is the largest conference of its kind in North America. A 
wide range of topics and focus areas allow attendees to design their own
learning experience while earning up to 35 contact hours for continuing 
education units and 9 professional development hours.
www.weftec.org

ICC ANNUAL CONFERENCE
SEPT. 27-29, 2015, LONG BEACH, CALIF.
More than 20 educational opportunities to earn CEUs and LUs, 
certification testing, building tours, and a career planning workshop.
www.iccsafe.org/conference

INTRODUCTION TO STRUCTURAL DESIGN OF WOOD BUILDINGS
SEPT. 30-OCT. 2, 2015, BLACKsBURG, VA.
Course (15-hours, 1.5 CEUs) designed for individuals who didn't learn 
wood design basics in a university-level course but may want to become 
more involved in wood building design and construction.
www.cpe.vt.edu/sdwnds/index.html

OCTOBER

Commercial UAV Expo
Oct. 5-7, 2015, Las Vegas
Conference topics focus on use of unmanned aerial vehicles for 
surveying and mapping, civil infrastructure, mining, construction, 
and other applications. Learn how to integrate UAVs into operations, 
including training and safety.
www.expouav.com

Becoming a Better Seller
Oct. 8, 2015, Charlotte, N.C.
A one-day seminar specifically developed to help design and technical 
professionals in architecture, engineering, planning, and environmental 
firms become more comfortable dealing with clients and promoting the 
firm and its services.
https://zweiggroup.com/seminars/better_seller

Send information about upcoming conferences, seminars, 
and exhibitions relevant to civil and structural engineering 
to Bob Drake at bdrake@zweiggroup.com.
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Land Planning Case Study: 
Manhard Consulting Uses 
SITEOPS for Site Optimization

Director of Engineering
Manhard Consulting

Jon Rosenau
Customer Success Engineer
Bentley Systems, Inc.

Learn how Manhard Consulting ensures they develop balanced, cost-effective 
and technically sound plans for their retail, industrial, residential and 
educational clients. Manhard Consulting, an ENR Top 500 firm, is a full-service 
civil engineering and surveying firm that serves public and private clients 
nationwide. The land planners and engineers at Manhard use SITEOPS as the 
foundation to their site layout workflow. The firm depends on the software’s 
grading and 3D modeling tools to help produce optimized site plans based on 
grading plans, cut and fill estimates, and takeoff budgets. Using SITEOPS as 
their competitive advantage, Manhard combines site optimization with 
earthworks savings to create the best and most cost-effective design possible 
for their clients.  

Join this webcast to learn how to: 

Create conceptual site designs that evaluate millions of layout, grading, 
and drainage options within hours
Generate project budgets
Make smarter design decisions with site optioneering  
Use SITEOPS as your business development tool to acquire and keep 
clients
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For working professionals seeking to earn a master’s degree in civil 
engineering, structural engineering, or a related discipline, a growing
number of schools offer master’s degree programs that can be completed
entirely or mostly online through distance learning. Following are schools
with online accredited master’s degree programs.

Arizona State University
https://asuonline.asu.edu/online-degree-programs/graduate/master-
science-construction-management
• Master of Science, Construction Management

Auburn University
http://eng.auburn.edu/online/graduate-degrees/index.html
• Master of Civil Engineering

California State University, Fresno
www.fresnostate.edu/cge/water 
• Master of Science, Water Resource Management

Case Western Reserve University
http://online-engineering.case.edu/civil 
• Master of Science, Civil Engineering (structural engineering focus)

Colorado State University
www.online.colostate.edu/degrees/civil-engineering 
• Master of Science/Master of Engineering, Civil Engineering

Columbia University
www.cvn.columbia.edu 
• Master of Science, Civil Engineering, Construction Engineering &
Management, or Earth and Environmental Engineering

Delta State University
www.deltastate.edu/college-of-arts-and-sciences/biological-and-
physical-sciences/mas-git
• Master of Applied Science, Geospatial Information Technologies

Drexel University
www.drexel.com/online-degrees/masterdegrees.aspx 
• Master of Science, Construction or Project Management

Illinois Institute of Technology
http://iit.edu/iit_online/programs.shtml 
• Master of Environmental Engineering

Iowa State University
www.distance.iastate.edu/programs/degrees 
• Master of Engineering, Construction Engineering and Management

Kansas State University
www.dce.k-state.edu/engineering/masters/civil 
• Master of Science, Civil Engineering

Mississippi State University
www.bcoelearning.msstate.edu/academic-programs/civil-engineering 
• Master of Science, Civil Engineering

Missouri University of Science and Technology
http://futurestudents.mst.edu/degrees/graddistance/civileng 
• Master of Science, Civil Engineering

New Jersey Institute of Technology
http://online.njit.edu/programs/degrees/msce.php 
• Master of Science, Civil Engineering

North Carolina State University
http://distance.ncsu.edu/programs/master-programs.php 
• Master of Civil Engineering, Environmental Engineering, or Geospatial
Information Science & Technology

North Dakota State University
www.ndsu.edu/dce/degrees/graduate 
• Master of Construction Management or Transportation & Urban Systems
• Master of Science in Transportation & Urban Systems

Norwich University
http://civilengineering.norwich.edu 
• Master of Civil Engineering

Ohio University
www.ohio.edu/engineering/academics/online.cfm 
• Master of Science, Civil Engineering

Old Dominion University
http://dl.odu.edu/programs 
• Coastal Engineering Certificate Program

Pennsylvania State University
www.worldcampus.psu.edu
• Master of Geographic Information Systems, Professional Studies in
Geodesign, or Project Management

Salisbury University
www.salisbury.edu/msgism
• Master of Science, GIS Management

South Dakota School of Mines & Technology
www.sdsmt.edu/Academics/Departments/Civil-and-Environmental-
Engineering/Graduate-Education/Construction-Engineering-and-
Management-MS
• Master of Science, Construction Engineering and Management

Online 
graduate programs
A growing number of schools offer distance learning options for 
earning a master’s degree in civil and structural engineering.
By Bob Drake

on the rise
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Southern Methodist University
www.smu.edu/Lyle/Graduate/ProspectiveStudents/LOGinDistanceEd/Programs 
• Master of Science, Civil Engineering, Environmental Science, or 
Environmental Engineering
• Master of Arts, Sustainability & Development

Stanford University (Stanford Center for Professional Development)
http://scpd.stanford.edu/certificates/mastersDegrees.jsp 
• Master of Science, Civil and Environmental Engineering

Texas A&M University Corpus Christi
http://gisc.tamucc.edu/graduate/graduate.html 
• Master of Science, Geospatial Surveying Engineering

University of Alabama Birmingham
www.uab.edu/elearning/degrees-certificates/graduate/master-degrees 
• Master of Engineering, Civil Structural Engineering
• Master of Engineering, Construction Engineering Management

University of Central Florida
http://programs.online.ucf.edu/current/grad 
• Master of Science, Civil Engineering or Environmental Engineering

University of Colorado Denver
www.cuonline.edu/GIS 
• Master of Engineering, Geographic Information Systems

University of Dayton
www.udayton.edu/engineering/learn/graduate/engineering-
management-ms.php  
• Master of Science, Engineering Management

University of Florida
www.distance.ufl.edu/masters 
• Master of Science, Civil Engineering
• Master of Science/Engineering, Environmental Engineering Sciences
• Master of International Construction Management
• Master of Sustainable Design
• Master of Arts, Urban and Regional Planning

University of Idaho (Engineering Outreach Program)
www.uidaho.edu/cogs/academics/distancelearning/listofonlinedegrees 
http://eo.uidaho.edu 
• Master of Engineering, Civil Engineering
• Master of Science, Environmental Science or Geological Engineering 

University of Illinois
http://cee.illinois.edu/ceeonline 
• Master of Science, Civil Engineering

University of Louisville
http://louisville.edu/graduatecatalog/degree-programs/online-degree-
programs.html 
• Master of Science, Civil Engineering

University of Maryland
http://advancedengineering.umd.edu/programs/project-management 
• Master of Engineering, Project Management

University of South Carolina
http://sc.edu/study/colleges_schools/engineering_and_computing/study/
graduate_education/distance/index.php 
• Master of Science/Engineering, Civil and Environmental Engineering

University of Southern California
http://gapp.usc.edu/den/programs  
• Master of Construction Management
• Master of Science, Civil Engineering (Structural Engineering)
• Master of Science, Green Technologies

University of Tennessee-Knoxville
http://cee.utk.edu/gradprogram/distance-ed.php 
• Master of Science, Civil Engineering or Environmental Engineering

University of Texas Arlington
www.uta.edu/engineering/future-students/engineering-online/index.php  
• Master of Science, Civil Engineering

University of Washington
www.pce.uw.edu/online/masters-degrees 
• Master of Science, Civil Engineering: Construction Engineering
• Master of Geographic Information Systems: Sustainability Management
• Master of Infrastructure Planning and Management: Floodplain Management
• Master of Science, Construction Management
• Master of Sustainable Transportation

University of Wisconsin-Platteville
www.uwplatt.edu/disted/engineering.html 
• Master of Science, Engineering (Structural/Geotechnical Engineering)

Villanova University
http://www1.villanova.edu/villanova/engineering/grad/elearning.html 
• Master of Science, Civil Engineering, Sustainable Engineering, or Water 
Resources & Environmental Engineering

Virginia Tech
www.vto.vt.edu/?view=programs&show=masters 
• Master of Natural Resources
• Master of Science, Civil Engineering
• Master of Science, Environmental Sciences and Engineering
• Master of Urban and Regional Planning

Worcester Polytechnic Institute
http://cpe.wpi.edu/online/env-master.html 
• Master of Science, Construction Project Management
• Master of Science, Environmental Engineering

Do you know any colleges or universities not on this list that offer online 
master’s degree programs in civil engineering, structural engineering, or related 
disciplines? Please send the institution’s name and website address to BOB 
DRAKE at bdrake@zweiggroup.com.



18          cenews.com          AUGUST 2015

SPECIAL REPORT

Schooled by  
Katrina

10 lessons that have strengthened 
storm and flood resilience.

By Walter Baumy

Remember those teachers who pushed you really hard? It’s usually 
only in retrospect that you come to realize that they actually taught 
you something. The harsh lessons of Hurricane Katrina felt more like 
punishment, and 10 years have not diminished the pain suffered then. 
But with the perspective of time, we can now perceive a silver lining: The 
experience transformed the way we plan and engineer flood protection 
— and indications are that new ideas are working. By most measures,
the New Orleans delta region is more resilient and better prepared to 
withstand storms and floods than ever.

To make sure that such a disaster never happens again, engineers have 
gone to school on hurricanes, including Katrina. They have examined the 
ways storm surges form and grow in strength. This study has added to a 
more advanced body of knowledge on how to make coastal communities
more resilient for the future. Other regions looking for ways to design 
water management systems can also learn a lot from Katrina. While 

Hurricane Katrina made landfall in southeast Louisiana on Aug. 29, 2005 as 
a Category 3 hurricane with winds of 125 mph. Photo: National Oceanic and 

Atmospheric Administration
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few cities have geography quite like that in New Orleans, the very 
complexity of managing flood risk from ocean, river, lakes, and drainage 
canals makes the region a worthy study subject (Rogers, 2008).

New water-management strategies that emerged from the Katrina 
experience have made New Orleans more resilient, but their effects 
have reached much farther than the Crescent City. In fact, the hard 
lessons learned from the storm have influenced planners, engineers, 
policy makers, and federal agencies worldwide to rethink the ways they 
“protect” communities from storm surges, flooding, and hurricanes. 

Resiliency lessons learned from Katrina
Lesson 1: Get organized — In the wake of a disaster, coordinating help
and recovery can be a huge challenge. In response to the destruction
from Hurricane Katrina, leaders quickly realized that a more integrated 
approach to building resilience into the Louisiana coastline made more 

sense than many individual efforts. The State of Louisiana created a team 
to plan and manage rebuilding, restoration, and resilience. Together, they 
worked to align the goals of citizens, utilities, industry, communities, 
nonprofits, and state and federal entities, plus all the many academic and 
professional planners and advisory resources.

The Coastal Protection and Restoration Authority (CPRA) worked with 
citizens and experts to develop the 2012 Louisiana Coastal Master Plan. 
ARCADIS and the RAND Corporation provided expertise on storm surge 
and risk assessment to support coastal water management strategies.
The ideas, risk analysis, and planning that went into this planning 
created a unified, prioritized vision and set in motion construction of 
a comprehensive defensive infrastructure. After exploring hundreds of 
project ideas, the team identified the ones that offer the most benefit. 

Wisely, the state is thinking long term. Work is poised to begin on the

The $1.1 billion, 1.8-mile-long Inner Harbor Navigation Canal-Lake Borgne Surge Barrier is located at the confluence of 
the Gulf Intracoastal Waterway and the Mississippi River Gulf Outlet, about 12 miles east of downtown New Orleans. It 
is designed to reduce the risk associated with a 100-year storm surge. Photo: ARCADIS
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2017 Master Plan development, which builds on the ideas and data made 
available from subsequent storms such as Hurricane Isaac. 

Lesson 2: Redefine resilience — In the 21st Century, we pursue ways 
to mitigate the impact of storms across many criteria with the goal of
achieving a quick recovery, not just defense. Before Katrina, flood 
defense was all about structures such as levees and barriers. But, though
hard-engineered structures still play a critical role in defensive strategies, 
the enormity of superstorms such as Katrina and Rita brought home the 
fact that it may not be possible to create barriers against every eventuality.
The truth is, there’s no practical way to prevent flooding, but there are 
ways to reduce its destructive force.

Philosophically, the idea of resilient communities now looks beyond
infrastructure to a broader view that includes socioeconomic factors. One 
big lesson from these huge storms is that communities with social and
financial resilience recover faster than those with infrastructure alone. 

To advance resilience planning, the Rockefeller Foundation issued a 100 
Resilient Cities Challenge with funding for cities to add a chief resilience
officer (CRO). In November 2014, New Orleans named Jeff Hebert as 
the city’s CRO. He is already working to integrate planning and action 
to make New Orleans a more resilient city.

Lesson 3: Move fast — It can be difficult to move forward when so 
much planning still needs to be done, but building systems to be flexible 
and expandable will allow for priority projects to proceed so they can do 
their jobs as quickly as possible. After Katrina, the city faced so many 
equally important needs, it could easily have become overwhelmed.
But a key decision was made to move forward with the most critical
hurricane defense projects while broader planning continued.

The power of political will present in New Orleans and related federal 
agencies cannot be underestimated in rebuilding post-Katrina. The 
nation joined the engineering industry to align goals and move in one,
focused direction.

The result was that even though the rest of the region’s hurricane 
infrastructure was still being built in 2012 when Hurricane Isaac hit, 
enough of the system was ready and able to prevent widespread flooding. 
Fast-tracking system levees, floodwalls, critical flood gates, and pump 
stations put them in place in time to deploy during that storm.

Lesson 4: Make a model — Understanding clearly what happened 
during Katrina helps engineers develop better resilience strategies. Data 
from Katrina and other Gulf storms, such as Ike and Gustav, contributed 
to state-of-the-art computer models that recreate how wind, storm surges, 
and tides behave and interact. These computer models provide ways to 
study and analyze risk. Over time, each additional storm produces new 
data that continually improves understanding.

These models can be used to run scenarios to test ideas for infrastructure 
designs or determining flood hazards such as a 1 percent likelihood 
hurricane storm surge. They also allow us to look at a range of possible 
future conditions, accounting for sea level rise and subsidence variations.

Even better, these storm surge models are behind the new National 
Oceanic and Atmospheric Administration (NOAA) storm surge warnings 
to be issued for hurricanes tracking toward the Louisiana coastline in 
the 2015 hurricane season. Warning systems have to be both accurate 
and fast. The old models were accurate, but were not fast enough to 
make the thousands of calculations needed to forecast a storm surge alert
that people could act on. Harnessing the computing power of between 
250 and 1,000 supercomputer cores running simultaneously enabled 
Louisiana and several other southeastern U.S. states to be able to pilot a 
storm surge warning system this year.

Lesson 5: Use multiple lines of defense — There is no magic bullet 
for universal flood protection. Multiple elements can address different 
aspects of flood control, working in concert as conditions develop and 
adding flexibility to the whole system. In New Orleans, the principle of 
multiple lines of defense is a key component in the Hurricane and Storm 
Damage Risk Reduction System (HSDRRS), which includes wetlands 
restoration and new green infrastructure, in addition to hard-engineered 
structures and levees.

A holistic system enables all the parts to perform different but related
functions. For example, the West Closure Complex is a key part of the 
HSDRRS, helping to protect areas on the west bank of the Mississippi 
River. More importantly, this system helps prevent storm surges from 
overwhelming 26 miles of flood protection infrastructure along the 
Harvey (USACE, 2013) and Algiers (USACE, 2012) canals while 
evacuating interior rainfall from the protected areas.

System design starts with the perimeter you want to protect. Chances are, 
the system will work in multiple ways to prevent water from damaging
critical infrastructure and moving water out quickly. A flexible, resilient 
system can handle more types of flood events and will speed recovery. 

Lesson 6: Wetlands matter, so engineer with nature — Wetlands are
critical not only as hurricane and flood barriers but also as a unique place 
for fishing and recreation. Numbers vary, but estimates of the economic 
importance of Louisiana wetlands range from $1 billion from a 1997 
estimate, to another that states that the loss of these resources could cost
the nation $36.6 billion from lost public use value over the next 50 years 
(Restore or Retreat, 2012).   

Hurricanes Katrina and Rita washed away 217 square miles of coastal 
wetland in a month. Further erosion occurs at an estimated rate of a 
football field a day, resulting in more than 1.2 million acres of land lost 
since the 1930s (USACE-New Orleans District, 2015). As land is lost, 
saltwater incursions push farther inland, threatening the ecosystems that
depend on fresh water.

While it’s nearly impossible to restore what’s been lost, current 
restoration efforts are working to at least keep pace with the rate of land
loss. The key concept is to build with nature, not against it. New projects 
are diverting sediment from the Mississippi River to the delta and 
starting to stem the loss of wetlands. Sediment-rich fresh water from the 
river provides the delta with the mineral content necessary for wetlands
to build upon to keep up with subsidence and sea level rise. ARCADIS 
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recently helped the Army Corps design the White Ditch Freshwater 
and Sediment Diversion project to maximize delivery of valuable land-
building sediments from the Mississippi River to support marsh habitat. 

The Lower Barataria Sediment Diversion Project is an example of the 
State of Louisiana Coastal Protection and Restoration Authority’s larger, 
$50 billion program of coastal restoration and protection. Intended to 
rebuild the barrier islands, shoreline, and coastal marshes of Caminada
Headland and Shell Island, the program is designed to restore both habitat 
and the sustainability of the shoreline itself. An integral component of
the overall program, this project is expected to create 9,000 to 12,000 
acres of wetlands over a 50-year period.

Lesson 7: Pump it up — Since most of New Orleans is below sea level 

— like a vast bowl — barriers alone can’t do the job of keeping water 
out. Heavy rain and leakage can still create flood risk, especially in low-
lying areas of the city. Not only were the old pump stations not designed 
for Katrina’s rainfall and storm surge combination, in many cases, staff 
couldn’t remain onsite to operate them during the storm. Critical pump 
stations have been storm-proofed through the addition of redundant 
power supplies, hardening, and safe houses to protect workers during
emergency operations. Their improved ability to remove rainwater 
or surge combine with levee armoring to provide a higher degree of
resiliency and faster recovery.

In addition to the pump stations that have been repaired, upgraded, or
that are being added, the West Closure Pump Station, the world’s largest 
pump station, can pump nearly 20,000 cubic feet per second (cfs) of 

The West Closure Pump Station, the world’s largest pump station, can pump nearly 
20,000 cubic feet per second of floodwater from the Gulf over the closure barrier. 

Photo: ARCADIS
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floodwater from the Gulf over the closure barrier. This equates to a 
volume that would fill an Olympic-sized swimming pool in less than 21 
seconds, and staff can remain onsite safely.

Lesson 8: Support the economy — The water surrounding New 
Orleans is both a threat and an economic engine. According to Greater 
New Orleans Economic Development authorities, by tonnage, the 
Greater New Orleans region is part of the largest port system in the 
world and the highest volume shipping port in the Western Hemisphere. 
As such, the region’s waterways support commerce not just for the Gulf, 
but throughout the eastern half of the United States. 

Since blocking the flow of goods and commerce is not an option, all 
barriers meant to hold back floods also need to allow passage of shipping 

during the many months without a hurricane. Rather than build fixed 
barriers on the critical Industrial Canal and Gulf Intracoastal Waterway 
connecting Lake Pontchartrain, the Mississippi River, and Lake Borgne, 
planners built the Seabrook Sector Gate Complex to perform a dual role. 
When open, the three-story-high, steel-plated gates allow safe waterway 
navigation between Lake Pontchartrain and New Orleans’ Industrial 
Canal; however, when storms approach, the gates close, creating a 
continuous barrier blocking storm surges from the lake from entering 
the canal. Similarly, the Gulf Intracoastal Waterway - West Closure 
Complex includes a floodgate that opens for navigation on canals. 

Lesson 9: Boost ROI with sustainable stormwater and groundwater 
management — You can’t control hurricane flooding without addressing 
everyday stormwater and groundwater management. Low-lying New 

Critical pump stations have been storm-proofed through the addition of redundant power supplies, hardening, and safe houses to 
protect workers during emergency operations. Their improved ability to remove rainwater or surge combine with levee armoring to 
provide a higher degree of resiliency and faster recovery. Photo: ARCADIS
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Orleans experiences frequent rains that aren’t quite hurricanes, but that 
require regular stormwater management interventions. The Greater 
New Orleans Urban Water Plan (GNO, 2015) sought to integrate the 
traditional gray infrastructure of storm sewers and pipes with many
green infrastructure strategies. These build on existing stormwater 
infrastructure, but use more of the landscape to store stormwater longer
in retrofi tted canals, ponds, and bioretentive green spaces such as rain 
gardens and bioswales.

Funded by the Louisiana Offi ce of Community Development-Disaster 
Recovery Unit, the Urban Water Plan outlined the many ways stormwater 
management will benefi t the city. This analysis shows that hurricane 
infrastructure in the form of green stormwater management delivers
monetary value. The list of benefi ts includes $8 billion in repetitive 
fl ood costs over 50 years, a $2.2 billion reduction in reduced subsidence 
damage costs, $609 million in reduced fl ood insurance premiums, $183 
million in increased property values, and signifi cant economic impact in 
business and jobs.

The Sewerage and Water Board of New Orleans initiated a series of 
green infrastructure projects in 2014, including GIS analysis and needs 
assessment, multiple green infrastructure components, and volunteers to
monitor and analyze the effects of the green infrastructure on stormwater 
runoff (SWBNO, 2015).  

Lesson 10: Build for the future, not the last storm — This might be 
the biggest lesson of all from New Orleans. The next “Big One” may 

be bigger than any ever experienced. And sea level rise has changed the 
game for water management planning.

All of the modeling, planning, and risk assessment done after Katrina 
have informed projects around the world, and each storm experience 
builds on the last. In New York City, Hurricane Sandy woke up planners 
to the need to build to the 100-year level and beyond. As we learn more 
about sea level rise and subsidence, we also see how building to these
higher standards will help communities stay ahead of these changes.

We also learned from Katrina that resilience planning is not a one-and-
done proposition. Keeping this infrastructure relevant over time requires 
regular inspections and testing, coupled with an active maintenance
schedule to keep systems in a state of readiness. This process includes 
periodic reassessment of fl ood threats and identifying any changes to 
risk, coupled with a review of new technologies and advancements in
engineering that could be built into plans to improve overall risk reduction.
Levee safety programs form a framework for long-term assessments and 
readiness, and results should be shared to allow communities to maintain
an active role in risk management actions.

Much of post-Katrina planning in New Orleans and post-Sandy planning 
in New York have built on lessons learned in the Netherlands. But in 
many ways, knowledge has also fl owed from the U.S. to the Netherlands 
as the country continues to improve its fl ood protection system. The 
Dutch Dialogues (dutchdialogues.com) were launched after Katrina to 
share approaches to water management, landscape architecture, fl ood 
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protection, and urban design. Since then, these multi-disciplinary, cross-
cultural interactions inspired similar discussions in New York, Tampa 
Bay, San Francisco, Taipei, Taiwan, and Aruba.

Perhaps the biggest lesson mega-storms like Katrina teach us is humility. 
We can design fl ood protection for specifi c ranges of conditions and risks, 
but risk will always exist. It is especially important to keep reminding 
the public of this, particularly over long periods of non-fl ooding, when 
complacency is the enemy. We also need to remember that even if our 
systems work perfectly nine years in a row, that outlier is always a threat. 
Despite our engineering advances, there will be a time when evacuation 
is required.  

Like all infrastructure, water management is always a work in progress. 
Flexible designs allow for continued improvement without having to 
fund everything at once. New ideas will continue to come from all parts 
of the globe. And fortunately for many communities around the world, 
they, like New Orleans itself, will benefi t from the lessons learned from 
Katrina. 

WALTER BAUMY, national technical manager, ARCADIS, has developed special-
ized experience in fl ood risk management and is responsible for design and 
project delivery for water resource projects for ARCADIS clients. Previously, 
he worked more than 37 years with the U.S. Army Corps of Engineers, New 
Orleans District, most recently as chief, engineering division.

Copyright © 2011 StormTrap. StormTrap, SingleTrap  
and DoubleTrap are registered trademarks of StormTrap.  
U.S. Patent Numbers: 6,991,402 B2; 7,160,058 B2; 7,344,335

Earn PDH credits 
with StormTrap’s 
Stormwater 
lunch and Learn 
presentation 

Scan here to schedule

1-877-867-6872 
www.stormtrap.com

• Rogers, J.D., 2008, Development of the New Orleans Flood 
Protection System prior to Hurricane Katrina, Journal of 
Geotechnical and Geoenvironmental Engineering, May, p. 602-617.

• U.S. Army Corps of Engineers (USACE), 2013, Harvey Canal 
Floodwall factsheet, www.mvn.usace.army.mil/Portals/56/docs/
PAO/FactSheets/HarveyCanalFloodwall.pdf.

• USACE, 2012, Algiers Canal Risk Reduction Features factsheet, 
www.mvn.usace.army.mil/Portals/56/docs/PAO/FactSheets/
AlgiersCanalRiskReductionFeatures.pdf.

• Restore or Retreat, 2012, Coastal Erosion: Facts and Figures, www.
restoreorretreat.org/la_erosion_facts.php.

• USACE-New Orleans District, 2015, www.mvn.usace.army.mil/
About.aspx.

• Greater New Orleans, Inc. (GNO), 2015, Greater New Orleans Urban 
Water Plan, http://gnoinc.org/initiatives/the-greater-new-orleans-
water-plan.

• Sewerage and Water Board of New Orleans (SWBNO), 2015, Green 
Infrastructure, www.swbno.org/work_greeninfrastructure.asp. 

REFERENCES



26          cenews.com          AUGUST 2015

In late June, Zweig Group, publisher of Civil + Structural 
Engineer, announced its 2015 Hot Firm List, recognizing the 
100 fastest-growing architecture, engineering, planning, and 
environmental consulting fi rms in the United States and Canada 
from among the entrants, and the 2015 Best Firms To Work For 
Award, recognizing civil engineering, structural engineering, 
environmental, multidiscipline, and architecture fi rms in the U.S. 
and Canada based on their workplace practices, employee benefi ts, 
employee retention rates, and more.

Hot Firms are ranked according to their three-year growth rate in 
gross revenue, with 50 percent of the ranking based on percentage 
growth and 50 percent based on dollar growth (for the years 2011 and 
2014). The majority of revenue must be derived from architecture, 
engineering consulting, environmental or planning services. Revenue
in 2011 must have been greater than or equal to $1 million.

Following are the top 20 fi rms on the 2015 Zweig Group Hot Firm List: 

1. GATE, Inc.
2. LJA Engineering, Inc.
3. O’Neal, Inc.
4. Landpoint
5. JLG Architects
6. The Vertex Companies, Inc.
7. EN Engineering, LLC
8. Hargrove Engineers + Constructors
9. Westwood Professional Services
10. The Thrasher Group, Inc.
11. Bowman Consulting Group, Ltd.
12. Maser Consulting P.A.
13. IPS-Integrated Project Services, Inc.
14. TerraTherm, Inc.
15. Humphreys & Partners Architects, L.P.
16. WSB & Associates, Inc.
17. I+S Group, Inc
18. Langan Engineering & Environmental Services
19. BSB Design, Inc.
20. Apex Companies, LLC

Best Firms To Work For
Firms that applied to the Best Firms To Work For Award were evaluated 
on fi rm culture, workplace practices, employee benefi ts, employee 
retention rates, professional development, and more. A corporate
survey, answered from a management point of view, included
questions about fi rm organization and structure. An anonymous 
employee survey provided employees’ perspectives as part of the 
evaluation. For fi rms with 25 employees or more, a minimum of 25 
percent of a fi rm’s staff must have completed the employee survey. 
For fi rms with fewer than 25 employees, a minimum of 40 percent 
of the fi rm’s staff must have completed the employee survey. At least 
40 percent of 2014 fi scal year gross revenue must have been derived 
from a fi rm’s selected discipline category.

Following are the top-ranked fi rms in each category:

Civil Engineering
1. Choice One Engineering
2. Bowers + Kubota Consulting, Inc.
3. Comprehensive Environmental, Inc.

Structural Engineering
1. Huckabee
2. Mulhern & Kulp Structural Engineering Inc.
3. Hinman Consulting Engineers, Inc.

Multidiscipline
1. Bowers + Kubota Consulting, Inc.
2. Fitzemeyer & Tocci Associates, Inc.
3. Garver, LLC

Environmental
1. EHS Support, LLC
2. Comprehensive Environmental, Inc.
3. BrightFields, Inc.

Architecture
1. The Collaborative Inc
2. Randall-Paulson Architects, Inc.
3. Huckabee

View all 100 companies on the 2015 Zweig Group Hot 
Firm List at https://zweiggroup.com/awards/the-zweig-
letter-hot-fi rm-list/2015_winners.php. 

FIRMS IN FOCUS

View the full list of 2015 Best Firms To Work For Award 
winners at https://zweiggroup.com/awards/best-fi rms-to-
work-for/2015_winners.php. 

Celebrating 
success

2015 Hot Firm List and Best Firms To Work For Award 
recognize AEP industry achievements. 

By Bob Drake

Celebrate and learn with the 2015 Hot Firm List and Best Firms 
To Work For Award winners at the 2015 Hot Firm and A/E 
Industry Awards Conference, Sept. 3-4 in Boston. Conference 
topics include technology, leadership challenges, business 
planning, marketing methods, recruiting and retention, and 
growth strategies. Additionally, award winners will share the 
stories behind their success and a panel of Hot Firm/Best Firm 
winning CEOs will discuss “Five things we do that make us 
successful.” Learn more about the conference and register at 
https://zweiggroup.com/conference.
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Following is a list of non-profit organizations that may offer 
opportunities for civil and structural engineers to apply their
knowledge, skills, and experience in short- and long-term projects 
serving poor or developing areas around the world, or to support aid
efforts related to civil and structural engineering. The list provides 
basic information gleaned from each organization’s website. Those 
seeking service opportunities or desiring to support such activities
should contact the appropriate organizations directly for additional 
information.

ASCE Disaster Assistance Volunteer Program (http://ciasce.
asce.org/asce-disaster-assistance-volunteer-program) is an effort 
by the American Society of Civil Engineers’ Committee on Critical 
Infrastructure to develop a directory of members interested and
available to participate in disaster management activities (planning,
preparedness, response, and recovery) in the event of natural and 
man-made disasters requiring engineers for planning, damage 
assessment, and rebuilding efforts. The directory may be made 
available upon request to qualified parties including local, state, and 
federal agencies.

Bridges to Prosperity (www.bridgestoprosperity.org) teaches 
communities how to build footbridges over impassable rivers, in
partnership with organizations and professionals. State-of-the-art 
technologies are fused with local construction techniques to develop
locally appropriate bridge designs and material alternatives. Project
sites also are considered training grounds to help local communities
eliminate poverty caused by isolation from health care, education,
and market opportunities.

Bridging the Gap Africa (www.bridgingthegapafrica.org) works 
with marginalized groups in sub-Saharan Africa to build bridges that 
provide people with safe crossings of dangerous rivers, gullies, and
ravines that threaten their safety, limit their access to education and
health care, and restrict economic opportunity. Using materials that 
are accessible in Kenya, the organization works with community 
leaders to involve local men and women in gathering sand and rock
for the bridge footings and in raising their portion of the cost to build
their footbridge. Then, utilizing local labor and volunteers, Bridging 
the Gap Africa provides technical expertise and financial assistance 
to design and construct a safe and secure pedestrian footbridge.

Community Engineering Corps (www.communityengineeringcorps.
org), an alliance between ASCE, the American Water Works 
Association (AWWA) and Engineers Without Borders USA (EWB-
USA), uses the expertise of volunteer engineers to help underserved 
communities in the United States that do not have the resources 
to access engineering services meet their infrastructure needs and
improve each community member’s quality of life. 

El Porvenir (EP; www.elporvenir.org) assists people in rural 
communities in Nicaragua to improve their living standards through 
sustainable development in clean water, sanitation, health education,
and watershed management. EP has 25 years of experience helping 
rural Nicaraguan communities build appropriate technology (wells, 
latrines, community washing stations, and fuel-efficient stoves), as 
well as providing communities with the tools they need to manage
their water, sanitation, and forestry resources. Service groups spend 
the majority of their time (one to two weeks) working alongside 
villagers on sustainable development projects.

Engineering Ministries International (EMI; www.emiusa.org) is a 
Christian development organization that designs facilities that serve 
the poor in developing countries, including hospitals, orphanages,
schools, and clean water projects. To produce its designs, EMI blends 
its team of in-house project managers with volunteer architects, 
engineers, land surveyors, and construction managers recruited from
around the world. Volunteers donate their time and travel costs. Since 
1982, EMI has worked on more than 1,000 relief and development 
projects in more than 90 countries.

Engineers for a Sustainable World (ESW; www.eswusa.org) 
mobilizes students and professionals through education, technical 
projects, and collaborative action to impact local and global
sustainability challenges. Boasting 50 chapters, predominately 
at universities across North America, as well as a network of 
professionals interested in sustainability, ESW is involved in 
sustainability promotion and development activities on university
campuses and in projects across the world.

Engineers Without Borders (EWB; www.ewb-usa.org) partners 
with developing communities worldwide to improve their quality
of life. This partnership involves implementation of sustainable 

In 2015, a team of engineers from Buckland & Taylor partnered with Bridges to Prosperity 
and Kiewit’s Bridge & Marine District to construct a bridge in Rio Abajo, Nicaragua. The 

community’s original bridge was destroyed by Hurricane Mitch in 1998.

FIRMS IN FOCUS

Opportunities 
to serve

Organizations that can use engineering 
and design expertise and support.

By Bob Drake

www.communityengineeringcorps.org
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engineering projects while involving and training internationally 
responsible engineers and engineering students. EWB-USA, with 
more than 14,700 members, is involved in projects — including 
water, renewable energy, and sanitation — in 43 developing countries. 
These projects are completed in partnership with local communities 
and non-governmental organizations.

GISCorps (www.giscorps.org) is an Urban and Regional Information 
Systems Association program that coordinates short-term, volunteer-
based GIS services to underprivileged communities. GISCorps 
seeks to help improve life quality by supporting humanitarian relief, 
enhancing environmental analysis, encouraging/fostering economic 
development, supporting community planning and development, 
strengthening local capacity by adopting and using information 
technology, and supporting health- and education-related activities 
through the effective use of spatial information technologies.

Global Water (www.globalwater.org) is a volunteer-based, 
international humanitarian organization focused on providing 
safe water supplies, sanitation and hygiene facilities, and related 
health programs for rural villagers in developing countries. Global 
Water’s Rural Outreach Water Supply Program works with local, 
non-governmental organizations in a developing country to identify 
suitable water projects and to provide specialty water-related 
equipment, technical expertise, and partial funding. Global Water 
may assemble Water and Technical Emergency Response (WATER) 
Teams to perform project work during emergency events such as 
natural disasters.

Habitat for Humanity (www.habitat.org) is an ecumenical Christian 
ministry that seeks to eliminate poverty housing and homelessness 
and to make decent shelter a matter of conscience and action. The 
organization invites people of all backgrounds, races, and religions 
to build houses together in partnership with families in need. Habitat 
for Humanity works worldwide and has helped more than 5 million 
people construct, rehabilitate, or preserve homes since 1976. Its 
Disaster Response program also works with local communities to 
address a variety of housing needs after natural disasters.

International Code Council (ICC) Disaster Response Network 
(www.iccsafe.org/about-icc/safety/icc-disaster-response-network) 
provides building safety professionals an opportunity to volunteer 
to help affected jurisdictions with building damage assessment, 
building inspections, and other code-related functions following 
a disaster. ICC provides a list of volunteers upon request from an 
affected jurisdiction or its agencies or departments. Volunteers do 
not represent ICC and all matters related to services are arranged 
between the volunteer and the jurisdiction requesting help.

Lifewater International (www.lifewater.org) is a Christian 
development organization that works in Africa and Asia to eliminate 
water-borne disease and inadequate access to water. With a focus on 
sustainability, Lifewater helps communities gain safe water, adequate 
sanitation, effective hygiene, and the skills they need to pass on these 
resources to future generations. 

EPICS University (http://epicsnational.ecn.purdue.edu), founded at 

Purdue University in 1995, is a unique program in which teams of 
undergraduates from a variety of majors design, build, and deploy 
systems to solve engineering-based problems for local community 
service and education organizations. Projects are in four broad areas: 
human services, access and abilities, education and outreach, and 
the environment. Student teams are advised by faculty, staff, and 
engineers from local industry. Currently, there are 23 universities in 
the EPICS University program.

Operation Blessing International (OBI; www.ob.org) is dedicated 
to demonstrating God’s love by alleviating human need and suffering 
in the United States and around the world. One of the largest charities 
in America, OBI provides strategic relief in 37 countries on an 
ongoing basis through core programs such as disaster relief, health 
and medical care, hunger relief, vulnerable children and orphan 
care, safe water, and community development. Volunteers, including 
structural engineers, are a key component of OBI’s disaster relief 
efforts.

Pure Water for the World (www.purewaterfortheworld.org) 
provides sustainable safe drinking water filtration systems, latrines, 
and hygiene education to families and communities in developing 
countries. Pure Water is currently active in Honduras and Haiti. Its 
program includes educating people about what it takes to protect 
clean, safe drinking water so that it does not become contaminated 
and then implementing the purification method that best meets the 
needs of the people or community.

Water For People (www.waterforpeople.org) assists people in 
developing countries to improve quality of life by supporting 
development of locally sustainable drinking water resources, 
sanitation facilities, and hygiene education programs. Water 
For People has been designated by the American Water Works 
Association as its charity of choice and is endorsed by the Water 
Environment Federation, the Water Quality Association, the National 
Association of Water Companies, the National Association of Clean 
Water Agencies, the Association of Metropolitan Water Agencies, 
and other sectors of the North American water community, including 
manufacturing and consulting engineering companies. The World 
Water Corps is Water For People’s volunteer program. World Water 
Corps volunteers engage in activities such as mapping to provide 
baseline data for development, monitoring the functionality of past 
projects, and evaluating overall program effectiveness.

Water Missions International (WMI; www.watermissions.org) is 
a Christian engineering ministry providing sustainable safe water 
solutions to people in developing countries and disaster areas. WMI 
designs and customizes sustainable safe water and sanitation solutions 
to meet the needs of individual communities. It also partners with 
the recipient community throughout the process of implementing 
a project. Following installation and implementation, WMI staff 
monitor and evaluate the project and follow-up with the community 
to ensure projects’ sustainability and success.

Are you involved with or aware of other national or international organizations that 
offer service opportunities for civil and structural engineers? If so, please email a 
brief description of the organization to BOB DRAKE at bdrake@zweiggroup.com.
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AG5, a small architecture practice based in Copenhagen, Denmark, 
specializes in simple, sustainable design. “That’s our main focus,” said 
Brian Sheldon, partner at AG5. “And by using technology-enabled 
processes, we’re able to maintain a consistent approach throughout 
the design process, from conception to construction — and deliver a
unique design response to a project’s location and purpose.” 

The fi rm’s three partners and fi ve full-time employees collaborate 
with a diverse range of clients, from private to institutional and
governmental in Denmark and internationally. For AG5, design 
software is a means to an end: creating inspiring and sensory-
stimulating spaces that customers love.

“We employ BIM (building information modeling) at an expert level 
to ensure quality and precision in our work,” Sheldon said. “And we 
do this using Bentley’s AECOsim Building Designer.”

Employing federated data models
For AG5, one of the most important features of AECOsim Building 
Designer is its federated data model. “We can have one main data 
model for a given project and break it down into sub-models — for 
example, by fl oor, interior elements, exterior façade, steel framing, 
and so on — that different teams specialize in,” Sheldon said. 

All of these sub-models can be worked on independently by experts 
and then referenced into a master model, regardless of the project’s 
size or complexity. In this way, everything related to an AG5 design 
project can be stored in a single, federated model — including work
done by third parties using diverse design tools.

“One of the reasons we like Bentley software is its interoperability,” 
Sheldon said. “For example, when we started a project in Jakarta, 
Indonesia — the Gran Rubina, a 22-story offi ce building — we 
worked on it jointly with an Indonesian partner interested in learning
about Danish sustainability concepts and using BIM. There had been 
a lot of pre-work done before we even started the 3D modeling — a 
lot of analogue and 2D sketching on things like cores, elevators, and 
stairways, and even sketched-up 3D fi les.” 

The partner also had a large offi ce with nearly 50 production people 
working full-time on CAD drawings. AG5 knew it was unrealistic to 
expect them to start using Bentley software — and they didn’t want 

any of their work to go to waste. So AG5 referenced their partner’s 
third-party fi les into the federated 3D model within AECOsim 
Building Designer. Referencing enabled AG5 to bring everyone’s 
work together into a single, complete model for clash detection,
reporting, and other critical work.

“Bentley software allows us to reference those fi les into our 3D fi les,” 
Sheldon said. “They’re not directly used, but someone can continue 
to work in a 2D environment, and we can reference their work into 
our 3D environment and have everything up to date until we’re ready 
to take it over to a fully 3D environment.”

With all of the information for the Gran Rubina project synchronized 
and refl ected in a single, federated data model, AG5 was able to use it 
as the basis for reporting, dynamic views, sheets, and more.

“From a 3D model, we can take dynamic views — which are 2D views 
of the 3D model — and do further detailing of the design,” Sheldon 
said. “Or we can translate them to 2D format so collaborators using 
other tools can detail them. We have no problem bringing designs
into a 2D environment, if that makes sense from either a workfl ow or 
cost perspective.”

Equally important, AG5 can keep an on eye on the work completed 
by people doing the detailing.

“The referencing process is completely dynamic,” Sheldon said. “It’s 
a kind of live system that can maintain cross-references, which is 
important because there’s a lot of detailing going on. From there we go 
to sheets and scale drawings, where we mainly do dimensioning and
some other annotation, and then, of course, to issue documentation.”
Cross-referencing also ensures that as changes are made in fi les 
referenced into the 3D model, the 3D model itself is automatically 
updated. “Everything in the system is completely live, so if anyone 
updates one thing, it gets updated through the whole federated data
model,” Sheldon said. 

Equally important, AG5 can pull all three fi les — the 3D model, the 2D 
view of it, and the sheet — with ease. “These fi les are all hyperlinked, 

Means to a 
creative end
BIM optimizes workflows and increases 
productivity for a small firm.
By Patricia Pham

For AG5, design software is a means to an end: creating inspiring and sensory-
stimulating spaces that customers love. Image courtesy of AG5
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which enables us to navigate between them. And because AECOsim 
Building Designer knows which files are associated with any cut we 
make through a design, we can, for example, bring the annotation up 
into the 3D model if we want to,” Sheldon said.

Interoperability for faster collaboration
AG5 regularly leverages the interoperability supported by AECOsim 
Building Designer to facilitate better, faster collaboration — both 
internally and externally. For example, while working with a 
steel manufacturer on the structural model of a small school, AG5 
designers initially modeled the steel with input from their engineers.
Eventually, the steel manufacturer took over the responsibility of 
modeling the steel.

“They used our model as a basis. We simply exported our file to IFC, 
and they worked on it,” Sheldon said. “When it came back, we were 
able to pull their IFC model directly into our federated data model 
to perform a visual inspection and run clash detection testing. The 
steel manufacturer’s model became the basis for AG5’s sections and 
drawings.”

In another instance, AG5 entered a competition in New York for a 
residential steel tower. They had a collaboration already in place with 
Ramboll in London, so they chose to enter this competition together. 
But Ramboll’s designers were using a third-party parametric software. 

“Rather than trying to get them to use what we use, we set up a 
workflow to model the design using their parametric software and 
exported the file to Bentley software,” Sheldon said. “By exporting 
their BIM elements through a plug-in, they were recognized as BIM 
elements within Bentley, which was actually quite cool. The result 
was a good workflow going back and forth.” 

Generating reports, calculations, and simulations
AG5 also uses its BIM solution to generate valuable reports about 
projects. For example, in one instance they received a request from 
the builder manager who wanted some very basic information broken
down into different categories — information that was contained in
the project’s 3D model. 

“And they wanted the report in Excel, because that’s what they 
preferred to use,” Sheldon said. “I know a lot of people don’t 
necessarily think that Excel is BIM or part of the BIM process, but 
it’s what our client wanted, and we were able to deliver it. Because in 
BIM models, you get just a ton of data.” 

In this case, their stakeholder wanted space and area data, which
AG5 simply filtered from the 3D model and placed into an Excel 
spreadsheet that mimicked a template they provided.

AG5 can also use BIM to perform energy calculations and run 
simulations of projects. “For example, we once ran a solar exposure 
study over the course of a year,” Sheldon said. “It gave us clues into 
what the sun shading could look like based on how many hours of sun
the building’s façade got each day. 

“We use AECOsim Building Designer even when we are not required 
to because sometimes the geometry can be complex and [it] helps us to 
understand it. In addition to the energy calculations and simulations,
we also like the value of the 3D model for visualization and the 
reporting capabilities,” Sheldon said. “We use AECOsim Building 
Designer partially because of requirements and partially because we 
think it’s the best way to work.”

PATRICIA PHAM, manager, Applications Advantage, Building, Bentley Systems 
(www.bentley.com), leads the marketing strategy and positioning for Bentley’s 
building design and analysis products. She has more than 10 years of 
experience in marketing and business development for technology, digital 
marketing, and engineering companies.

The Gran Rubina, an office building in Jakarta, Indonesia, focuses heavily on 
sustainable design solutions, particularly social sustainability and low energy use. 

Image courtesy of AG5 and PDW

Energy calculations and simulations, in this case a full-year solar exposure study, 
provided clues on how sun shading could look based on how many hours of sun the 
façade received. Image courtesy of AG5
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Using a high-tech laser scanner and a drone, a University of Nebraska-
Lincoln civil engineering professor and his graduate students 
analyzed the wreckage after a tornado ripped through the town of 
Pilger, Neb., nearly a year ago. The tornado killed two people, injured 
20, and destroyed dozens of homes and buildings, including St. John 
Lutheran Church. The Wisner-Pilger Middle School building was 
damaged beyond repair.

Just days after the storm, Assistant Professor Richard Wood and 
graduate student Gulipiye Abudukadier made the fi rst of three trips 
to Pilger to study the damage. They were joined by doctoral student 
Ebrahim Mohammadi on the third visit. 

Their mission: Detect where engineering fell short, leaving key 
buildings vulnerable to the tornado’s punishing winds; and to develop 
computer algorithms for remotely detecting structural damage caused
by tornadoes, earthquakes, and other events.

“By doing this, we can examine the exterior of the structure, and in 
specifi c cases, its interior, from afar,” Wood said. “It provides safety 
to the inspectors and allows for an electronic collection of data for
use by others.”

Wood studied earthquake damage in California before joining UNL 
in 2013. His trip to Pilger was his fi rst foray into studying tornado 
damage.

Wood and his students examined six sites, the middle school most 
prominent among them. Using data collected from a LiDAR 3D 
scanner and photogrammetry from a camera-equipped tethered 
drone, they created a point-cloud model of the school building. The 
model, which appears as a 3D image of the school building that can 
be rotated to different angles on the screen, helped them identify how
the building was damaged by the storm.

Wood and his students used a camera-equipped drone to capture this image of the Pilger 
Middle School shortly after it was struck by a tornado in June 2014. The image looks 
southwest toward other parts of Pilger. Photo: Richard Wood/UNL Civil Engineering
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Data mining 
from disaster
University of Nebraska-Lincoln engineers study how 
Pilger, Neb., tornado destroyed buildings.
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A point cloud model of the Pilger Middle School was created from laser scans and 
photogrammetry. Image: Richard Wood/UNL Civil Engineering

Their soon-to-be completed report will be provided to the school 
district and posted to UNL’s Digital Commons, an open-access online 
repository of academic papers and similar materials.

“It is data mining,” Wood said. “We assemble millions of data points 
and look for changes in the surface geometry to detect damage. We’re 
statistically determining the potential quantity of damage, and the
whole point is to do it in terms of minutes, not hours.”

Some of their preliminary findings include the following:

• Unreinforced masonry appears particularly vulnerable to tornado
damage. The middle school, the Midwest Bank building, and the
Minnick Funeral Home all were damaged in this way.

“Though it’s very common here in the Midwest, unreinforced 
masonry does not hold up well to the lateral forces of a tornado,”
Wood said. “The masonry units are able to move independently and 
are very susceptible to collapse under lateral loads.”

Engineers are researching ways to retrofit masonry buildings to make 
them less susceptible to tornado damage, but have yet to find a cost-
effective solution, he said.

• Broken windows were the most common damage. Though broken
windows are unavoidable, using glass treated with a shatter-reducing
film could reduce the amount of damage they cause.

“The last thing you want is shards of glass everywhere — and it was 
everywhere in the school,” Wood said.

• Several buildings, including the school and St. John's Church, were
damaged after the rupture of steel anchors that connected them to
their substructure. The church was completely demolished, only its
bell tower left standing.

• Anchor and rivet failure also led to steel grain bins being ripped from
their foundations. A flying steel bin struck the school, collapsing its
southeast corner.

“The grain bins became aerial missiles, with a velocity of about 180 
miles per hour,” he said. “This is an extreme structural load that most 
buildings are not designed to resist.”

Doctoral student Ebrahim Mohammadi (left), assistant professor Richard Wood (center), 
and master’s student Gulipiye Abudukadier work with a LiDAR laser scanner outside the 

Pilger Middle School in July 2014. Photo: Megan Patent-Nygren/Nebraska LTAP

Information provided by the University of Nebraska–Lincoln (www.unl.edu).  
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New functionality 
with historic 

character
Design-build rehab preserves Arizona’s 

second oldest continuously occupied building.

The University of Arizona’s Old Main building in Tucson, Ariz., is the state’s second oldest 
continuously occupied building.

Sundt Construction, Inc. led the design-build team that won three 
awards for renovating the University of Arizona (UA) Old Main 
building in Tucson, Ariz. The rehabilitation project, which preserved 
Arizona’s second oldest continuously occupied building, received 
two awards from the Arizona Preservation Foundation and one from 
the Design-Build Institute of America Western Pacifi c Region (DBIA 
WPR).

COLUMNS PIPES & TUNNELS BEAMS & SLABS CELL TOWERS

BRIDGES BUILDINGS CHIMNEYS & TANKS PILES

INNOVATIVE FRP SOLUTIONS FOR STRUCTURAL 
REHABILITATION AND RETROFITTING

QuakeWrap® has spent over 20 years pioneering 
advanced construction technologies utilizing Fiber 
Reinforced Polymer (FRP) products. Our patented FRP 
products, such as our PipeMedic® and PileMedic® 
systems have been selected to rehabilitate and retrofi t 
infrastructures worldwide, with award-winning results.

(866) 782-5397  | QuakeWrap.com

COLUMNS PIPES & TUNNELS BEAMS & SLABS CELL TOWERS

BRIDGES BUILDINGS CHIMNEYS & TANKS PILES
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Information provided by Sundt Construction, Inc. (www.sundt.com).  

Originally built in 1891, Old Main is the oldest building on the 
UA campus. During World War II, when the U.S. Navy stepped 
in to save the building from demolition and used the space for
a training facility, Sundt was hired to repair the exterior and 
interior walls, replace the failing roof trusses, and make several
other updates. UA later reclaimed Old Main as a functional 
building and it housed ROTC and various student services 
since. In 1972, Old Main was listed on the National Register of 
Historic Places.

The recent $9.7 million project involved rehabilitating 
deteriorated building elements to extend the building’s life 
and to restore the second fl oor interior to its original character 
while accommodating new functional uses. The work included 
stabilizing the perimeter stone wall, resolving subterranean 
water infi ltration, reinforcing the brick columns and chimneys, 
reconstructing the second fl oor porch, upgrading and leveling 
the second fl oor structure, replacing metal roof shingles, and 
rebuilding the second fl oor interior for use as the offi ce of the 
university president.

Other features included safety upgrades, installation of a new 
mechanical system, and replacement of the plumbing, lighting,
and electrical systems. The rehabilitation, which began in early 
2013 and fi nished during the summer of 2014, is expected to 
earn LEED Silver Certifi cation.

The Arizona Preservation Foundation, in collaboration with the Arizona 
State Historic Preservation Offi ce/Arizona State Parks, chose Old Main 
from among nine Heritage Preservation Honor Award winners to receive 
the 2015 Grand Award. The awards recognize people, organizations, and 
projects that represent outstanding achievements in preserving Arizona’s 
prehistoric and historic resources.

“Both awards further confi rm our success in preserving one of Arizona’s 
oldest and most iconic buildings,” said Sundt Project Director Kurt 
Wadlington. “Our team worked cohesively with the architects at Poster 
Frost Mirto to maintain the building’s unique character and history while 
upgrading the facility for safety and effi cient use.”

 Old Main also received the Award of Merit in the 2015 DBIA WPR Annual 
Design-Build Awards Competition. The design-build team, led by Sundt, 
received the honor not only for delivering the project on a fast-tracked 
schedule, but also for determining the necessary scope of rehabilitation and
delivering solutions that preserved the historical integrity of the building.

“This award belongs to the entire design-build team, including the 
subcontractors, who brought with them critical expertise in landmark 
building that ultimately led to the success of the project,” said Sundt Senior 
Project Manager Fred Briscoe. “Because of the hard work and effort put 
into this rehabilitation, Old Main will remain the centerpiece for the UA 
campus for many years to come.”

Learn more at  www.mmfx.com 
Call us (866) 466-7878

ChromX steels provide high strength with varying 
levels of corrosion resistance. 

HIGH STRENGTH AND CORROSION RESISTANT
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In June, the Environmental Protection Agency (EPA) released a draft 
assessment on the potential impacts of hydraulic fracturing activities on
drinking water resources in the United States. The assessment, done at the 
request of Congress, shows that while hydraulic fracturing activities in
the U.S. are carried out in a way that have not led to widespread, systemic 
impacts on drinking water resources, there are potential vulnerabilities
in the water life cycle that could impact drinking water. The assessment 
follows the water used for hydraulic fracturing (see “Water demand 
detailed,” page 38) from water acquisition, chemical mixing at the well 
pad site, well injection of fracking fl uids, the collection of hydraulic 
fracturing wastewater (including fl owback and produced water), and 
wastewater treatment and disposal.

“EPA’s draft assessment will give state regulators, tribes, and local 
communities and industry around the country a critical resource to
identify how best to protect public health and their drinking water
resources,” said Thomas A. Burke, Ph.D., EPA’s science advisor 
and deputy assistant administrator of EPA’s Offi ce of Research and 
Development. “It is the most complete compilation of scientifi c data 
to date, including over 950 sources of information, published papers, 
numerous technical reports, information from stakeholders, and peer-
reviewed EPA scientifi c reports.”

According to the EPA, its review of available data sources found specifi c 
instances where well integrity and wastewater management related
to hydraulic fracturing activities impacted drinking water resources,
but they were small compared with the large number of hydraulically
fractured wells across the country. The report provides information about 
potential vulnerabilities — some of which are not unique to hydraulic
fracturing — to drinking water resources, but was not designed to be a
list of documented impacts.

These vulnerabilities to drinking water resources include:
• water withdrawals in areas with low water availability;
• hydraulic fracturing conducted directly into formations containing drinking

water resources;
• inadequately cased or cemented wells resulting in below-ground

migration of gases and liquids;
• inadequately treated wastewater discharged into drinking water

resources; and
• spills of hydraulic fl uids and hydraulic fracturing wastewater, including

fl owback and produced water.

The EPA also released nine peer-reviewed EPA scientifi c reports. These 
reports were a part of EPA’s overall hydraulic fracturing drinking water 
study and contributed to the fi ndings outlined in the draft assessment. 
More than 20 peer-reviewed articles or reports were published as part 
of this study.

States play a primary role in regulating most natural gas and oil 
development. EPA’s authority is limited by statutory or regulatory 
exemptions under the Clean Water Act, Safe Drinking Water Act, the 
Comprehensive Environmental Response, Compensation and Liability 
Act, and the Resource Conservation and Recovery Act. Where EPA’s 
exemptions exist, states may have authority to regulate unconventional 
oil and gas extraction activities under their own state laws.

Environmental and industry response
In a press release issued in response to the EPA report, Amy Mall, 
senior policy analyst in the Land and Wildlife Program at the Natural 
Resources Defense Council (NRDC), said, “This draft study provides 
solid scientifi c analysis that fracking has contaminated drinking water 
around the country. The report, while limited, shows fracking can and 
has impacted drinking water sources in many different ways. We agree
that the public needs better protections.

“There are still signifi cant gaps in the scientifi c understanding of 
fracking,” she said. “This study is site-specifi c and limited, as EPA has 
explained, which makes it impossible to fully understand all the risks at 
this time.

Hydraulic fracturing 
impacts
EPA releases draft assessment on potential 
impacts to drinking water resources.

           Energy/Mining
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“This draft study is missing some critical elements, hamstringing its 
comprehensiveness. Among other things, there are reports industry has
not cooperated in providing important information. And fi eld studies 
of start-to-fi nish impacts never made it in. Much more science will be 
necessary to fully understand all of the risks. But despite the holes, it is
clear EPA has found impacts — they just cannot be sure how widespread 
those impacts are.”

However, in the view of the American Petroleum Institute (API), the 
draft report confi rms that hydraulic fracturing has not led to widespread, 
systemic impacts on drinking water resources, which it attributes to the
safety and effectiveness of state and federal regulations, and current
industry practices.

“After more than fi ve years and millions of dollars, the evidence gathered 
by EPA confi rms what the agency has already acknowledged and what 
the oil and gas industry has known,” said API Upstream Group Director 
Erik Milito. “Hydraulic fracturing is being done safely under the strong 
environmental stewardship of state regulators and industry best practices.”

API said that from 2009 to 2013, while the EPA was conducting this 
study, state agencies fi nalized an estimated 82 groundwater-related rules 
for oil and gas production, including hundreds of discrete rule changes,
according to the Ground Water Protection Council (www.gwpc.org).   

“Continuous safety improvements have been an ongoing part of hydraulic 
fracturing for 65 years,” Milito said. “That process will continue, with 
our support, under the oversight of state regulators who are most familiar
with their own area’s unique geology, hydrology, and other physical 
characteristics.

“Hydraulic fracturing has been used safely in over a million wells, 
resulting in America’s rise as a global energy superpower, growth in 
energy investments, wages, and new jobs,” he said. “Surging production 
of natural gas is a major reason U.S. carbon emissions are near 20-year 
lows. Remaining questions cited by EPA have all been addressed by a 
wide array of strong state regulations, industry standards, and federal
laws.”

The EPA study will be fi nalized after review by the Science Advisory 
Board and public review and comment.

Information provided by the U.S. Environmental Protection Agency (www.epa.
gov), the Natural Resources Defense Council (www.nrdc.org), and the American 
Petroleum Institute (www.api.org). 

Download a copy of the EPA draft assessment at www.epa.gov/
hfstudy and access peer-reviewed reports at www2.epa.gov/hfstudy/
published-scientifi c-papers.  
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The amount of water required to hydraulically fracture oil and gas
wells varies widely across the country, according to the fi rst national-
scale analysis and map of hydraulic fracturing water usage detailed
in a new U.S. Geological Survey (USGS) study. Research found that 
water volumes for hydraulic fracturing averaged within watersheds
across the United States range from as little as 2,600 gallons to as 
much as 9.7 million gallons per well (Figure 1).

“One of the most important things we found was that the amount 
of water used per well varies quite a bit, even within a single oil
and gas basin,” said USGS scientist Tanya Gallegos, the study’s lead 
author. “This is important for land and resource managers, because a 
better understanding of the volumes of water injected for hydraulic
fracturing could be a key to understanding the potential for some
environmental impacts.”

From 2000 to 2014, median annual water volume estimates for 
hydraulic fracturing in horizontal wells had increased from about 
177,000 gallons per oil and gas well to more than 4 million gallons 
per oil well and 5.1 million gallons per gas well. Meanwhile, median 
water use in vertical and directional wells remained below 671,000 
gallons per well. For comparison, an Olympic-sized swimming pool 
holds about 660,000 gallons. In 52 out of the 57 watersheds with 
the highest average water use for hydraulic fracturing, more than 90 
percent of the wells were horizontally drilled (Figure 2).

Nevertheless, although there has been an increase in the number 
of horizontal wells drilled since 2008, about 42 percent of new, 
hydraulically fractured oil and gas wells completed in 2014 were still 
either vertical or directional. The ubiquity of the lower-water-use 
vertical and directional wells explains, in part, why the amount of 
water used per well is so variable across the United States.

The watersheds where the most water was used to hydraulically 
fracture wells on average coincided with parts of the following shale
formations:
• Eagle Ford (within watersheds located mainly in Texas)
• Haynesville-Bossier (within watersheds located mainly in Texas and

Louisiana)
• Barnett (within watersheds located mainly in Texas)
• Fayetteville (within watersheds located in Arkansas)
• Woodford (within watersheds located mainly in Oklahoma)

Water demand 
detailed
USGS releases first nationwide map of water 
used for hydraulic fracturing.
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Figure 1: Average water use in hydraulic fracturing per oil and gas well in watersheds 
across the United States. Image: U.S. Geological Survey

Figure 2: Percentage of oil and gas wells that use horizontal drilling in watersheds 
across the United States. Image: U.S. Geological Survey

Information provided by the U.S. Geological Survey 
(www.usgs.gov).  

Find more information about this study and the 
USGS Energy Resources Program at http://
energy.usgs.gov/default.aspx. 

• Tuscaloosa (within watersheds located in
Louisiana and Mississippi)

• Marcellus and Utica (within watersheds located
in parts of Ohio, Pennsylvania, West Virginia, and
southern New York)

Shale gas reservoirs are often hydraulically 
fractured using slick water, a fl uid type that 
requires a lot of water. In contrast, tight oil
formations like the Bakken (in parts of Montana 
and North Dakota) often use gel-based hydraulic 
fracturing treatment fl uids, which generally 
contain lower amounts of water.

This research was carried out as part of a larger 
effort by the USGS to understand the resource 
requirements and potential environmental impacts
of unconventional oil and gas development.
Prior publications include historical trends in the
use of hydraulic fracturing from 1947-2010, as 
well as the chemistry of produced waters from
hydraulically fractured wells.
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Environment

The federal government, through the Environmental Protection Agency 
(EPA) and the U.S. Army Corps of Engineers (Corps), is on the cusp of 
taking control of virtually all waters throughout the country. The EPA and 
the Corps, collectively known as the Agencies, published their fi nal rule 
defi ning “waters of the United States” on June 29, 2015. 

Nicknamed the Clean Water Rule, it becomes effective on Aug. 28, 2015. 
The Agencies repeatedly asserted in their 197-page preamble to the eight-

page document that “the scope of jurisdiction is narrower than that under 
the existing regulations.” 

Suffi ce it to say that the vast majority of the regulated community 
disagrees with the EPA’s assertion. At least 22 states have fi led lawsuits 
and a number of industry groups, including the National Association of 
Home Builders, the American Farm Bureau, and the U.S. Chamber of 
Commerce, have announced their intentions to do so. The states argue 
that the rule interferes with state sovereign powers, and industry groups
contend the rule far exceeds federal authority by over-imposing federal 
Clean Water Act jurisdiction.

The Clean Water Act’s jurisdiction relates to “navigable waters,” which 
is defi ned by Congress only as “waters of the United States or the 
territorial seas.” This vague defi nition has created substantial confusion 
to stakeholders. A number of U.S. Supreme Court cases attempted to 

Water war
New definition of ©waters of the U.S.© draws battle lines 
between federal and state governments.
By William L. Penny, J.D.
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provide clarification, but ensuing regulatory guidance from the 
Agencies just seemed to muddy the water more.

So the Agencies decided to do two things: first, they decided that 
their definition of waters of the United States should be a duly 
promulgated federal rule; and second, they hoped to clear up any
confusion by deeming just about anything that is wet as waters of
the United States. 

The rule will affect many industries, including construction, 
agriculture, energy development and transmission, transportation,
and housing.

The expansion creates legal as well as practical concerns. For 
example, a developer will now be required to obtain permits for 
unavoidable impacts to some tributaries that previously were
non-jurisdictional. Not only is the process time consuming, but 
mitigation can be expensive. 

During construction, most state and local stormwater requirements 
have a no contact buffer zone of as much as 60 feet from top of 
bank. The expanded definition will require designs to incorporate 
the buffer, reducing the amount of land used for development.
Similarly, the expanded term of neighboring in adjacent wetlands
can make some development completely off limits. If that were
not enough, a wetland or a ditch, not otherwise excluded, located 
within 4,000 feet of a previously unregulated tributary, would 
also have to be accounted for and evaluated. Finally, during 
construction, if the contractor impacts one of these features
without proper permitting, he or she is subject to substantial civil
and criminal penalties.

A substantial disconnect exists between the Agencies’ position 
that the rule reduces the scope of Clean Water Act jurisdiction,
and states’ and industry’s position that the rule is a jurisdictional 
power grab by the federal government.

Two significant points of concern for industry include the 
expansive definition of a the term tributary in the rule, as well
as the broad reach of waters that are considered adjacent under
the rule and subject to Clean Water Act jurisdiction. The new 
definition of tributary includes any waterbody, whether natural or
manmade, that: 
• has a bed and bank and ordinary high water mark, and
• contributes flow either directly or indirectly to a per se jurisdictional

water.

As to adjacent waters, the U.S. Chamber of Commerce recently 
commented that “under this new definition, bodies of water or 
wetlands over three-quarters of a mile from a navigable water 
could fall under federal jurisdiction if the federal government
decides that it significantly affects another body of water.”

Lost in the lengthy preamble to the rule is the lack of clear 

discussion about the limits of Congress’ authority to regulate waters under the 
Commerce Clause of the United States Constitution. 

In Solid Waste Agency of Northern Cook County v. United States Army Corps
of Eng’rs, 531 U.S. 159 (2001), the Supreme Court refused to give deference to 
the Corps’ interpretation concerning regulation of intrastate waters based on the 
presence of migratory birds. According to the court “[w]here an administrative 
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WILLIAM L. PENNY, J.D., is a partner and environmental lawyer with Burr & 
Forman (www.burr.com) in Nashville, Tenn. His practice covers a wide range 
of environmental law at the state and federal levels, including natural resource 
law, mining, remediation, negotiation with regulatory agencies in environmental 
matters, superfund litigation, RCRA matters, brownfi eld development, wetlands, 
water quality, radiological waste and compliance, and air pollution control. 
Penny can be contacted at 615-724-3213 or bpenny@burr.com.

interpretation of a statute invokes the outer limits of Congress’ power, 
we expect a clear indication that Congress intended that result.” 531 U.S. 
159, 172. 

In the preamble to the rule, the Agencies lifted terms like signifi cant 
nexus from the Supreme Court cases to justify their authority. However, 
their interpretation of that term simply assumes that their interpretation
does not fall within the outer limits of Congress’ authority. The Agencies 
relied on the EPA’s Connectivity Study as their technical basis for 
determining that tributaries (beds, banks, and ordinary high water marks) 
always have a signifi cant nexus to traditional navigable waters. 

This reliance on signifi cant nexus was lifted from Justice Kennedy’s 
opinion in Rapanos v. United States, 547 U.S. 715 (2006). Streams with 
a signifi cant nexus described by Justice Kennedy are “other similarly 
situated waters in the region ‘that’ signifi cantly affects the chemical, 
physical, or biological integrity of a [traditional navigable water].” 
However, for an effect to be signifi cant, “it must be more than speculative 
or insubstantial.”

The rule’s one-size-fi ts-all defi nition of tributary assumes all tributaries 
are similarly situated, and that all tributaries are more than speculative or
insubstantial. This conclusion is understandable, since the Agencies have 
acknowledged that the scientifi c defi nition of words like speculative
or insubstantial is not the same as the legal meaning. The Agencies’ 
interpretation arguably invokes the outer limits of Congress’ power.

One day after the rule was published, two separate lawsuits were fi led. 
In what might be considered a battle of the states versus the federal

government, 22 states claim that the fi nal rule usurps their rights. 

In the fi rst case, Georgia, et al. v. McCarthy, nine states, including all
but two Region IV states, are plaintiffs. Claiming the rule infringes on 
state sovereignty, these states are asking the U.S. District Court for the 
Southern District of Georgia to vacate the rule. 

To get a fl avor of the case, one of the allegations in the Georgia lawsuit 
states that a federal jurisdictional fi nding “places signifi cant burdens 
upon homeowners, business owners, and farmers by forcing them to
obtain costly federal permits in order to continue to conduct activities
on their lands…”

The second case, North Dakota, et al. v. EPA, includes 13 states. Two of 
the states do not have delegated National Pollutant Discharge Elimination 
System (NPDES) permitting authority under Section 402 of the Clean 
Water Act. They allege, among other things, that the Agencies failed to 
meaningfully consult with the states and the rule will place a burden on
those states by requiring much more permitting.

One of the allegations states that the fi nal rule will harm states “in their 
capacity as owners and regulators of the waters and lands within their
respective boundaries.”

While states have been parties to other environmental lawsuits challenging
the federal government, these cases are somewhat unprecedented in the
appeal for state’s rights and the 10th Amendment. The battle lines are 
now drawn by 22 states. Based on comments to the proposed rule, it is 
clear that a number of other states are with them in spirit. Of course, it 
is expected that industry groups will also challenge the rule, but these 
cases highlight what many states believe is an erosion of the concept of
cooperative federalism.

Further review and analysis of the Clean Water Rule will be necessary 
before a full understanding of the impacts can be stated. However, at 
this point, the construction industry will likely agree with the Agencies’ 
position that the rule makes it easier to identify protected waters. This 
is so because the rule now claims per se federal jurisdiction over a huge
number of waters that would have previously required a case-by-case 
demonstration of how a remote watercourse was connected or had a
signifi cant nexus to a jurisdictional water. Unfortunately, even if certainty 
exists under the new rule, the actual cost and burden for regulated 
industry to comply with the rule has not been adequately addressed.

In conclusion, expect additional litigation as well as potential 
Congressional legislation regarding the rule. The rule has already 
received much political scrutiny, and as such, a Congressional fi x may 
occur as legal challenges are prepared and fi led in the courts.
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The American Wood Council (AWC) released a series of updated Guides 
to Wood Construction in High Wind Areas. The guides, based on pro-
visions contained in AWC’s 2012 Wood Frame Construction Manual 
(WFCM), establish a specifi c set of prescriptive, wind-resistive structur-
al requirements for wood-frame buildings of sizes and shapes specifi ed 
in the Applicability section of each. The provisions of the guides, de-
veloped specifi cally for builders, are directed toward ensuring structural 
integrity for resisting wind loads.

The 2012 WFCM is the referenced document for high-wind wood-frame 
construction in the International Building Code (IBC). Use of the high-
wind provisions of these WFCM Guides therefore results in design solu-
tions that prescriptively meet the requirements of the WFCM, Interna-
tional Residential Code (IRC), and IBC, where applicable.

“While wind load requirements may vary from jurisdiction to jurisdic-
tion, national standards recognize that wood buildings can be designed 
to effectively resist these forces,” AWC Vice President of Engineering 
Bradford Douglas said. “About half of the states in the United States 
have adopted the 2012 IRC, which means the 2012 WFCM and these 
guides are accepted in those states.”

Separate documents address wind design requirements for 115-mph, 
120-mph, 130-mph, 140-mph, 150-mph, and 160-mph (Exposures B 
and C) wind zones. Areas vulnerable to hurricanes include the U.S. At-
lantic and Gulf of Mexico coasts where basic design wind speeds are 
greater than 115 mph.

The 2012 Guides are comparable to earlier versions based on the 2001 
WFCM, which have been widely distributed and used along the Atlantic 
and Gulf Coasts. However, wind load provisions changed in the build-
ing-code-referenced 2010 edition of Minimum Design Loads for Build-
ings and Other Structures (ASCE/SEI 7-10) and the 2012 WFCM has 
incorporated those changes.

RESISTING 
the wind
American Wood Council releases Guides 
to Wood Construction in High Wind Areas.

Information provided by the American Wood Council (www.awc.org).  
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Updated Guides to Wood Construction in High Wind Areas establish a specifi c set of 
prescriptive, wind-resistive structural requirements for wood-frame buildings.

The American Wood Council’s updated Guides to Wood Construction 
in High Wind Areas are available at www.awc.org/standards/
wfcm/2012.php.

www.awc.org/standards/wfcm/2012.php
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With an eye toward addressing the risk of future
earthquakes, Los Angeles Mayor Eric Garcetti 
recently adopted a plan to mitigate potential
earthquake damage through mandatory
upgrades of seismically vulnerable buildings.
The plan, which will need to be approved by 
the city council, places particular emphasis on
the city's vulnerable building infrastructure.

With respect to soft-story wood-framed 
buildings built before 1980, the plan would 
require seismic retrofi ts to be performed 
within fi ve years. Non-ductile reinforced 
concrete buildings built before 1980 are also 
targeted because of their brittleness. For 
these buildings, owners would have a total
of 30 years to comply: fi ve to evaluate and 
an additional 25 to retrofi t. Mayor Garcetti’s 
plan, known as Resilience by Design, would 
be somewhat similar to existing seismic 
retrofi t ordinances already in place in other 
California cities, including San Francisco, 
Santa Monica, and Fremont.

The overarching goals of these programs 
appear to be geared toward improving life
safety, earthquake response and recovery
efforts, and protecting the economy. In a
soft-story wood-framed building, large open 
sections on the fi rst fl oor, such as garages, 
tuck-under parking spaces, or large display 
windows, create an unusually fl exible or weak 
fi rst story condition. Accordingly, these pre-
1980 soft-story buildings lack the necessary 
resistance to adequately support the upper
stories against an earthquake’s shear motions. 

Older (pre-1980) non-ductile reinforced 
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Preparing for the 
‘Big One’
California’s seismic retrofit ordinances 
seek to improve life safety and 
earthquake recovery.
By Scott Adan, Ph.D., S.E., and Randall Ward

Table 1: Brief summary of some California seismic retrofi t ordinances.

City Reference Implementation
San	  Francisco Mandatory	  Soft-‐Story	  Retrofit	  Ordinance.	  Required	  retrofit	  for	  “multi-‐

unit	  soft-‐story	  buildings,”	  permitted	  for	  construction	  prior	  to	  Jan.	  1,	  
1978.

Website:	  www.sfgsa.org/index.aspx?page=6048

Retrofit	  timeframe	  is	  4-‐7	  years,	  depending	  on	  
occupancy	  type	  and	  other	  factors.

Los	  Angeles Proposed	  “Resilience	  by	  Design”	  program.	  Expected	  to	  pass	  in	  2015.

Website:	  www.lamayor.org/earthquake

Retrofit	  timeframe	  is	  5	  years	  for	  soft-‐story;	  30	  years	  
for	  concrete.

Oakland Ordinance	  No.	  12966	  requiring	  owners	  of	  soft-‐story	  buildings	  to	  
complete	  a	  seismic	  screening;	  expected	  to	  pass	  a	  retrofit	  ordinance	  in	  
2015.

Website:	  http://clerkwebsvr1.oaklandnet.com/attachments/22928.pdf

City	  may	  pass	  retrofit	  ordinance	  in	  2015.

Berkeley The	  City	  of	  Berkeley	  requires	  owners	  of	  soft,	  weak,	  or	  open	  front	  (SWOF)	  
buildings	  with	  five	  or	  more	  dwelling	  units	  to	  retrofit	  their	  buildings.	  The	  
law	  took	  effect	  Jan.	  4,	  2014	  and	  applies	  to	  wood-‐framed	  buildings	  
constructed	  prior	  to	  1978.

Website:	  
https://www.cityofberkeley.info/Planning_and_Development/Building_a
nd_Safety/Soft_Story_Program.aspx

Submit	  for	  permitting	  prior	  to	  Dec.	  31,	  2016	  and	  
complete	  retrofit	  work	  within	  2	  years	  of	  permit.

Fremont Ordinance	  10-‐2007	  requiring	  mandatory	  retrofit	  of	  apartment	  buildings	  
with	  soft-‐story	  deficiencies.

Website:	  www.fremont.gov/377/Earthquake-‐Hazard-‐Reduction-‐
Ordinances

Retrofit	  timeframe	  is	  4-‐5	  years	  after	  notification.

Santa	  Clara

Richmond

Alameda

Santa	  Monica

Useful	  Links

Inventory	  of	  Soft-‐First	  Story	  Multi-‐Family	  Dwellings	  in	  Santa	  Clara	  County	  (includes	  San	  Jose).

Website:	  http://resilience.abag.ca.gov/wp-‐content/documents/Soft%20First-‐Story%20Multi-‐
Family%20Dwellings%20and%20Imp.pdf

The	  City	  of	  Richmond	  Planning	  &	  Building	  Services	  Department	  is	  preparing	  an	  inventory	  of	  potential	  soft-‐story	  buildings	  in	  the	  
City.

Website:	  www.ci.richmond.ca.us/index.aspx?NID=2378

Ordinance	  No.	  2969	  requiring	  mandatory	  evaluation	  and	  retrofit	  to	  existing	  wood	  frame	  residential	  structures	  with	  soft-‐story,	  
weak,	  or	  open	  front	  walls.

Website:	  http://alamedaca.gov/community-‐development/building/seismic-‐retrofit

Currently	  in	  process	  of	  creating	  an	  inventory	  of	  vulnerable	  buildings	  that	  will	  subsequently	  be	  targeted	  for	  mandatory	  retrofit.

Website:	  http://santa-‐monica.org/Content.aspx?id=46285

Association	  of	  Bay	  Area	  Governments	  (ABAG)	  Soft-‐Story	  
http://resilience.abag.ca.gov/housing/softstory

Los	  Angeles	  Resilience	  by	  Design	  
https://d3n8a8pro7vhmx.cloudfront.net/mayorofla/pages/16797/attachments/original/1420504740/Resilience_by_Design_Full
_Report_Dec_11_FINAL.pdf?1420504740
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concrete buildings are also at higher risk of collapse because some parts
of the building, such as columns and frame connectors, are too brittle.
They break apart when subjected to strong earthquake shaking. These 
buildings are currently used as schools, hospitals, offi ce buildings, 
apartment complexes, and warehouses. Consequential damage to 
these building types following a major quake could not only present
immediate safety concerns, but could also cause long-term social and 
economic disruption to the community.

Los Angeles has an estimated 13,000 soft-story wood-framed apartment 
buildings and 1,400 non-ductile concrete framed buildings that will 
require mitigation. For suspect soft-story buildings, the Los Angeles 
Department of Building and Safety plans to identify all vulnerable 
buildings and notify their owners. Retrofi tting would be required 
within fi ve years of notifi cation. For non-ductile concrete framed 
buildings, building owners will be required to complete an evaluation
by a structural engineer within fi ve years and complete any needed 
retrofi t work within 30 years of notifi cation. 

According to the mayor’s plan, fi nancial incentives to retrofi t could 
include waiving permit fees, offering tax exemptions and/or credits, 
providing access to private lending sources, and creating bond
measures. IVI International, a CBRE company, anticipates that the city 
council will approve the ordinance sometime in 2015.

Other California cities have recently passed similar legislation 
concerning vulnerable buildings, with an emphasis on wood-framed 
soft-story structures (see Table 1). According to the Association of Bay 
Area Governments (ABAG) and several of the city ordinances, the 
legislation enabling cities and counties to mitigate soft-story buildings 

in their communities occurred in 2005. In that year, the California 
Health and Safety Code sections 19162 and 19163 were amended (AB 
304) to expressly authorize cities to adopt by ordinance mandatory 
retrofi t standards for soft-story residential buildings. 

Going forward, it will be important for lenders and investors to rely 
on third-party due diligence consultants to help stay abreast of the 
fi nancial and regulatory impact of any current and future seismic retrofi t 
ordinances. The timing of compliance, as well as the costs, should be 
thoroughly vetted in order to be certain that costs and impacts are
accounted for in each deal. This will be especially important for any 
transaction that does not include a Seismic Assessment Report, as the 
various seismic retrofi t ordinances may not be fully comprehended by 
the due diligence consulting industry community.

In direct construction costs, the seismic retrofi t of soft-story buildings 
has been estimated to cost between $60,000 and $150,000 per building. 
Retrofi ts typically take two to four months to complete and construction 
is typically limited to only the ground fl oor. 

With respect to non-ductile reinforced concrete buildings, costs can 
vary depending on the expected performance level, structural condition, 
and type of retrofi t methods employed. These costs generally are $90 
to $130 per square foot. They can be minimized if the retrofi t work is 
performed in combination with other renovation upgrades.

SCOTT M. ADAN, PH.D., S.E., is director of the Seismic Assessment Services division 
of IVI Assessment Services (www.ivi-intl.com), a CBRE Company. An earth-
quake analysis expert, he has more than 23-years of experience in the design, 
assessment, and repair of new and existing structures. 
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Transportation

Intelligent modeling workfl ows will play a signifi cant role beyond planning, design, 
and construction, and well into operations and maintenance.

As transportation systems become more integrated and interconnected
across asset life cycles, the needs are too great, fi nancial means too 
small, and public expectations too high to allow for the ineffi ciencies 
of the past to interfere with building our future transportation systems
— and owners are on the front line of this change.

The transportation challenge isn’t getting any easier. During the next 20 
years, population growth, urbanization, and economic expansion are set 
to push demand for transportation to unprecedented levels. There are 
new complicating factors, such as technology drivers like autonomous
vehicles, social rideshares, employer-sponsored transit services, and 
a shifting workforce (age, demographics, fl ex work schedules/home 

The owner’s 
opportunity

Adopting intelligent modeling for a new era.
By Terry D. Bennett, LS, LPF, MRICS, ENV SP, LEED AP; 

and Teresa Elliott
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offices, and so on). At the same time, we hear a lot about the onslaught 
of big data and the rapid evolution of technology, which introduce
more complexity into the conversation — especially with the adoption 
of building information modeling (BIM) into civil engineering space. 
Already, industry dialogue revolves around the need to do a better job
of delivering and managing quality transportation infrastructure that
is resilient to both changing use patterns and changing environmental
conditions.

There is no silver bullet fix. Social, environmental, and economic 
conditions will remain complex globally, requiring a truly 
interconnected, multimodal approach. The new age of infrastructure 
encompasses several new factors: access to new technologies; 
increasing project complexity; stakeholder ecosystems; and more 
focus on 3D modeling to enhance asset maintenance. The challenges 
are many:

• Failing infrastructure and limited funding from federal and state sources
will dictate more thorough planning and alternative vetting analysis.

• Past experiences of looking at transportation systems as individual and
unique are neither efficient nor effective as we transition to the future.

• Owners, engineering firms, and construction contractors who work on
these projects need to interact and share information.

• Project requirements are increasingly complex, which can cause
a greater need for collaboration/coordination across even more

stakeholders. Factors include population growth in urban areas and
what that means for roads and transit systems and considerations such
as adding new intersections, bike paths, green space, and working
within and around environmentally sensitive areas.

• Federal and/or state incentives and programs can help drive innovation.
• Engineering firms are evolving rapidly, using more intelligent modeling

workflows to help them compete.

Intelligent modeling workflows will play a significant role beyond 
planning, design, and construction, and well into operations and
maintenance. The potential value of this downstream use is driving 
some owners to engage in best practice discussions, including how
intelligent modeling is used, by whom, what is required, the best
delivery model, and how to monetize the value of the information for 
the life of the asset.

Owners learn from their providers
Globally, civil engineering firms have embraced intelligent modeling 
in recent years on all sorts of infrastructure projects in order to bid
more effectively; to present how they will offer unique, value-added 
services; and to address potential problems earlier in the design
process. Civil engineering firms have learned from other industries that 
workflows can be improved from 2D to 3D, and beyond that to 4D/5D. 
Multidimensional workflows can help improve project predictability 
and engagement with stakeholders, and ultimately help create optimal
solutions for meeting a customer’s requirements while staying on 
schedule and within budget.

Many firms find that evolving to intelligent modeling is necessary to 
stay competitive. Utilizing a more proactive, collaborative approach to 
a project enables more informed decisions earlier in the design process
— keeping the focus on designing for constructability.

The public expects transportation owners and engineering service 
providers to consider certain questions in determining projects and
system needs:
• What are the social, environmental, and economic conditions driving the

project purpose?
• Where and how will the population need to move and function?
• How will people and goods be transported?

Owners must take a holistic approach to defining transportation system 
needs and developing the right solutions. This means turning to their 
consultancy communities and asking new questions in order to solicit
the innovative ideas and approaches that many in these communities
are very skilled at.

Following are examples of improvements from engineering firms 
working on projects in close collaboration with owners, using model-
based workflows.

United States — A few years ago, Gremmer & Associates completed 
a challenging design project in Wisconsin — US 41 Road Expansion. 
They had to design a variety of new roundabouts, and a model-based 
approach helped them understand how the changes would affect the
project, which helped improve collaboration with the infrastructure
owner (see Figure 1). 

Figure 1: Roundabout design and post construction of US 41 and Witzel 
Avenue. Read more about the US 41 Road Expansion project at www.
bimontherocks.com/two-points-of-view-bim. Image: Courtesy of Gremmer & 
Associates and Wisconsin Department of Transportation
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“With Civil 3D, we could evaluate a what-if scenario and make the 
required changes within hours. That could have taken us up to a day 
with our legacy software,” said Ben Oitzinger, P.E., project engineer, 
Gremmer & Associates, Inc.

“Due to the complexity of the project, the design was constantly 
evolving. Being able to make design changes more quickly with Civil
3D was instrumental in helping to meet the deadline — especially 
when you multiply those savings over the lifetime of the project,” said
Tom Lanser, P.E., president, Gremmer & Associates, Inc.

Europe – More recently, in a project in Norway, engineering and 
design fi rm COWI worked closely with its client — the asset owner of 
the E16 roadway — to improve existing condition data prior to detailed 
design. In the past, they used geographic information system (GIS) 
data to create a series of 2D maps to help track existing conditions and 
communicate this information to clients.

“Using disconnected 2D tools, it’s diffi cult to convey project details to 
people who lack engineering experience,” said Gjermund Dahl, BIM 
coordinator with COWI. “Only a few people are able to visualize what 
a road will look like from a 2D map and a rendering of a small section. 
This makes communication with all stakeholders on large projects 
diffi cult. Too much is left to the imagination.”

For the E16 project, COWI created an intelligent 3D model of existing 

conditions from multiple data sources. They included 200-year fl ood 
data, inspected swamped areas to ensure the road was suffi ciently 
elevated, and investigated opportunities for avoiding areas where clay
required extra work for stability — all of which helped them locate 
an expedient route more quickly. The model also helped them present 
a virtual fl y-through of the environment in regular sessions with the 
owner (see Figure 2). They were able to modify the design in real 
time using customer feedback, so the client had instant and continuous
access to the latest, updated model.

“Our clients expect that we are able to deliver big, complex projects, 
and we have specialists in almost every engineering discipline,” said
Marius Sekse, BIM Strategist at COWI. “Our consultants create a link 
between them as owners and the contractor — bringing their visions
into buildable objects. Five years ago, we also delivered quite highly 
complex 3D models, but they were delivered by 3D specialists. As 
soon as you had to make a change to it, it took weeks. But today, our
engineers and planners, are able to go out to the customer, to a project
meeting, and make changes directly in the meeting. Having a 3D model 
that can be quickly modifi ed helps the client make better decisions, 
faster. And we are employing this BIM process on many projects now. 
For us that’s the future.” 

Role of government requirements
Design engineers are now required to address the bigger challenges 
faced by owners/operators in all phases of the project life cycle — 

Figure 2: COWI uses the 3D project model in communication with the client. At regular sessions, the COWI team presents its work by conducting 
a fl y-through of the model. Based on the customer feedback, they modify the design, with changes applied in real time during meetings. Read 

more about the E16 road project and COWI at http://bimontherocks.com/visualization-award-2014-excellence-in-infrastructure. 
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planning, design, and transfer of design intent to construction — and
the singular approach to projects of the past will not be adequate
to address the challenges of the future. During planning phases, 
engineering service providers and owners will have to work together to
jointly understand and account for factors such as:

• social, environmental, and economic conditions driving the project
purpose and need;

• how other transportation systems in the region are driving the purpose
and need and the interdependencies to the project being considered;
and

• the right solution for the system and underlying needs.

When MAP-21 was signed into law in 2012, it opened the door to 
approximately $105 billion for fiscal years 2013 and 2014 and was the 
first long-term highway authorization since 2005. MAP-21 not only 
provided funding, but also modernized the way transportation projects 
are done, including requirements for 3D modeling/virtual construction 
and visualization technology. 

The coupling of infrastructure investments with the strategic and 
innovative use of 3D technology enables transportation infrastructure 
owners and investors to gain a better understanding of the scope and
complexity of their investments. They can also route efficiency gains 
made from this change toward the financing of future projects because 
with all public funding it’s critical to be able to “do more with less.” 

The Every Day Counts (EDC) program, which is tied to MAP-21 
legislation, is a state-based model to identify and rapidly deploy 
underutilized innovations to shorten the project delivery process. With 
MAP-21, we now had the impetus to drive innovation faster and more 
efficiently from the federal side to the state transportation departments. 
But beyond just design and delivery innovation, it was also to enhance
roadway safety, reduce congestion, and improve environmental
sustainability.

In light of these new requirements, some owners are proactively
changing the way they work, collaborating to design with the future in
mind. These owners:

• Quickly assess and quantify the impact of any project scope changes via
model-based solutions that dynamically update related design elements
when changes are made.

• Enable innovative construction methods that speed field activities and
optimize execution by connecting design and construction processes
with a continuous stream of coordinated, consistent data.

• Generate visualizations that aid in identification of costly design and
scheduling conflicts before ground is broken.

• Improve visibility into constructability, cost, and schedules to reduce
contractor risk (resulting in more cost-effective construction bids).

• Use more coordinated, consistent data to compute earthwork volumes,
produce 4D simulations for planning and subcontractor coordination,
and deliver high-quality models to contractors for automated machine
guidance.

Figure 3: A 3D model of a new bridge, importing aerial photography and topographical, 
GIS, and road data. Image: Courtesy of Lexington County Public Works
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Facilities’ multiphase life cycles are driving the increasing demand for 
a more complete and holistic BIM workflow, as shown by the MAP-
21 effort and its focus on construction as well as design. Mastering 
BIM technology and workflows is a prerequisite for meeting the 
infrastructure challenge and owners/operators will need to join the 
effort. In-context designs will need to address the federation of big data 
and streamlined simulation and analytics via infinite computing power 
in the cloud. And the ability to tackle larger and more complex projects 
will require shifting heavy engineering efforts from final design and 
production to earlier phases where higher-value benefits are realized. 
Traditionally, owners tended not to participate in this area, but going 
forward, doing so will be critical.

Following are examples of how changing requirements and the use of 
modeling helped to deliver projects more effectively and efficiently: 

South Carolina — To improve access to a local elementary school, 
Lexington County Public Works is rebuilding an abandoned bridge 
crossing, which will also improve traffic flow, reduce congestion on 
small neighborhood streets, and provide more direct access for fire 
and other emergency vehicles. Initially, the proposed design for the
new bridge was presented to the public in the form of traditional
2D drawings, which can be difficult for nontechnical audiences to 
understand. To better support public outreach, the county created a 3D 
model and an animated movie of the project’s conceptual design, set in 
the context of the surrounding roads and environment (see Figure 3). 
The animation helped provide a clearer vision for the new bridge and, 

as a result, residents now firmly support the project. 
New Mexico — In September 2013, the New Mexico Department 
of Transportation (NMDOT) adopted intelligent modeling design 
tools for roads, highways, and bridges, anticipating cost savings due
to reduced change orders, improved public input using model-based 
visualizations, and improved construction using BIM to support 
virtual construction planning and sequencing (see Figure 4). Full-scale 
deployment is underway, and in 2014 BIM was being used on most new 
projects. Now NMDOT conducts smoother what-if analyses, utilizes 
a dynamic link between design models and materials quantities, and
benefits from automatic updating of drawings and other documentation 
when design changes are made.

“When the department first announced its decision, it anticipated that 
the software would pay for itself within two years of full implementation
through cost savings realized in the reduction of change orders,” said 
Alvin Dominguez, retired New Mexico transportation secretary. 

The next evolution: asset maintenance
When considering changes for roads and highways, the next innovation 
is already documented. The EDC program, in its third iteration (EDC-
3), is focused on 3D engineered models — the basic building block of 
today’s BIM for infrastructure approach and, as the Federal Highway 
Administration states, “the digital highway that allows for faster, more 
accurate, and more efficient planning and construction.” 

For EDC-3, the focus is on three practices:

Figure 4: Cambray Bridge designed by Matthew Oakley, an intern who had only spent a few hours with a 3D modeling 
and visualization tool. Learn more about NMDOT model-based design at http://bimontherocks.com/what-prompts-a-dot-

to-change. Image: Courtesy of New Mexico Department of Transportation
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In early May, New York City Department of Environmental Protection 
(DEP) Commissioner Emily Lloyd announced that the $3.2 billion 
Croton Filtration Plant was activated and water from the Croton 
water supply system had been reintroduced into the city’s distribution 
network for the fi rst time since 2008. Built beneath Van Cortlandt Park 
in the Bronx, preparatory site work and excavation for the 400,000 
square foot facility began in 2004. Construction commenced in 2007 
and, at the height of the work, roughly 1,300 laborers were onsite. 

In addition to building the plant, the 33-mile-long New Croton Aqueduct 
was rehabilitated and three new water tunnels were constructed to
bring water to the plant, and then from the plant back to the distribution

system. With the capacity to fi lter as much as 290 million gallons of 
water a day, the state-of-the-art facility can provide roughly 30 percent 
of the city’s current daily water needs.

“The activation of the Croton Filtration Plant marks a signifi cant 
moment in the history of New York City,” Lloyd said. “The fi ltration 
plant will help to ensure the city has a safe and reliable supply of
drinking water in the event of a future drought, provide critical
fl exibility as we deal with the effects of a changing climate, and allow 
us to make needed repairs to other parts of the water supply system.”

New York City has three upstate water supply systems — Croton, 
Catskill, and Delaware. Located as far as 125 miles northwest of the 
city, the reservoirs of the Catskill and Delaware systems are surrounded 
and protected by large swaths of city-owned land. The Croton System, 
located primarily in Westchester and Putnam Counties, is the oldest of
the three systems and is comprised of 12 reservoirs and three controlled 
lakes (Figure 1). For more than 150 years it provided a safe supply of 
high-quality water to the city and critical fl exibility and redundancy to 
the overall water supply system.

More than 1 million cubic yards of rock and soil were excavated from the site, 
which now reaches a depth of roughly 100 feet below grade. Construction of the 

830-foot-long by 555-foot-wide facility included placing nearly 250,000 cubic yards 
of concrete and 27,000 tons of reinforcing steel. Photo: New York City Department of 

Environmental Protection
Croton Water 
Filtration PlanT
activated
Nation’s largest underground filtration plant 
produces as much as 290 million gallons of drinking 
water daily.
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However, as population density increased around the watershed, the 
quality of the water diminished and DEP did not supply Croton water 
during several summers in the 1990s. During this time, DEP, federal, 
and state regulators agreed that a filtration plant must be built.

Before construction could begin, more than 1 million cubic yards of 
rock and soil were excavated from the site, which now reaches a depth 
of roughly 100 feet below grade. Construction of the 830-foot-long by 
555-foot-wide facility began in 2007. Work included placing nearly 
250,000 cubic yards of concrete and 27,000 tons of reinforcing steel 
and installation of 160,000 feet of pipe, more than 200 pumps, more 
than 10 million feet of low- and high-voltage wire, nearly 2 million 
pounds of duct work, and 20 ultraviolet light disinfection units. In 
2010, the final roof slab was laid in place and covered with dirt and 
reseeded. The Mosholu Golf Course driving range is now taking shape 
on top of the facility.

The New Croton Aqueduct, placed into service in 1890, is a 33-mile-
long, 13-foot-diameter, brick-lined tunnel that was engineered to 
convey drinking water by gravity from the New Croton Reservoir in 

Westchester County to Jerome Park Reservoir in the Bronx. When DEP 
stopped using Croton Water for in-city distribution and began planning 
construction of the filtration plant, the aqueduct was drained of water 
and an extensive inspection of the tunnel took place. 

Rehabilitation work included re-grouting the brick lining of the tunnel, 
upgrading 34 shaft site connections that allow crews to access the 
tunnel from ground level, and repairing valves and pumps that allow
certain Westchester communities to pull water from the aqueduct. In
addition, a 58-foot-long and 12-foot-wide concrete plug was built 
inside the aqueduct beneath Jerome Park Reservoir to divert water to 
the Croton Filtration Plant.

In order to divert the water from the New Croton Aqueduct to the 
filtration plant, DEP drilled and blasted a 12-foot-diameter, 880-foot-
long tunnel. In addition, two new water tunnels were excavated by a 
tunnel boring machine to bring the filtered water back to the existing 
distribution network. These two tunnels are 9 feet in diameter and 
together stretch for more than a mile.

Once the water arrives at the filtration plant it undergoes several 
processes to remove impurities. It also is aerated, passes through a
sand medium, and is exposed to ultraviolet light to protect against 
potentially harmful micro-organisms. A state-of-the-art laboratory tests 
the water as it enters the facility, before it leaves, and at every step
throughout the filtration process to ensure it meets or exceeds all state 
and federal guidelines.

Figure 1: New York City has three upstate water supply systems — Croton, Catskill, 
and Delaware. The Croton System, located primarily in Westchester and Putnam 
Counties, is the oldest of the three systems and is comprised of 12 reservoirs and 
three controlled lakes. Image: New York City Department of Environmental Protection

In 2010, the final roof slab was laid in place and covered with dirt and reseeded. The 
Mosholu Golf Course driving range is now taking shape on top of the facility. Photo: 

New York City Department of Environmental Protection

Information provided by the New York City Department of Environmental 
Protection (http://nyc.gov/dep). Hazen and Sawyer, in joint venture, prepared 
conceptual designs, performed environmental impact studies, prepared 
preliminary and final designs, and provided start-up operational services. 
AECOM provided engineering design, environmental services, and design 
services.
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Five years ago this summer, a couple drowned in Utah’s Jordan River 
when their kayak capsized going over a small drop in the streambed 
near Murray. While the drop-off at that location creates a harmless-
looking two-foot waterfall, the undercurrent is deadly.

Researchers in Brigham Young University’s (BYU) Department of 
Civil and Environmental Engineering know this all too well. According 
to their research, small dams and other low-lying drop-offs like the one 
on the Jordan River have accounted for more than 440 deaths in the 
United States since the 1950s.

The reason, said professor Rollin Hotchkiss, Ph.D., P.E., is that these 
dams create a submerged hydraulic jump that pulls people back
toward the dam and pins them with a strong upstream current. Sadly, 

the fatalities they’ve recorded with their new low-head dam database 
likely represent less than half of the actual deaths.

“People don’t understand the nature of the problem,” Hotchkiss 
said. “They misattribute deaths to the inability to swim, or physical 
condition, or poor equipment, or no lifejacket. Actually, none of those
things matter very much. It’s the current that will take out just about 
anybody in any kind of condition.”

Every week, Hotchkiss and his students receive the chilling news that 
another person has died at a low-head dam. They record the data in the 
database created by graduate students Ed Kern and John Guymon, and 
add another pin to the interactive map of the country.

But the engineers are not just focused on cataloging the accidents. The 
primary goals are to raise public awareness and to educate decision
makers so remediation efforts to improve the safety of the dams can
move forward. Those efforts, detailed in their article in the Journal of 
the American Water Resources Association, include posting signage,
restricting access, and perhaps most importantly, retrofi tting dam 
structures to alter dangerous back-currents that can trap humans.

BYU student Karsten Busby studies the activity of a small dam-like structure in the 
lab. Photo: Mark A. Philbrick/BYU

Deadly dams
Small, low-head dams look harmless, 
but can be fatal.
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“Fixing the problem is really out of our control,” Hotchkiss said. “We 
really have no other recourse but to hope our message gets widely
disseminated.”

In the wake of the deadly Jordan River incident, governments along 
the river have been spurred by the tragedy to address a number of
dangerous drops between Utah Lake and the Great Salt Lake. This 
summer, crews will reconfigure the Jordan River accident site to make 
it a safe recreation point.

Hotchkiss and his students will continue their research by testing out 
the effectiveness of dam “flow deflectors.” These inexpensive footrest-
looking structures would be added to dams to break up the uniformly
dangerous current.

In the meantime, he hopes owners of low-head dams ask themselves 
whether or not they really need the dam. In his opinion, if such dams
have outlived their useful life, they should be removed. If they’re still 
in use, he said, remediation should be considered.

“People should not go to sleep at night just hoping that a tragedy 
doesn’t occur, that nothing bad will happen,” Hotchkiss said. “They 
should be proactive about it. Because there are still thousands of these
deadly dams in the country.”

Students watch as a ping-pong ball is trapped by the current in a lab flume. 
Photo: Mark A. Philbrick/BYU

Information provided by Brigham Young University (www.byu.edu). 
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The tie between
resiliency and sustainability
By Terry F. Neimeyer, P.E., BCEE, FACEC

There has been a lot of recent discussion in Washington, D.C., about 
infrastructure resiliency, especially in the aftermath of Hurricane Sandy in 
2012 and with the 2015 hurricane season now upon us. At a recent White 
House-sponsored event called Building the Project Pipeline, several 
foundations, stakeholders, and associations discussed the planning and
design of resilient infrastructure and resilient housing.

The term resiliency is frequently used in many documented references
to include several meanings and actions. In a 2009 report, Critical 
Infrastructure Resilience Final Report and Recommendation, the 
National Infrastructure Advisory Council (www.dhs.gov/national-
infrastructure-advisory-council) offered the following definition:

Infrastructure resilience is the ability to reduce the magnitude and/
or duration of disruptive events. The effectiveness of a resilient 
infrastructure or enterprise depends upon its ability to anticipate,
absorb, adapt to, and/or rapidly recover from a potentially disruptive 
event (www.dhs.gov/xlibrary/assets/niac/niac_critical_infrastructure_
resilience.pdf).

Likewise, sustainability has been used to mean various things,
ranging from resource conservation, environmental preservation,
and enhancements to social systems. In terms of infrastructure, the
most common definition comes from the United Nation’s Brundtland 

Commission Report from 1987: Sustainable development is “…
development that meets the needs of the present without compromising
the ability of future generations to meet their own needs.”

Can infrastructure be planned, designed, and constructed to be resilient
and sustainable? Yes, and the tie between the two is the Institute for 
Sustainable Infrastructure’s (ISI) Envision rating system. Envision 
rates the sustainability of civil infrastructure projects against 60 credits 
organized into five subcategories: Quality of Life, Leadership, Resource 
Allocation, Natural World, and Climate and Risk. Award levels, based on 
the points achieved by addressing the 60 credits, include bronze, silver, 
gold, and platinum.

While all 60 Envision credits address aspects of sustainability, the Climate 
and Risk (CR) category includes several credits that focus specifically on 
resilience. The first is CR 2.1 Assess Climate Threat. This requires the 
designer to assess the vulnerabilities and risks as well as develop a plan
for changes in long-term weather patterns, extreme weather events, and 
increased sea levels. The Sun Valley Multi-Benefit Project in Los Angeles 
County, Calif., an Envision Platinum project, achieved this credit by 
referring to The California Adaptation Planning Guide by the California 
Natural Resource Agency that provides adaptation considerations for the 
region.

The South Los Angeles Wetlands Park in California, an Envision Platinum project, 
achieved credit CR 2.4 Prepare for Short-Term Hazards by incorporating flexible 
operation features to protect the wetland function during extreme floods or 
droughts. Photo: Psomas

Sustainable Design

www.dhs.gov/xlibrary/assets/niac/niac_critical_infrastructure_resilience.pdf
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Credit CR 2.2 Avoid Traps and Vulnerabilities encourages reducing long-
term costs and risks. It considers traps related to diminishing availability
of resources required for operations and maintenance and the potential
increase in the price of those resources. The location and confi guration 
of the infrastructure is evaluated for vulnerabilities such as fl ooding. The 
design standards and methodologies are evaluated for vulnerabilities
related to the use of historical design values that no longer represent our
changing conditions. The William Jack Hernandez Sport Fish Hatchery 
in Anchorage, Alaska, an Envision Gold project, achieved this credit by 
reducing reliance on fuels to heat water and designing natural lighting
instead of electric lights.

Envision credit CR 2.3 Prepare for Long-Term Adaptability also creates 
a link between sustainability and resiliency. This credit specifi cally asks 
if measures have been taken to address the potential consequences of
long-term climate change such as sea level rise, increased intensity and 
frequency of extreme weather events, extended droughts, heat waves, 
and increased ambient temperatures. Infrastructure projects designed
and built today need to be able to function under future conditions in
order to continue to provide the same level of service. Providing for
fl exible operations, incorporating redundancies, and utilizing natural 
or decentralized systems are potential strategies to support long-
term adaptability and, therefore, resilience. The Snow Creek Stream 
Environment Zone Restoration near Lake Tahoe, Calif., an Envision 
Platinum project, achieved this credit by providing natural stormwater
management and treatment systems that are more fl exible in adapting to 
changing climate conditions.

A related credit is CR 2.4 Prepare for Short-Term Hazards. Infrastructure 
must also adapt to or withstand and recover from short-term hazards, 
such as earthquakes, fi res, tornados, chemical spills, and terrorist 
attacks, and the resulting secondary hazards such as power outages. A 
resilient facility would have a thorough analysis and mitigation plan for
these hazards. The South Los Angeles Wetlands Park in California, an 
Envision Platinum project, achieved this credit by incorporating fl exible 
operation features to protect the wetland function during extreme fl oods 
or droughts.

Considering changing operating conditions and planning ahead for short-
term and long-term hazards — whether natural or man-made — will 
allow infrastructure to recover rapidly and return to providing its intended
service to the community. By using Envision, infrastructure professionals 
can achieve better designs to make projects resilient and sustainable.

TERRY F. NEIMEYER, P.E., BCEE, FACEC, is CEO of KCI Technologies and 
chairman of the board of the Institute for Sustainable Infrastructure (www.
sustainableinfrastructure.org).

Learn more about ISI and Envision at www.sustainableinfrastructure.
org, by joining the ISI LinkedIn group (Institute for Sustainable 
Infrastructure), or by following ISI on Twitter (@ISIenvision).

VISIT www.cenews.com/casestudy/whitepaper

Download FREE Case  Studies and Whitepapers
on relevant civil and structural engineering projects
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materials

The Aluminum Design Manual(ADM), published by the Aluminum Association, 
is updated every five years, and the 2015 ADM is now available. Part I of the 
ADM is the Specification for Aluminum Structures (SAS), which provides 
rules for determining the strength of aluminum structural components and is
the primary component of the manual. Since compliance with the specification 
is required by the International Building Code, which is used throughout the
United States, changes to the specification affect most building applications 
of aluminum in the U.S. Furthermore, its provisions are used by other groups 
such as the American Welding Society and the American Association of State 
Highway and Transportation Officials in their standards.  

The SAS was completely reorganized in 2010 for the first time since its initial 
1967 publication. The 2015 SAS retains the same organization as the 2010 
specification, paralleling the 2010 AISC Specification for Structural Steel 
Buildings. However, numerous changes in the specification’s provisions were 
made for its 2015 edition, and this article highlights significant changes.

Shear Ultimate Strength and Compressive Yield Strength — The 
shear ultimate strengths Fsu and compressive yield strengths Fcy are no longer
listed by alloy-temper. Instead, Table A.3.1 states that the shear ultimate 
strength is 60 percent of the tensile ultimate strength and the compressive yield 
strength is 90 percent of the tensile yield strength for unwelded H tempers and 
100 percent of the tensile yield strength for others.  

Modulus of Elasticity — The modulus of elasticity is no longer tabulated 
by alloy, but rather is set in Table A.3.1 as 10,100 ksi for all alloys addressed by 
the SAS. Similarly, the shear modulus is 3,800 ksi for all alloys.  

Wrought Product Strengths and Specifications — A single table
(Table A.3.3) now shows the ASTM specification, thickness, unwelded and 
welded tensile yield strengths (Fty, Ftyw), unwelded and welded tensile ultimate 
strengths (Ftu, Ftuw), and tension coefficient kt for each alloy-temper-product 
addressed by the specification. 1060-H12 and -H14 sheet, plate, and drawn 
tube and 2219-T87 plate were added to the specification.

Weld Filler Strengths — Weld filler strengths were moved from Section 
J.2 to Section A.3. Only tensile strengths are now provided, rather than tensile 
and shear strengths shown in the 2010 specification. (Shear strengths are now 
taken as 0.6 times the tensile strength.) The strength for 4047 filler was added.

Alternate Method for Determining Flexural Strength — The alternate 
method for determining flexural strength, now called the Direct Strength 

Method, was moved to Section B.5.5.5, and modified so the strength of 
compact sections is the plastic moment and the inelastic local buckling strength
transitions from the plastic moment to the post-buckling strength.  

Effective Net Area for Members in Axial Tension — Section D.3.2 
was changed so that the effective net area is no less than the net area of the
connected elements.

Member Buckling Strength for Axial Compression — Section E.2 
was changed to transition the inelastic buckling strength from the compressive
yield strength to the elastic buckling strength. The 2010 and 2015 buckling 
strengths are compared in Figure 1.

Yield and Rupture Strengths for Flexure — The yield limit state strength 
(plastic moment) for wrought products was revised to the plastic section 
modulus times the compressive yield strength (ZFcy), with the plastic modulus 
limited to 1.5 times the section modulus. The rupture limit state moment 
(ultimate moment) was revised to the plastic section modulus times the tensile 
ultimate strength (ZFtu/kt), with the plastic modulus limited to 1.5. This is a 
change from earlier specification editions, which used only part of the plastic 
modulus and were limited to specific cross-sectional shapes. 

Lateral-Torsional Buckling (LTB) Strength — LTB strengths were 
revised so that the inelastic buckling strength is the plastic moment when the
unbraced length is zero (Figure 2). The LTB strength of shapes symmetric 
about the bending axis was revised for better accuracy by explicitly including 
the warping constant (Cw) term rather than approximating it. The LTB strength 
of singly symmetric shapes unsymmetric about the bending axis and with the 
moment of inertia of the compression flange greater than the moment of inertia 
of the tension flange (Iyc > Iyt) can no longer be taken as the LTB strength of the 
shape as though both flanges were the same as the compression flange. (This 
practice, while allowed by previous specification editions, is unconservative.) 
Finally, the LTB strength expression was written so that the LTB strength can 
be determined from the elastic lateral-torsional buckling moment Me. This 
allows the use of software to determine the LTB strength from the elastic LTB 
strength in the same manner as the local buckling strength.

Shear — Provisions addressing the shear rupture limit state (G.1), shear in 
webs supported on one edge only (G.3), and shear in rods (G.5) were added.

PJP Groove Welds — The strength of PJP groove welds was reduced to 
reflect the notch effect of partial penetration by factoring the size of the weld 

Designing  with 
aluminum
Updated 2015 Aluminum Design Manual
includes significant specification changes.
By J. Randolph Kissell, P.E.

The Aluminum Association’s updated 2015 
Aluminum Design Manual is now available. 
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by 0.6 (Table J.2.2). This is a significant decrease in PJP groove weld strength 
compared with earlier specification editions.

Fillet Weld Strength — The method of computing the strength of fillet 
welds was changed from using a tabular value for shear strength by filler alloy 
to using 0.6 times the tabular value for tensile strength times 0.85 to account for 
stress concentration effects associated with fillet welds (Table J.2.2). 

Bolts, Rivets, and Screws — Provisions prescribing material requirements 
for non-aluminum bolts, rivets, and screws were dropped. The requirements 
for slip-critical bolted connections were updated to match the 2009 RCSC 
Specification for Structural Joints Using High Strength Bolts.

Pins — A new Section (J.6) was added for pins, addressing for the first time 
hole size, shear strength, and flexural strength.

Contact with Dissimilar Metals — The requirements for contact with 
dissimilar metals were broadened in Section M.7.1 to address metals in 
addition to steel.

Quality Control and Quality Assurance — Chapter N was added to 
address quality control, performed by fabricators and erectors, and quality
assurance, done by other parties.

Changes to the specification were reflected in the other parts of the Aluminum 
Design Manual, especially in the Part VI Design Aids tables of buckling 
constants, resistance and safety factors, allowable stresses, and weld strengths.
Guidelines for Aluminum Sheet Metal Work in Building Construction, 
previously a separate Aluminum Association publication, was added as Part
VIII of the manual.

As the Specification for Aluminum Structures approaches its 50th anniversary 
in 2017, it remains the source of virtually all aluminum structural design 
requirements in the United States and is more accurate, extensive, and user-
friendly than ever before.

The Specification for Aluminum Structures remains the source of virtually all 
aluminum structural design requirements in the United States.

Photo: TGB Partnership

The bare aluminum frame of a dome in China. Photo: Conservatek

Figure 1: Axial Compression Strength Figure 2: 2015 Lateral Torsional Buckling Stress

J. RANDOLPH KISSELL, P.E., co-founded the TGB Partnership, an engineering 
firm specializing in aluminum structures. He has been involved in the design, 
fabrication, erection, and inspection of aluminum structures since 1978, 
including 12 years as the engineering manager of Conservatek, an aluminum 
space frame manufacturer and erector. He co-authored Aluminum Structures 
— A Guide to Their Specifications and Design, published by John Wiley and 
now in its 2nd edition, and co-holds numerous U.S. patents for aluminum 
structures. Kissell is the secretary of the Engineering and Design Task Force 
of the Aluminum Association, responsible for the Specification for Aluminum 
Structures.
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World Water Works’ Ideal Pre-Fab product 
line incorporates core IDEAL products into 
pre-engineered skid-mounted systems offering 
a “plug-and-play” option that reduces onsite 
work. Ideal Pre-Fab arrives fully assembled, 
pre-wired, and pre-plumbed, and is available for 
the Ideal DAF (Dissolved Air Flotation), Ideal 
MBBR (Moving Bed Biofilm Reactor), and 
the Ideal S-Select bulking sludge management 
technology. The systems have pre-calibrated 
instrumentation, chemical feed systems, and
control systems. According to the company, its
3D design and modular construction process 
optimizes the use of materials, time, and energy. 

World Water Works
www.worldwaterworks.com

Seaman Corporation redesigned its 
corporate website, www.seamancorp.com.
A digital video strategist worked closely
with Seaman’s marketing team to create 10 
new videos for the site. Each short video 
showcases Seaman Corporation’s expertise, 
its approach to customer care, its products, its
customers, and employees. Three additional 
sites scheduled to launch this year showcase
Seaman Corporation’s main product lines, 
including FiberTite Roofing Systems, XR 
Geomembranes, and Shelter-Rite fabrics for 
architecture.

Seaman Corporation
www.seamancorp.com

04. Prefab wastewater treatment systems 05. Redesigned website

Trimble’s TILOS version 9.0 time and location planning software for highways, railways, pipelines, 
tunnels, water engineering, transmission line construction, and other linear civil engineering projects, 
merges technical and schedule information into one dynamic plan. A new Gantt chart format visually 
connects the site layout with the user-defined time frame of a project. Graphics representing project 
locations, such as bridges, culvert, and intersections, as well as work types such as concrete, steel, or 
earthworks, provide additional clarity. TILOS version 9.0 has improved integration functionality with 
third-party project management software.

Trimble
http://construction.trimble.com 

Contech Engineered Solutions supplied a 
stormwater detention system to Liberty Park, 
an elevated public park under construction 
in the new World Trade Center in New York 
City. Contech consulted with engineers at the 
Port Authority of New York & New Jersey 
who specified a system made from 197 
linear feet of DuroMaxx Steel Reinforced 
Polyethylene that will provide approximately 
2,500 cubic feet of stormwater storage. 
Contech also consulted with the contractor 
to construct a custom hold down system to 
prevent the tanks from floating while being 
backfilled with cellular concrete.

Contech Engineered Solutions
www.conteches.com  

USG Corporation introduced USG Structural 
Solutions. The USG Structural Panel Concrete 
Subfloor and USG Structural Panel Concrete 
Roof Deck are the first products in the portfolio. 
According to the company, USG Structural 
Panels provide the versatility of wood sheathing 
and are the only UL-certified noncombustible 
structural cementitious panels. Both of the initial 
products in the portfolio create one- and two-hour 
fire-rated assemblies; are strong, durable, and 
dimensionally stable; do not buckle or warp; and 
fit in a standard elevator.

USG Corporation
www.usg.com/structural 

02. Urban stormwater detention

01. Linear project planning

03. Subfloor and roof deck structural panels
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07. Continuous rod tiedown systems

06. Subsurface scanning

Simpson Strong-Tie’s Strong-Rod Anchor 
Tiedown System (ATS) for shearwall overturning 
restraint and Strong-Rod Uplift Restraint System 
(URS) for roofs address design challenges 
associated with mid-rise buildings that must 
withstand seismic activity or wind events. Strong-
Rod ATS solutions address design considerations 
necessary for ensuring proper performance against 
shearwall overturning, such as rod elongation, 
wood shrinkage, construction settling, shrinkage 
compensating device deflection, incremental loads, 
cumulative tension loads, and anchorage. Strong-
Rod URS solutions focus on effective performance 
against roof uplift, taking into account factors such 
as rod elongation, wood shrinkage, rod-run spacing, 
wood top-plate design, and anchorage.

Simpson Strong-Tie
www.strongtie.com/srs 

Geophysical Survey Systems, Inc. (GSSI) updated its UtilityScan GPR system for identifying 
and marking the location and depth of subsurface utilities. The newly released 3D data collection 
and playback mode for the premium UtilityScan DF model now provides an x-ray-like image of 
the ground in addition to the standard 2D mode. It offers a non-intrusive means of examining the 
subsurface for common environmental hazards such as soil contamination, underground storage 
tanks, and drums and can delineate landfills and pathways for contaminant flow.

Geophysical Survey Systems, Inc.
www.geophysical.com 

09. Concrete dowels

08. Lift station mixer

Meadow Burke said its Burke Lockable Dowel 
helps eliminate pour strips in typical large cast-in-
place pours and post-tension construction. With 
a smooth dowel in a rectangular slot, the Burke
Lockable Dowel allows contraction movement 
in two directions while also carrying the gravity
loads once the concrete has reached its designed
compressive strength. Using the Burke Lockable 
Dowel, a general contractor no longer faces the 
safety concern of having a pour strip gap in the
slab to work around.

Meadow Burke
http://meadowburke.com

Medora Corporation’s GridBee AP500 air-powered mixer features a non-clog design with no 
moving parts and no electricity in the water. Designed especially for lift station wet wells, the 
GridBee AP500 mixer helps keep solids — such as wipes — in suspension as sheets instead of 
clumps and prevents lift station pumps from clogging. The GridBee AP500 mixer also helps reduce 
H2S odors, corrosion, and grease buildup. The AP500 fits through a 12-inch hatch and can mix any 
depth from 2 feet to 100 feet. 

Medora Corporation
http://wastewater.medoraco.com/airpwr  
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Professional Liability
is essential.

Overpaying is not.

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

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

Get a quote—overnight.

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

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

Email:
tesler@fenner-esler.com
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HydroCAD Software Solutions LLC, Box 477, Chocorua, NH 03817 1-800-927-7246

Complete NRCS TR-20, TR-55, SBUH, & Rational hydrology,
plus hydraulics, pond design, chamber layout & much more!

ydroCADH
®

Stormwater Modeling

Try our Free HydroCAD Sampler at www.hydrocad.net

Preferred by the majority of
the top civil engineering firms
for its broad technical
capabilities and ease-of-use,
HydroCAD takes the TR-20
and TR-55 methodology to
the next level, with powerful
options for outlet devices,
pond storage , ra in fa l l
libraries, pumps, vortex
v a l v e s , u n d e r g r o u n d
chambers, CAD import, and
much, much, more.

HydroCAD is surprisingly affordable, with a unique pricing
structure that lets you expand your node capacity and user-
count as your needs grow. With the extensive Help system,
tutorials, web articles, self-study program, webinars, and
free email support you’ve got all the resources you need to
get the job done right and on-time.

product + Software guide

DHI Germany and Barthauer Software GmbH 
agreed in 2013 to cooperate in the field of 
hydrodynamic sewer simulation. Now, both 
companies present a new, integrated software
solution for hydrodynamic sewer simulation.
DHI’s MIKE 1D is a simulation engine for 
1D modelling of collection systems. Barthauer 
Software’s BaSYS, provides comprehensive 
tools for managing the entire life cycle of
supply and drainage networks, including water,
wastewater, and stormwater networks. In 2014, 
BARTHAUER integrated MIKE 1D using 
the BARTHAUER interface ARENA directly 
in the network information system BaSYS.

Barthauer Software GmbH
www.barthauer.de

Falcon Electric, Inc. said that more than a 
dozen of its SSG Series uninterruptible power 
supply (UPS) units have been protecting 
the Intelligent Traffic System (ITS) of the 
Verrazano-Narrows Bridge since August 
2013 against power outages to highway 
signs and traffic monitoring and control 
equipment. Falcon’s SSG Industrial UPSs 
operate from -4°F to 131°F and the SSG-RP 
High Temperature UPS operates from -22°F 
to 149°F. The SSG family is available in 
“ready-to-deploy” NEMA-rated enclosures 
that do not require air conditioning or heating.

Falcon Electric, Inc
www.falconups.com

11. Sewer simulation 12. ITS uninterruptible power

Leica Geosystems’ Web-based Leica 
CrossCheck service for GNSS reference station 
network integrity and deformation monitoring
now comes with enhanced visualization and 
reporting options. Dashboard and status views 
allow easy and fast interpretation of complex 
data of reference network coordinates and area
deformation. Experts at Leica Geosystems 
process monitoring data using the latest geodetic
software and algorithms to provide highly
accurate assessments of any site movement
on various types of infrastructure such as oil
platforms, bridges, or dams. Customizable reports 
can then be distributed via email or downloaded
on demand.

Leica Geosystems
www.leica-geosystems.com/crosscheck

10. Deformation monitoring
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In May, Swiss professional drone maker senseFly launched the eXom 
quadcopter unmanned aerial system (UAS) for mapping and inspection 
applications. The eXom contains an array of integrated sensors that 
work together to provide users with full situational awareness and to
avoid obstacles:

• Five “navcam” vision sensors allow the operator to see in the direction 
the drone is moving — automatically via its flight control software 
— without needing to turn the system’s TripleView camera head. 
According to senseFLY, this technology, similar to the visual parking 
sensors in modern cars but brought into a 3D flight environment, is 
unique in such a lightweight UAS.
• Five ultrasonic proximity sensors work in harmony with eXom’s 
navcams to ensure the operator always knows the drone’s distance 
from nearby objects. Nevertheless, the drone’s shock-absorbent carbon 
fiber shrouding protects its rotors in case of surface contact.
• Other sensors — including inertial measurement units, barometers, 
magnetometers, GPS, and magnetic encoders — maximize the drone’s 
stability and safety, senseFLY said.

An onboard quad-core computer allows regular software updates to 
add the company’s latest drone technology. Additionally, senseFLY 
said eXom’s low take-off weight of 3.7 pounds ensures that users will, 
in many countries, have less flight authorization paperwork to deal 
with than those who use heavier systems.

eXom’s autopilot-controlled TripleView camera head enables users to 
view and record three types of imagery — high-definition video, ultra-
high-resolution photos, and thermal photos/videos — during a single 
flight without landing to change cameras. Since the TripleView head 

faces forward, eXom can fly close to target structures such as building 
walls and dams to achieve sub-millimeter data resolutions. Plus, the 
head’s 270° vertical field of view allows users to document objects 
positioned directly above and below the drone, for tasks such as bridge
and roof inspections.

eXom offers flexible flight modes:

• Autonomous mode, suited for mapping projects, involves creating a flight
plan using eMotion X’s mission blocks. eXom then launches, flies, acquires
geo-referenced imagery, and lands itself.

• Interactive ScreenFly mode (streaming video mode) is effective for live
inspection tasks. Use the supplied joypad to navigate and orient the drone
via computer screen. This mode includes flight assistance features such as
cruise control and distance lock.

• Or, create a flight plan, launch in Autonomous mode, then “go live” on
demand.

No matter which mode is activated, manual control always remains 
available as a backup function and for experienced pilots.

“We believe the eXom’s level of application-focused technology 
is unique in the civilian drone market,” said Antoine Beyeler, chief
technology officer and co-founder of senseFly. “This platform tightly 
integrates several one-of-a-kind features, such as TripleView imaging, 
advanced situational awareness, and full flight mode flexibility, to 
provide inspection and mapping professionals with the functionality
they desire from a rotary system.”

Intelligent mapping AND
inspection drone
By Bob Drake

Information provided by senseFLY (www.sensefly.com).

eXom can fly close to target structures such as dams to achieve sub-millimeter data resolutions.
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