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William N. Nickas, Editor-in-Chief

Many Ways 
to Learn

Revised July 2022

EDITORIAL

I have a colleague who says, “In times of 
uncertainty, there’s opportunity.” Well, I seem 

to think that’s exactly where we find ourselves right 
now—with opportunity!

It was hard not to notice the lack of attendees at 
this year’s Transportation Research Board (TRB) 
annual meeting in Washington, D.C. The low turnout 
was understandable, given the COVID-19 pandemic 
and the virus’s ability to morph. Still, those of us 
at the meeting had focused discussions in several 
sessions that highlighted the need to develop a 
strategy and programs to advance the engineering 
skills and abilities of the existing and upcoming 
engineering workforce. We continue to look for ways 
to surmount the age-old challenge of remaining 
up to date with the current and evolving (future) 
engineering environment. Time constraints continue 
to challenge most everyone I chatted with, but most 
concur that this is a topic we need to advance. As you 
may recall, Gregg Freeby and I discussed the National 
Concrete Bridge Council’s areas of emphasis, which 
includes knowledge dissemination, in our Winter 
2022 ASPIRE® editorial. 

With the challenge of shaping our industry’s future 
fresh in my mind, I returned to my PCI office to renew 

my focus on updating PCI’s Bridge Design Manual 
(BDM). The BDM is a living document, and, as such, 
it needs a bit of TLC from time to time. Our bridge 
community has changed in the last few years, and 
we now have a broader array of strategies to address 
in areas such as design and construction methods, 
inspection criteria, maintenance, and preservation 
(extension of service life). 

The TRB meeting and the BDM updating process 
got me thinking about how our bridge community 
can positively affect the educational challenges of our 
existing and future workforce. I’ve been exposed over 
the years to several educational delivery methods. In 
the past, most of us attended conferences and went to 
sessions to discover the latest thinking. Then along came 
webinars with limited audience questions and answers. 
Like you, I am most familiar with self-study, eLearning, 
distance learning, and instructor-led training (ILT) 
programs. I define these programs as follows: 

• Self-study—increasing one’s fundamental 
knowledge and proficiency through self-paced 
individual research and study. 

• eLearning—computer-based educational 
programs with online interaction between 
the student and the preplanned experience. 
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On December 16, William Nickas gave the keynote speech at the Fall 2021 Sacramento 
State Precast Bridge Studio Finale at the Sacramento State Union after four integrated 
civil engineering and construction management student teams presented their design-
build projects before a judging panel and other local and national bridge industry 
mentors and representatives. Photo: Courtesy of Dr. Eric Matsumoto.

https://doi.org/10.15554/16.2


ASPIRE Summer 2022 | 3

It’s An Art Installation, 
a 3-mile Bike/Walking Path 
and an Illuminated Twin-Span 
Bridge Crossing the Hudson River. 

And, It Required Intricate Forms.

Gov. Mario M. Cuomo Bridge

Unistress Corporation

Hamilton Form created the
forms for the deck panels.

Project:

Client:

Our Role:

For more than 55 years, 
Hamilton Form has been 
helping the precast 
community meet its 
greatest challenges. 
It’s all we do. www.hamiltonform.com

sales@hamiltonform.com
817-590-2111 

Hamilton Form Company
Custom forms

Custom equipment
Practical solutions

www.hamiltonform.com
www.maxusacorp.com


4 | ASPIRE Summer 2022

CONTRIBUTING AUTHORS

July 15, 2022
Call for Papers for the  
2023 PCI Convention 

July 17–20, 2022
The International Bridge 
Conference
David L. Lawrence Convention Center
Pittsburgh, Pa.

July 31–August 4, 2022
AASHTO Committee on Materials 
and Pavements Annual Meeting
Miami, Fla.

August 9, 2022
2023 PCI Design Awards
Submission deadline

August 15–16, 2022
ASBI Construction Practices for 
Segmental Concrete Bridges 
Seminar
Seattle Airport Marriott
Seattle, Wash.

August 28–31, 2022 
AREMA 2022 Annual  
Conference & Expo 
Colorado Convention Center
Denver, Colo.

September 12–17, 2022
PTI Certification Training: All Levels
DoubleTree by Hilton Denver Central Park
Denver, Colo.

September 20–24, 2022
PCI Committee Days Conference
Loews Chicago O’Hare Hotel
Rosemont, Ill.

October 4–7, 2022
PTI Committee Days
JW Marriott Cancun Resort & Spa
Cancun, Mexico

October 31–November 2, 2022
ASBI 2022 Annual Convention  
and Committee Meetings
Hyatt Regency
Austin, Tex.

Dr. Oguzhan Bayrak is a 
professor at the University 
of Texas at Austin and was 
inducted into the 
university’s Academy of 
Distinguished Teachers in 
2014.

Dr. Abdeldjelil Belarbi is 
Hugh Roy and Lillie Cranz 
Cullen Distinguished 
Professor at the University 
of Houston and is actively 
engaged in the standards 
writing of AASHTO and 
ACI Committee 318.

Rizia da Cruz Ferreira is a 
Transportation Engineer–
Civil with Bridge Design, 
Division of Engineering 
Services, for the California 
Department of Transporta-
tion in Sacramento.

Michael Fitzpatrick is 
bridge aesthetics design 
leader with HDR in Irvine, 
Calif.

Dr. Antonio Nanni is the 
Inaugural Senior Scholar, 
professor of civil 
engineering at the 
University of Miami. He 
currently serves as vice 
president of ACI.

Jimmy Vincent is a 
transportation project 
designer with HDR in Los 
Angeles, Calif. 

Dr. Robert (Rob) Zobel is 
the coordinator of the 
FHWA’s Long-Term Bridge 
Performance Program at 
the Turner-Fairbank 
Highway Research Center 
in McLean, Va. He has 
been involved with the 

program in various capacities since 2011. 

CONCRETE CALENDAR FOR SUMMER 2022
The events, dates, and locations listed were accurate at the time of publication 

but may change as local guidelines for gatherings continue to evolve. 
Please check the website of the sponsoring organization.

The National Concrete Bridge Council (NCBC), with its 
supporting member organizations, is pleased to bring you this 
summer’s premier virtual workshop series on concrete bridges 
and how to repair, maintain, and extend their life cycle.
All Webinars will be 2:00 – 3:30 p.m. EDT

Date: July 7th, 2022

Evaluating 
Concrete Bridges02

Date: August 18th, 2022

Strengthening 
Bridge Assets05

Date: June 23rd, 2022

Fundamentals 
of Concrete01

Date: August 4th, 2022

Concrete Repair
10104

Date: July 21st, 2022

Analyze, Design & 
Select the Solution03

Date: September 1st, 2022

Delivering Long-Term 
Bridge Protections06

The 6-part series, supported by Structural Technologies, includes interactive sessions 
with industry experts sharing proven methodology which identifies root causes of is

Brought to you by:

EDITOR’S NOTE:
Following publication of the Spring 2022 
issue of ASPIRE, a few errors were found in 
the Project Profile article on the Lake Tillery 
Bridge (pages 18–21) and the related Creative 
Concrete Construction article (page 53). 
Updated versions of these articles have been 
posted online. ASPIRE apologizes for the error.

http://nationalconcretebridge.org


2023 PCI Convention
 and Technical Conference

Call for Papers and Presentation

February 21–25, 2023 Columbus, OH  
For more information visit www.pci.org/callforpapers

Abstracts of technical papers or presentations are now being accepted for the 2023 
PCI Convention and Technical Conference held in concurrence with The Precast Show 
in Columbus, Ohio.

The PCI Convention and Technical Conference is the premier national venue for 
the exchange of ideas and state-of-the-art information on precast and prestressed 
concrete design, fabrication, and construction. The event provides an outstanding 
opportunity for networking, education, and sharing ideas. 

Abstracts may be submitted on any topic relevant to precast concrete, with abstracts 
focusing on the high performance of precast given preference. Full manuscripts of 
peer-reviewed papers will be published online in the Conference proceedings, but only 
abstracts are required for presentations. Don’t miss out on this excellent opportunity 
to share your knowledge. Submit your abstract today! 

Submit your abstract to https://www.softconf.com/m/pci2023
Submission deadline is July 15, 2022
Papers will be due October 15, 2022.

VISIT PCI.ORG/DESIGNAWARDS FOR MORE INFORMATION AND SUBMISSION DETAILS.

Entries open on May 9, 2022. Join us in our search for 
excellence and submit your projects electronically by

August 9, 2022.

Sponsored by

THE PCI DESIGN AWARDS IS NOT JUST 
LOOKING FOR DESIGN EXCELLENCE,
but  also for projects with outstanding use of precast 
concrete. PCI looks  for projects that push the  envelope 
and advance the precast concrete industry.

The PCI Design Awards program will showcase the  
winning projects in multiple ways:
■ PCI Convention reception
■ Full coverage in PCI Journal, Ascent, and Aspire magazines
■ Opportunity to appear on the front cover 

and/or as a project feature of Ascent
■ Exclusive project video
■ Exclusive project profi le
■ Exclusive website page
■ Coverage in external, local, and national magazines

CALL FORENTRIES
2023 PCI
DESIGN AWARDS

www.pci.org/designawards
www.pci.org/callforpapers


FOCUS

To build better, longer-lasting bridges, 
we turn to concrete. But how do we 
enable the concrete industry to achieve 
success on every project, at every stage?

The mission of the newly formed 
Concrete Bridge Engineering Institute 
(CBEI) in Austin, Tex., is to serve the 
concrete bridge community as the 
leading resource on the industry’s most 
pressing issues. CBEI seeks to accomplish 
th i s  miss ion through extens ive 
collaboration and training across a wide 
range of concrete-related topics.

This massive undertaking to further the 
design, construction, and maintenance 
of concrete bridges is long overdue. To 
solve the infrastructure problems that 
plague every state, work needs to start 
now. The place to go for help will be 
CBEI.

Initially, the infrastructure for CBEI 
will be primarily located within the 
University of Texas at Austin. CBEI will 
work closely with existing groups and 
resources at the university such as 
the Ferguson Structural Engineering 
Laboratory,  the  Laboratory  fo r 
Infrastructure Materials Engineering, 
the Smart Structures Research Group, 
and the Mechanics, Uncertainty, and 
Simulation in Engineering Group. CBEI 
will also engage subject matter experts 
and resources at other universities and 
elsewhere.   

The CBEI framework will allow extensive 
col laborat ion across the design, 
construction, and concrete supplier 
industries in the effort to design, 
replace or repair bridges in the United 
States. This national resource will offer 
something for everyone in the concrete 
bridge community. Industry veterans, as 
well as newcomers and recent graduates, 
can benefit from training opportunities.

Born of Necessity
Oguzhan “Ozzie” Bayrak, professor of 
structural engineering at the University 
of Texas at Austin, is leading the 
efforts to make CBEI’s mission a reality. 
In his opinion, the challenges we are 
facing in the United States related to 
infrastructure are immense—as are 
the opportunities. Now is the time to 
ramp up the workforce to make the 
most of billions of dollars of highway 
construction in the pipeline.

As the industry works toward more 
resilient infrastructure, and with help 
from the Infrastructure Investment 
and Jobs Act at the national level, 
best practices need to be reviewed, 
and knowledgeable engineers and 
technicians need to be engaged at every 
phase of design and construction. 

The CBEI training center wil l  f i l l 
the need for hands-on training of 
construction industry professionals. 

Many professionals skip or hurry 
through tra in ing or educat ional 
opportunities because they think that 
their experience will see them through 
this new wave of work. However, lack 
of training can lead to errors or to the 
best solutions being overlooked. There 
is a need for the transfer of in-depth 
knowledge that cannot be found in 
a webinar or a how-to video, and for 
experts to train the trainers of the 
next generation of professionals on 
the latest materials and technology. 
For example, the Texas Department 
of Transportation estimates that 1000 
inspectors would benefit from the 
bridge deck construction certification, 
and an equal number of consultants 
would also require this training for their 
anticipated work. To understand the 
correct procedures, it is crucial to be 
able to visually observe and participate 
in the processes in person. That 
in-person component cannot be fully 
duplicated through a webinar.

The proposed Concrete Bridge Engineering Institute’s Post-Tensioning Academy will 
provide hands-on experiential learning about all aspects of post-tensioning systems: 
system details and layout, specifications, installation, tensioning, grouting, testing, 
inspection, remediation, and new technologies. All Photos: The Concrete Bridge 
Engineering Institute and Ferguson Structural Engineering Laboratory at the University 
of Texas at Austin.

Bridging the Gap

by Monica Schultes

The newly formed Concrete Bridge Engineering Institute aims to fill the need for hands-on training 

of bridge design and construction industry professionals
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CBEI will also operate as a clearinghouse 
to identify promising new materials 
and technologies and to share best 
practices from other countries or states. 
For example, where can contractors 
learn about the proper installation of 
electrically isolated tendons, which are 
just entering the marketplace? At the 
CBEI, they will get a level of instruction 
that does not currently exist anywhere 
else in the United States.

The preceding examples are real, 
significant needs, and they represent 
just a few of the knowledge gaps that 
need to be filled.

The First Three Pillars of 
Learning
Based on the needs articulated by state 
and federal agencies as well as industry 
professionals, CBEI will focus initially on 
three areas, or “pillars of learning,” with 

provisions for future topics. The first 
pillar is the Concrete Materials Academy. 
Its launch date is set for January 2023, 
when the first classes will be offered. 
The second and third pillars are the the 
Bridge Deck Construction Inspection 
Program and the Post-Tensioning 
Academy. The Bridge Deck Construction 
Inspection Program and Certification 
will begin in September 2023, with the 
Post-Tensioning Academy following 
shortly thereafter in January 2024.

These areas of concentration were 
gleaned from industry input. States 
identified bridge deck construction as 
their number one interest, while industry 
professionals also face challenges with 
post-tensioning and grouting details 
and techniques. Each program will be a 
stand-alone offering, so practitioners can 
choose the course or courses that best 
suit their needs.

Continuing Education
While there is a plethora of continuing 
education opportunities for industry 
professionals, it is often difficult to 
match high-quality learning experiences 
accompanied by hands-on training with 
the right audience. CBEI plans to fill that 
gap for the concrete industry. Its efforts 
will supplement the ongoing efforts 
of groups such as Precast/Prestressed 
Concrete Institute, the Post-Tensioning 
Institute, the American Segmental 
Bridge Institute, and the Federal 
Highway Administration.

This is the first article in a planned series 
of articles exploring the potential impact 
of CBEI on the construction industry and 
the nation’s infrastructure. An article in 
the next issue of ASPIRE® will explore 
how the pooled-funding approach can 
be used to initiate and sustain CBEI 
programs.  

The Concrete Bridge Engineering Institute training center is 
starting to take shape in Austin, Tex., with the construction of 
support slabs for the new facilities that will house the institute, 
including the Concrete Materials Academy, which is slated to 
open in January 2023.

With bridge decks a top priority, state departments of 
transportation are expected to welcome the Bridge Deck 
Construction Inspection Program. The Concrete Bridge 
Engineering Institute will use full-scale components to simulate 
the hands-on inspection of decks as well as review best practices.

The Concrete Bridge Engineering Institute’s Bridge Component Library will contain actual bridge components as well as 
samples from research projects. These full-size pieces taken from bridges that have been removed from service will be 
used for training and demonstrations, and to illustrate problems and their solutions.
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At the California Department of 
Transportation (Caltrans), we are 
committed to developing new engineers 
to journey level as quickly as possible. 
How do we accomplish this? Through a 
combination of a rotation program and 
training. 

The Transportation Engineer–Civil 
(TE-Civil) Rotation Program is mandatory 
for all newly hired, permanent, full-
time TE-Civil employees. The objectives 
of the program are to enhance 
knowledge of engineering diversity 
within Caltrans and to develop 
essential engineering skills necessary 
for successful job performance. Within 
the Division of Engineering Services 
(DES), engineers can gain experience 
and develop relationships in three 
rotation assignments: bridge design, 
structure construction administration, 
and a supplemental assignment in 
another functional unit. These units 
are geotechnical engineering, materials 

engineering and test ing, project 
management, design of anci l lary 
structures, earthquake engineering, and 
bridge maintenance and inspections. 
The purpose of the bridge design and 
structure construction administration 
rotations is to provide an understanding 
of how a bridge is designed and 
constructed, and how to produce 
quality contract documents. Meanwhile, 
the purpose of the supplemental 
assignment is to expand the engineer’s 
understanding of the other functional 
units and how they provide key design 
information and support to successfully 
deliver quality projects. The TE-Civil 
Rotation Program provides well-rounded 
knowledge. 

A new engineer has a rotational 
status until they complete all rotation 
assignments, which usually occurs 
within the first five years. The first 
rotation assignment, also known as 
the probation period, is within the unit 

of the hiring supervisor and lasts 12 
months. The second and third rotation 
assignments last 9 months each and 
are either in a bridge design section, 
structure construction administration 
section, or another DES functional unit 
that was not previously completed. 
Before rotating into a bridge design 
branch, the engineer is expected to 
complete the Bridge Design Academy. 
The academy is a key element of 
the bridge design rotation. The goal 
is to provide a successful and positive 
experience in the bridge design rotation 
by developing well-trained, competent, 
and proficient designers who can design 
bridges that meet code requirements 
and are safe for the traveling public. 
The Bridge Design Academy has been 
offered since the 1960s, when Caltrans 
used to be the Department of Public 
Works, Division of Highways. 

The academy evolved over time and 
has been offered in different formats 

The Bridge Design Academy 
at the California Department 
of Transportation
by Rizia da Cruz Ferreira, California Department of Transportation 

Students, a few instructors, and two California Department of Transportation Deputy Division Chiefs at the Winter 2019 Bridge Design 
Academy. All Photos: Caltrans.
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in different eras. In the first era, when 
engineers were transitioning from slide 
rules to calculators—from the 1960s 
to the late 1980s—the academy was a 
correspondence course. New engineers 
had homework assignments from the 
Caltrans Manual of Bridge Design 
Practice and other published guidance 
materials. The homework had to be 
done after work hours, mailed in if the 
engineer did not work in Sacramento, 
and graded. This course was self-
paced and an informal requirement for 
promotion to Assistant Bridge Engineer. 

The second era started in the early 
1990s, when the Bridge Department 
carried out a mass hiring effort and 
saw the need to establish a mandatory 
6-week academy, taught as a design 
course by specialists in an interactive, 
hands-on classroom setting. It covered 
the major topics in bridge design: layout 
and surveys, loads, reinforced concrete, 
prestressed (pretensioned and post-
tensioned) concrete, steel, substructure, 
foundations, seismic concerns, detailing 
and plan sheets, earth-retaining systems, 
and quantities and estimates. This was 
a continuous, fully inclusive academy 
with homework assignments (mostly 
completed in class), team-building 
activities, a field trip to the Pomeroy 
precast, prestressed concrete plant, a 
capstone project, a graduation ceremony 
with attendance from management, a 
barbecue celebration, and much more. 
Because bridge design was not taught 
at many universities at the time, the 
Caltrans Bridge Design Academy became 
very popular, with more than 400 people 
on the waitlist, including engineers 
from both private companies and 
agencies such as the Federal Highway 
Administration and other departments 
of transportation. During this era, the 
academy was offered five times per year 
in Sacramento. Engineers traveled from 
other parts of the state and country 
to attend this well-regarded academy. 
In the early 2000s, personal computers 
were introduced, and the academy was 
extended to 8 weeks to include hands-on 
software training. 

The third era started in 2009, when 
budget cuts resulted in limited training 
and travel opportunities. Caltrans did 
not want to stop offering the academy, 
so it collaborated with the California 
State University, Sacramento, to develop 

an online course. This was a self-paced, 
condensed version of the academy. 
However maintaining and updating 
the course became a challenge as the 
pace of technological obsolescence was 
greater than anticipated. 

In 2019, DES management addressed 
the knowledge vacuum created by 
increased retirements and hiring of new 
staff by revamping the 8-week academy 
and offering it twice a year. This was the 
beginning of the fourth era. We realized 
we needed to bring back the classroom 
environment, with hands-on training 
and specialists as instructors. Parts of 
the online course became prerequisites, 
and we adjusted the length of the 
academy to 7 weeks, covering the 
previous bridge design topics as well 
as additional design, project delivery, 
and project engineering topics such 
as load ratings, maintenance design, 
environmental engineering, planning, 
accelerated bridge construction, quality 
and risk management, and internal and 
external customers. The last week is 
dedicated to the capstone project. The 
students are split into teams to evaluate 
bridge alternatives that would be most 
appropriate for specific site conditions. 
Then, each team presents its bridge-type 
recommendations to their classmates, 
instructors, and management. The 
objective of the capstone project is to 
foster collaboration and tie everything 
that was learned in the academy into a 
real-life bridge project.

Then COVID-19 came along in 2020. 
Classroom gatherings were prohibited, 
and we had to convert the in-person 
academy into a virtual academy. 
We tried to replicate a classroom 
environment by using online l ive 
instruction, with the same instructors 
and topics, but faced many challenges. 
The first challenge we had to overcome 
was getting familiar with an online 
conferencing platform. We used polling, 
breakout rooms, and conversations in 
the chat panel for a more interactive 
experience. The biggest challenge with 
the virtual environment was keeping 
the students engaged during the 
continuous 7-week course. 

Now, we are starting a new era of the 
academy back in the classroom. In an 
effort to make improvements, we 
replaced the existing online course 

prerequisites (which were no longer 
supported because the software was 
obsolete) with PCI eLearning courses. 
These courses, some of which were 
sponsored by the U.S. Department of 
Transportation and balloted by PCI, were 
selected because they offer excellent 
learning materials related to bridge 
design. Created and reviewed by a team 
of subject matter experts, the courses 
provide at no cost a convenient and 
uniform process of training and review 
to the bridge design and construction 
community. The PCI courses have clear 
learning objectives, well-organized 
outlines, quizzes, lesson summaries, 
spoken and written narration, and many 
resources. Each course is followed by an 
exam that students must pass to receive 
course credit and a certificate.

To enroll in the Caltrans Bridge Design 
Academy, engineers must complete 

The PCI eLearning Center offers courses 
that help bridge designers become more 
proficient. There are four series—Precast, 
Prestressed Bridge Girders; Bridge 
Geometry; Full-depth Precast Concrete 
Deck Panels; and Lateral Stability of 
Precast, Prestressed Concrete Bridge 
Girders—each with multiple courses.

The courses are based on the content 
of AASHTO LRFD and PCI publications. 
Although the courses are designed 
for an engineer with 5 or more years 
of experience, a less-experienced 
engineer will find the content very 
helpful for understanding concepts and 
methodologies.

The 10 PCI eLearning courses that 
engineers in the Caltrans Bridge Design 
Academy must complete are: 
• Preliminary Precast, Prestressed 

Concrete Design (T110)
• Bridge Geometry—Fundamentals of 

Roadway Geometry (T505)
• Bridge Geometry—Working with 

Horizontal Alignments (T510)
• Bridge Geometry—Straight Bridges 

(T515)
• Basic Prestressed Concrete Design, 

Parts 1–6 (T100 series)

All courses on the PCI eLearning Center 
are offered at no cost. Go to https://oasis.
pci.org/Public/Catalog/Home.aspx?tab=2.

PCI eLearning Courses
Related to Bridges

https://oasis.pci.org/Public/Catalog/Home.aspx?tab=2
https://oasis.pci.org/Public/Catalog/Home.aspx?tab=2
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10 PCI eLearning courses that cover 
preliminary precast, prestressed concrete 
design, bridge geometry, and basic 
prestressed concrete design. The goal 
is for the PCI courses to prepare the 
students for the rigors of the Bridge 
Design Academy. Caltrans offers 
other academies, such as the Resident 
Engineer  Academy,  Profess ional 
Engineer Academy, Project Management 
Academy, Survey Academy, and 
Environmental Academy; however, the 
Bridge Design Academy is the longest-
running and probably the most rigorous 
program. So, completing the PCI courses 
is a great precursor to this academy. 

No matter the circumstances or the 
format, the Caltrans Bridge Design 
Academy has benefited thousands of 
engineers. A recent student recalled, 
“My experience at the Bridge Design 
Academy felt like a once-in-a-lifetime 
opportunity to participate in a crash 
course in bridge design that most 

engineers covet taking. Having designed 
a couple of dozen bridges while 
working in the private sector, I have a 
solid background in bridge design, yet I 
still learned a lot from each class. Each 
design topic was followed by a class 
activity that reinforced the advanced 
lesson for each session. I enjoyed that 
the classes were taught by multiple 
practicing engineers. It was nice of 
them to take the time off their daily 
task to share and teach the skills of the 
trade. Developing a network with fellow 
students and getting to know most of 
the subject matter experts to collaborate 
with later when complex design issues 
arise also helped me as a designer.” 

As a former student myself, I can also 
say that the Bridge Design Academy was 
the best investment of my engineering 
career. The hands-on training I received 
and the network I formed set me up 
for a successful career and I am very 
grateful to have had that opportunity. 

At Caltrans, we believe the employees 
are worth the time, cost, and effort 
of proper training. We offer many 
training opportunities that promote 
professional development, and we 
continuously seek to improve them 
as part of our quality management 
system. At the Bridge Design Academy, 
we evaluate the effectiveness of each 
course with pre- and post-course 
exams, and evaluations from each 
student. Feedback from the students 
is very valuable because it tells us what 
areas need improvement. As one of 
the current instructors at the academy, 
I can say that the course materials 
and agenda are revised every time 
the academy is offered, based on the 
feedback from the students.

Caltrans will continue to invest in 
developing a highly knowledgeable, 
e xpe r i enced ,  and  p ro fe s s i ona l 
workforce, through the TE-Civil Rotation 
Program and specialized training. 

American Segmental  Br idge Inst i tute

Segmental  Br ings Inspirat ion to L i fe.Segmental  Br ings Inspirat ion to L i fe.
Systems are available to deliver form and function  
to maximize efficiency in a timely and economic fashion. 

For information on the benefits of segmental bridge construction and ASBI membership visit: www.asbi-assoc.org
Promoting Segmental Bridge Construction in the United States, Canada and Mexico

Construction Practices Handbook, New 3rd Edition

August 16, 2022 – Seattle, Washington
2022 Construction Practices Seminar 
Please Check the ASBI Construction Practices 
Seminar and Events Page for Registration Details.

This “How-To Handbook” was developed with the purpose of providing 
comprehensive coverage of the state-of-the art for construction and 
inspection practices related to segmental concrete bridges.

The Construction Practices Handbook is a FREE pdf down-
load. This link www.asbi-assoc.org/index.cfm/publications/
handbook-download will take you to the registration form to 
complete the download.

Guidelines for Design and Construction  
of Segmental Bridges for Rail 
These guidelines provide guidance to the industry (owners, designers, 
suppliers, contractors, and others) on considerations when using a 
concrete segmental-type bridge to carry rail, including transit rail, 
heavy or freight rail, and high-speed rail.

The publication is a FREE pdf download. This link www.asbi-assoc.org/
index.cfm/publications/rails-download  will take you to the registration 
form to complete the download.

Upcoming Events: 
Oct. 31 - Nov. 2, 2022 –
34th Annual Convention 
Please Check the ASBI Website Events 
Page for Details of 2022 Event.

ASBI Monthly Webinars
Monthly Webinars resumed in February of 2022! 
Registration is free and PDH certificates will be 
issued for all attendees of the live sessions. All 
webinars are planned for the last Wednesday 
of each month from 1:00-2:00 ET. Access to past 
webinars and registration for future webinars 
can be found on the ASBI events page.

ASBI Events Webpage

22004_ASBI_Aspire_Half_pg_Summer_2022.indd   122004_ASBI_Aspire_Half_pg_Summer_2022.indd   1 5/11/22   2:26 PM5/11/22   2:26 PM

https://www.asbi-assoc.org/index.cfm
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Corrosion of carbon steel reinforcement 
or prestressing strands results in the 
deterioration of concrete structures 
and is one of the major challenges 
faced by bridge structures. Carbon steel 
reinforcement in concrete bridges and 
other structural elements can corrode 
due to environmental factors, especially 
in marine environments and cold 
regions where deicing salts are used. 
Reinforcement corrosion can lead to 
failures, which endanger public safety 
and have significant economic impacts—
owners may spend billions of dollars for 
inspections, maintenance, repair, or even 
decommissioning and reconstruction. 
Viable corrosion-resistant alternatives on 
the market include, but are not limited 
to, various types of fiber-reinforced 
polymers (FRPs), epoxy-coated steel, 
galvanized steel, high-chromium steel, 
and different types of stainless steel. 
This article focuses on FRP and stainless 
steel types of reinforcement and their 
applications in bridge design. 

To il lustrate the implications and 
challenges of using these sorts of 
materials, Fig.  1 compares the stress-
strain relationships of various types 
of FRPs and stainless steel as well as 
conventional carbon steel used for 
reinforcement in concrete.

FRP Materials
Almost four decades ago, researchers 
and designers introduced FRP as a 
viable alternative to steel reinforcement. 
However, the use of any new material 
in bridge construction depends on the 
availability of guide specifications. For 
instance, the American Association of 
State Highway and Transportation 
Officials’ AASHTO LRFD Design Guide 
Specifications for GFRP-Reinforced 

Concrete1 provides design provisions 
for the use of glass-fiber-reinforced 
polymer (GFRP) reinforcing bars, which 
facilitates the use of GFRP products in 
concrete bridge structures (Fig.  2). (See 
the Creative Concrete Construction 
article in the Summer 2020 issue 
of ASPIRE ® for an example of the use 
of GFRP reinforcement in bridges.) 
GFRP reinforcing bars are currently 
manufactured in sizes no. 2 to 11. One 
of the most remarkable differences 
between GFRP and steel reinforcing 
bars is that the external deformations 
of the GFRP bars are not standardized. 
Instead, to ensure appropriate bond to 
concrete, the manufacturer provides bar 
surface deformations such as molding 
deformations with the bar or winding 
fibers around the bar. Surface profiles for 
GFRP bars are also not standardized as 
they are for steel bars.

Carbon-f iber- re inforced polymer 
(CFRP) strands have been used in the 
design and construction of prestressed 
concrete girders, piles, and other 
members. CFRP has a guaranteed 
ultimate tensile strength that typically 

Design of Corrosion-Free Concrete Structural 
Elements Using Fiber-Reinforced Polymer 

and Stainless Steel Reinforcements
by Dr. Abdeldjelil Belarbi, University of Houston, and Dr. Antonio Nanni, University of Miami

Figure 1. Comparison of the stress-strain relationships of several types of reinforcing 
bars and prestressing strands. Note: BFRP = basalt-fiber-reinforced polymer; CFCC = 
carbon-fiber composite cable; CFRP = carbon-fiber-reinforced polymer; CS = carbon 
steel; GFRP = glass-fiber-reinforced polymer; HSSS = high-strength stainless steel; SS = 
stainless steel. Figure: University of Houston.

Figure 2. Glass-fiber-reinforced polymer reinforcement for a cast-in-place, continuous flat- 
slab bridge. Photo: Christian Steputat.
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exceeds 350 ksi, which is greater than 
the 270 ksi ultimate tensile strength of 
conventional prestressing steel strands. 
However, CFRP reinforcement—unlike 
conventional reinforcement—remains 
elastic until failure, which means it is a 
brittle material. CFRP reinforcement is 
also relatively expensive and has some 
challenges regarding anchorage when 
used for prestressing (pretensioned 
and post-tensioned) concrete. In 2018, 
AASHTO published its first design 
specifications for prestressing concrete 
elements using this material.2

Research has shown that despite CFRP’s 
brittleness, prestressed concrete girders 
using CFRP can exhibit relatively large 
deformations at ultimate strength.3

Figure  3 compares test results of 
two prestressed concrete beams: one 
with CFRP strands and the other with 
conventional steel strands. AASHTO Type 
I beams with an 8-in.-thick by 3-ft-wide 
deck were loaded at two points spaced 
5 ft apart at the center of the span, 
which was 38.5 ft. The beams were 
pretensioned with eight 0.6-in.-diameter 
strands. Both beams had the same 
concrete compressive strength and were 
designed as tension controlled. The beam 
with the CFRP strands exhibited strand 
rupture failure, whereas the beam with 
the conventional steel strands failed due 
to concrete crushing after steel yielding. 
The jacking stress of CFRP was limited to 
70% of the guaranteed ultimate tensile 
strength fpu (which was 370 ksi for the 

strands used), and the resistance factor 
ϕ for flexure was 0.75 to address the 
brittle strand behavior. When the area of 
prestressing strands is equal in both test 
beams, the cracking moment Mcr, the 
factored nominal moment ϕMn, and the 
ultimate deflection are comparable (Fig. 
3). The experimental test results were 
within 5% of predicted values.

FRPs have been used not only for flexural 
reinforcement but also as stirrups 
(Fig.  4). Perhaps one of the greatest 
challenges to the full deployment of FRP 
reinforcement is that bent shapes must 
be created during manufacture, before 
polymerization of the thermoset resin. 
Polymerization of the resin is irreversible; 
therefore, bends must be made while 
the resin is still viscous—it is impossible 
to bend or straighten a bar on site. 

This characteristic of FRP reinforcement 
makes procurement difficult and can 
result in significant time delays if errors 
are made in bending the bars, or if bars 
are damaged during shipping or at the 
construction site. Additionally, the bar 
strength at a bend is significantly lower 
than that of the straight portion. 

Stainless Steel Materials
The corrosion resistance of stainless steel 
reinforcement is much superior to that of 
conventional carbon steel reinforcement. 
By using stainless steel reinforcing bars, 
structures can achieve a service life of 100 
years or more. Even though the availability 
of stainless steel reinforcement may be 
more limited than that of conventional 
or epoxy-coated reinforcement, there 
are many stainless steel reinforcement 
manufacturers and suppliers worldwide. 

Figure 3. Comparison of load-deformation relationships and failure types of girders prestressed with carbon-fiber-reinforced polymer 
strands and conventional carbon steel strands. Note: CFRP = carbon-fiber-reinforced polymer. Ap = area of prestressing steel; Apf = area of 
prestressing CFRP; ffj = initial tensioning stress of CFRP; ffpu = ultimate tensile strength of CFRP; fpj = initial tensioning stress of prestressing 
steel; fpu = ultimate tensile strength of prestressing steel; Ø = diameter; ϕ = resistance factor; εf = strain in prestressing CFRP; εp = strain in 
prestressing steel. Figure: University of Houston. (see also Reference 3)

Figure 4. Assembly of the glass-fiber-reinforced polymer reinforcement cage for a cast-
in-place concrete bent cap. Photo: Christian Steputat.
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There are many types of stainless 
steel (for example, alloys 2205, 2304, 
316, and 316L). Because the different 
types of stainless steel have different 
mechanical and corrosion-resistant 
characteristics, attention must be paid 
to the intended use. For stainless steel 
prestressing strand, it is recommended 
to use only high-strength duplex alloy 
2205. These low-relaxation strands are 
produced in Grade 240 with a modulus 
of elasticity of about 24,000 ksi and 
typically have a total elongation at 
rupture of about 1.6%. Consequently, 
prestressed concrete members with 
high-strength stainless steel alloy 2205 
strands can have reduced ductility 
and require a lower ϕ factor than 
prestressed concrete members with 
conventional steel strands.

Relevant NCHRP Projects
To advance the use of novel materials, 
the National Cooperative Highway 
Research Program (NCHRP) has initiated 
three multiyear projects with the goal 
of developing recommendations for 
AASHTO LRFD bridge design, materials, 
and construction specifications. The first 
project, NCHRP 12-97, covered the use of 
CFRP strands for prestressing. This project 
was completed in 2018, and design and 
materials specifications were developed 
and published in NCHRP Report 907, 
Design of Concrete Bridge Beams 
Prestressed with CFRP Systems.3 The 
second project, NCHRP 12-120: Stainless 
Steel Strands for Prestressed Concrete 
Bridge Elements, has similar goals but 
focuses on high-strength stainless 
steel alloy 2205 strands. This project is 
currently scheduled to be completed in 
April 2023. The third project, NCHRP 
12-121: Guidelines for the Design of 
Prestressed Concrete Bridge Girders Using 
FRP Auxiliary Reinforcement, investigates 
the use of GFRP, CFRP, and basalt-
fiber-reinforced polymers as auxiliary 
reinforcement in prestressed concrete 
girders. It is currently scheduled to be 
completed in April 2024. 

NCHRP 12-97
The objective of this project was to 
develop design and material guide 
specifications in the AASHTO LRFD 
format for concrete beams prestressed 
with CFRP strands or bars, using either 
pretensioning or post-tensioning 
(bonded or unbonded). The design of 
concrete bridge members prestressed 

with CFRP systems depends on several 
factors such as CFRP material properties, 
load transfer mechanisms, anchorage 
propert ies,  sustained loads, and 
environmental conditions. In the report, 
design requirements for serviceability 
and strength are addressed using stress 
limits for CFRP strands and bars. Design 
considerations covered in the report 
include harped strand configurations, 
prestress losses, durability, fatigue, 
bond, transfer and development 
lengths, and unbonded prestressing. 
The design of CFRP prestressed concrete 
requires special attention to address the 
unique requirements associated with 
the use of a high-strength, elastic, 
brittle, orthotropic, composite material. 
These complexities of material behavior 
require tailored design guidelines and 
specifications.

NCHRP 12-120
The overall objective of this research 
is to develop design guidelines and 
construction specifications in AASHTO 
LRFD format for the use of stainless 
steel strands in prestressed concrete 
members. Superior corrosion-resistant 
characteristics of stainless steel strands 
come with some drawbacks compared 
with conventional carbon steel strands: 
lower ultimate tensile strength, lower 
modulus of elasticity, lower ultimate 
strain (ductility), and increased notch 
sensitivity. Given these differences, 
the project is addressing factors such 
as tensioning stress limits, harped 
strands, bond characteristics, transfer 
and development lengths, prestress 
losses, and creep-rupture of prestressing 
strands. The design of bridge elements 
other than beams, including piles and 
slabs, is also covered. (See the Concrete 
Bridge Technology articles in the Spring 
2018 issue of ASPIRE, which address 
aspects of stainless steel strand in 
structural design and considerations for 
fabrication of prestressed concrete piles 
using stainless steel strand.)

NCHRP 12-121
The main objectives of this research 
project are to propose modifications 
to the two referenced AASHTO FRP 
guide specifications1,2 and to develop 
guidelines for the design of prestressed 
concrete girders using FRP auxiliary 
reinforcement. The intended outcome 
of this study is to offer guidance so 
that engineers can confidently use 

FRP auxiliary reinforcement with the 
corrosion-resistant prestressing strands 
evaluated in NCHRP 12-97 and NCHRP 
12-120 to provide safe, economical, and 
durable prestressed concrete structures 
in aggressive environments. Topics 
considered include: 
• Properties of FRP reinforcement with 

glass, basalt, and carbon fibers 
• Shear behavior of prestressed 

concrete bridge girders with FRP 
shear reinforcement

• Use of FRP reinforcement for 
interface shear, anchorage zone, 
confinement, and web-splitting 
reinforcement

• D e t a i l i n g  o f  F R P  a u x i l i a r y 
reinforcement

Conclusion
The use of these corrosion-resistant 
materials for concrete bridge elements 
requi res  recons iderat ion of  the 
conventional design approaches as 
the material properties of both FRP 
and stainless steel reinforcement are 
significantly different from those of 
conventional reinforcement. These 
differences affect the design approach, 
but the deformability of concrete 
structures using these materials can be 
comparable to traditional materials by 
adjusting design factors and methods. 
The NCHRP projects are intended to 
provide guidance that will allow use of 
these novel materials to improve the 
service life of concrete bridge structures.
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A  s i g n a t u r e  b r i d g e — n e w  o r 
replacement—is an opportunity for a 
community to express its identity and 
create a public space that resonates with 
both local residents and visitors. The 
aesthetics and design of these community 
landmarks can create beloved icons. 

Generating scrupulously authentic 
renderings of a proposed signature 
bridge is a vital tool to develop a clear 
design identity that matches the vision 
of the community stakeholders before 
the project proceeds to final design 
or construction, when changes can 
be prohibitively expensive. Vividly 
communicating the design in its 
environment promotes honesty in 
decision-making as the project progresses. 

How do you create an authentic 
representation of a proposed new 
bridge asset? By paying close attention 
to how users will experience a structure. 
Instead of idealizing the result by 
showing a helicopter view on a perfectly 
sunny day, it is often more useful to 
depict how the structure will look to 
the community in its surroundings 
from typical viewing angles and in 
typical weather. Such depictions should 
meticulously demonstrate the materials 
and structural details.

A Practical, Powerful 
Visualization Tool for 
Design and Engagement
New or replacement bridges are 
generational investments that can cost 

hundreds of millions of dollars and take 
years to develop. When a community-
driven approach is used from the very 
beginning of design, signature bridges 
can incorporate aesthetics and the user 
experience. As project teams explore the 
wide range of options a community may 
consider, realistically depicting those 
concepts as they might actually look 
and feel helps build engagement, trust, 
and credibility for a successful signature 
structure.

Realistic renderings are also practical 
tools that can be built into the project 
development plan from the start, much 
as aesthetics are integral from the start. 
These renderings are proof of concept—
they provide evidence that the design 
concept is feasible by showing how it 
will look once constructed. Therefore, 
they are a key part of a smart, carefully 
tailored approach to the design of each 
project. Designers can use the images 
in ongoing dialogue with owners, 
builders, and communities as the 
design is developed. The images help 
convey an intimate understanding of 
the site, illustrate how a new bridge 
structure affects the environment, 
and showcase what makes a bridge 
iconic. This philosophy promotes open 
communication with the public about 
how the bridge will look and feel, and 
what the public’s experience will be. 

Figure 1 is an example of a rendering 
produced for early conceptual design. It 
is structurally correct and communicates 

the form of the bridge. However, the 
cables are depicted as simple, prominent 
black lines rather than as full, colored, 
realistic shapes. A sketch-level depiction 
such as this works well enough for 
early design exploration, but it does not 
communicate the subtle visual aesthetics 
of the end result. 

Figure 2 portrays this same bridge 
with more life to it, using a photo 
backdrop and the engineering model 
of the bridge. In this view, the cables 
virtually disappear because the actual 
surfaces of the cables are rendered 
in the proposed materials and colors. 
The bridge is also shown from the 
distance and vantage point of a typical 
viewer; from this distance, the cables 
will appear almost transparent to 
the human eye. This context shows 
stakeholders the visual cues that help 
communicate the design. 

Figure 3 shows a fully developed, realistic 
image of how the bridge will look. It can 
almost be mistaken for a photograph. 
It shows the shadows, reflections, and 
typical weathering that one would expect 
on a bridge in this environment. For 
example, the piers show the demarcations 
from actual concrete placements, as 
well as the staining that would appear 
at the waterline as the water level rises 
and falls. These details are subtle, and a 
viewer might not notice them consciously. 
However, such details register subliminally, 
telling the viewer that this image shows 
the finished reality they can expect.

Authentic Renderings Build Trust 
When Designing Signature Bridges
by Michael Fitzpatrick and Jimmy Vincent, HDR

Figure 1. Sketch-level renderings are produced for early conceptual design. The image of the bridge is structurally correct, but cables 
are depicted as prominent black lines rather than as full, colored, realistic shapes. A sketch-level depiction works well enough for early 
design exploration. All Figures: HDR.



Built on Project-Specific 
Knowledge
The most effective images combine 
three-dimensional models, high-quality 
photography, and matte painting, 
applied with a cinematic eye.

Creating images begins with research 
about the site and location. There are 
a multitude of details to get right for 
the work to be effective. For example, 
the sky is important: Are there normally 
clouds? What do they look like? Also, 
what is the normal prevailing weather, 
and what are the typical trees and 
vegetation for the location? The answers 
to these questions will obviously be 
different in Honolulu than they would 
be in Minneapolis. These details are 
significant in developing an authentic 
backdrop that helps communicate the 
design.

The model from the structural design 
team is an indispensable building 
block, which must be married with 
images for the backdrop that establish 
the atmosphere and location. The 
model comes with details about the 
structure’s features such as structure 
depth, geometry,  mater ia ls ,  and 
appurtenances that must be portrayed. 
Once the model is incorporated, adding 
the fine points of localized details, such 

as highway signage or vegetation that 
will appear around the project site, 
truly brings the image to life.

Designed in Context, 
Committed to Transparency
Authent ic  v i sua l izat ions can be 
customized to their audience. Images 
intended for public discussions may 
show the bridge in a community 
context from typical viewing points, 
whereas images for a construction 
planning review might focus on 
specific construction phases, forms, or 
traffic patterns. But in all situations, 
scrupulously authentic depict ion 
contributes to building trust, open 
discussion, and well-informed decisions. 

Realistic renderings show communities 
that project owners, developers, and 
designers are meeting them where they 
live. Their bridge is designed in context. 
The approach promotes transparency and 
helps build public support. It is a valuable 
design tool for conveying aesthetics 
and design intent. And it is integral to 
a commitment to delivering a signature 
bridge that is an asset to the community, 
meets targets for cost and performance, 
drives community engagement during 
the design process and also with the 
completed structure, and contributes to 
overall quality of life.

Figure 2. Rendering an engineering model into a photo backdrop creates a more lifelike 
image of the bridge to share with stakeholders. Because the bridge is shown from the 
vantage point of a typical viewer, the cables virtually disappear when the actual surfaces 
of the cables are rendered in the proposed materials.  

Figure 3. An authentic rendering of the materials 
and scene shows a fully developed, realistic image 
of how the same bridge will look. It can almost 
be mistaken for a photograph.

This free eBook, Calculation of Interaction 
Diagrams for Precast, Prestressed Concrete 
Piles, provides context and instructions for 
the use of the 2015 revised version of the 
Microsoft Excel workbook to compute pile 
stresses, plot interaction diagrams, and 
compute lifting points of precast concrete 
piles. 

There is no cost for downloading Calculation 
of Interaction Diagrams for Precast, 
Prestressed Concrete Piles or the 2015 
workbook. However, registration is required 
so that users can be contacted when updates 
or revisions to the workbook are necessary. 

The Appendix of Calculation of Interaction 
Diagrams for Precast, Prestressed Concrete 
Piles contains detailed instructions and 
solved example problems using the 2015 
workbook. Examples are also solved using 
Mathcad to validate the workbook solution, 
and a table of results compares the two 
methods. 

Download the free publication Calculation of 
Interaction Diagrams for Precast, Prestressed 
Concrete Piles to your computer from www.
pci.org/Bookstore

The Second Edition of 

8770 W. Bryn Mawr Ave.  |  Suite 1150  |  Chicago, IL  60631-3517  |  312-786-0300  |  www.pci.org 
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profile LOHMAN EAST & WEST PROJECT BRIDGES AT CLEAR CREEK, RED ROCK WEST OVERFLOW, 
RED ROCK COULEE, AND RED ROCK EAST OVERFLOW / BLAINE COUNTY, MONTANA
BRIDGE DESIGN ENGINEER: Montana Department of Transportation, Helena, Mont.

CONSTRUCTION ENGINEER: Montana Department of Transportation, Havre, Mont.

PRIME CONTRACTOR: Schellinger Construction Co. Inc., Columbia Falls, Mont., and Sletten Construction, Great 
Falls, Mont. (bridge subcontractor)

CONCRETE SUPPLIER: Havre Sand & Gravel, Havre, Mont.

PRECASTER: Forterra Building Products, Billings, Mont.—a PCI-certified producer

The Great Depression began in 1929 
with the stock market crash and was 
made worse by the 1930s Dust Bowl. 
When President Franklin D. Roosevelt  
took office in 1933, he responded to the 
nation’s economic disaster with programs 
known as the New Deal. Among other 
initiatives, the New Deal directed funds 
to stimulate recovery through public 
works construction programs that aimed 
to employ as many people as possible 
and connect developing markets in 
agriculture and natural resources with 
an improved transportation network. 

This program changed Montana’s 
transportation landscape. Through 
funding from the New Deal, about 3000 
miles of new roads and more than 1200 
timber bridges were built in Montana.

Timber was the construction material of 
choice in Montana in the New Deal era 
for several reasons: concrete and steel 
were costly and limited in availability; 
high-quality timber was regionally 
available; timber construction could be 
achieved using a standard design and 
modular approach. At one time, timber 

bridges were built at a rate of 100 bridges 
per year. More than 400 of these timber 
bridges are still in service on Montana’s 
state highways, including many structures 
that are well over 80 years old.

Project Location and 
Description
The northern Montana communities 
in Blaine County were beneficiaries of 
the  historic New Deal program with the 
construction of what is now U.S. Route 2 
(U.S. 2), which runs east to west across 
Montana’s “Hi-Line” region through 

by Stephanie Brandenberger, Dan Maze, and Mike Moore, 
Montana Department of Transportation

U.S. Route 2 
Lohman East & West 
Roadway and Bridge 
Improvements

The Clear Creek timber bridge, which had abutment and bank scour and previously repaired timber members, needed replacement. 
Photos: Montana Department of Transportation.

New Deal–era Civilian Conservation Corps 
construction crews built about 3000 miles 
of new roads and more than 1200 timber 
bridges in Montana. Photo: Origin unknown.
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MONTANA DEPARTMENT OF TRANSPORTATION, OWNER
BRIDGE DESCRIPTIONS: Two 94-ft-long, 3-span, cast-in-place, flat-slab bridges with 45-degree skew; and two 2-span, precast, prestressed concrete 
flat-slab beam bridges, 50 and 62 ft in length

STRUCTURAL COMPONENTS: Reinforced concrete pile caps and abutment walls; cast-in-place reinforced concrete flat slabs; precast, prestressed 
concrete flat-slab beams; cast-in-place concrete barrier rails and concrete-filled pipe piles

BRIDGE CONSTRUCTION COST: Clear Creek $762,830 ($210/ft2 cast-in-place concrete); Red Rock West Overflow $766,765 ($180/ft2 precast 
concrete); Red Rock Creek $1,185,747 ($200/ft2 cast-in-place concrete); Red Rock East Overflow $464,810 ($183/ft2 precast concrete)

wide, open spaces and rich farm and 
ranch land. The Montana Department of 
Transportation’s (MDT’s) Lohman East & 
West project reconstructed 10.4 miles of 
U.S. 2 just west of the town of Chinook 
and through the community of Lohman. 
This section of roadway was originally 
constructed in 1938, and although it had 
been upgraded several times throughout 
the decades, it needed significant capital 
investment to improve the condition, 
safety, and operational efficiency of 
the roadway and bridges. Most of the 
roadway and bridges in this section were 
just 28 ft wide. 

The 10-mile stretch of roadway covered 
by the Lohman East & West project 
originally included 10 bridges. One of 
them, over the Milk River, had been 
reconstructed in 2004 following severe 
flood damage and was incorporated 
into the project; five of the minor 
timber structures would be replaced 
with culverts; and four timber bridges 
would be replaced with new concrete 
bridges. The project design also included 
new passing lanes, turning lanes, wider 
shoulders, and flatter roadway side slopes 
to improve safety, address run-off-road 
crashes, narrow bridges, and wildlife-
vehicle collisions. The project section is 
located within the limits of the Clear 
Creek, Red Rock Coulee, and Milk River 
floodplains. Limiting grade raises and 
floodplain impacts were other significant 
criteria for the types of bridges selected. 

Cast-in-Place Concrete 
Flat-Slab Bridges
Two perennial streams within the project 
limits, Clear Creek and Red Rock Creek, 
have relatively narrow channel bottom 
widths (13 and 19 ft, respectively), 
and the combined project needs at 
these locations presented significant 
challenges for the geometric design 
and engineering of the new concrete 
bridges. The meandering channels of 
these two waterways approached the 
roadway centerline at a significant skew 
angle and wound around the abutments, 
creating oxbows and pools adjacent 
to the roadway that needed to be 
addressed. To minimize grade raise and 

hydraulic impacts on the floodplain, a 
shallow superstructure was required. The 
bridge type and span arrangement also 
needed to accommodate wildlife passage 
underneath the bridge on the channel 
banks. The existing timber bridges were 
just 59 ft long with 20-ft spans. Longer 
bridges and different span arrangements 
were needed to address the numerous 
natural resource needs. 

Ultimately, a three-span, cast-in-place 
concrete flat-slab bridge was selected 
as the structure type at these two 
sites. The configuration of this bridge 
type can be customized to the complex 
geometry and provides the shallow 

Placing concrete for a 1-ft 4½- in.-thick cast-in-place flat-slab bridge. Low-slump 
concrete with 4000-psi design strength was specified to minimize cracking and 
reduce the permeability of the concrete for improved deck durability Epoxy-coated 
reinforcement was used in the deck to improve corrosion resistance and service life. 
Photo: Montana Department of Transportation.

The timber Red Rock East Overflow Bridge was within the floodplain. Its replacement required a low-profile superstructure with 
minimal grade raise as well as space for wildlife paths below. Photo: Montana Department of Transportation.
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depth required to minimize grade raise 
and floodplain impacts. The two bridges 
have the same span arrangement and 
overall length, which simplified design 
and construction. The final design was a 
three-span, continuous flat-slab bridge 
with a total length of 93 ft 9 in. built on 
a 45-degree skew to follow the channel 
orientation as closely as possible. The 
Clear Creek bridge is 42 ft 9 in. wide to 
accommodate two travel lanes, 8-ft-wide 
shoulders that provide safe passage for 
bicyclists and vehicle recovery zones, and 
a cast-in-place concrete barrier on each 
side. The Red Rock Creek bridge, which 
is within a four-lane passing section of 
the roadway, is 66 ft 9 in. wide. Each 
span of the continuous flat-slab bridges 
is 31 ft 3 in. long and 1 ft 4½ in. thick 
and is supported by integral concrete 
pile caps. A high-molecular-weight 
methacrylate sealer was applied after 
construction to seal shrinkage cracks, 
which is MDT standard practice for bare 
concrete decks.

The engineering and reinforcing steel 
design of the two flat-slab bridges was 
challenging due to the extreme skew 
angle of the supports. The significant 
width of the Red Rock Coulee bridge 
compounded the skew effects, and the 
relatively shallow span-to-depth ratio 
added even more complexity to the 
design. This seemingly simple, reinforced 

concrete section design required more 
than just the classic engineering textbook 
solutions or approximate methods. Finite 
element analysis software was used 
to develop a three-dimensional finite 
element model to perform a refined 
analysis that accounted for the skew 
effects and placement of live loads in 
multiple lanes. The ability of the program 
to represent the orientation of the slab 
and supports, apply dead loads and 
vehicular live loads to the model, and 
analyze numerous load cases quickly was 
key to making this a practical approach 
to a challenging design. The analysis 
results showed that in certain locations 
on the bridge, design stresses in the slab 
and pile cap were likely to be significantly 
larger than those determined through 
simplified, approximate design methods. 

The slab was constructed with four 
layers of epoxy-coated reinforcement 
to resist longitudinal and transverse 
flexure in the slab and torsional 

stresses in the integral cap sections. 
The reinforcement design balanced the 
maximum bar sizes (typically, no. 8 or 9 
epoxy-coated reinforcing bars) with an 
optimized spacing to facilitate concrete 
placement. Low-slump concrete with 
4000-psi design strength was specified 
to minimize cracking and reduce 
the permeability of the concrete for 
improved deck durability. With the dense 
mats of reinforcement, the low-slump 
concrete proved challenging to place, 
and repair of voids and honeycombs was 
required in some areas. 

Precast, Prestressed Concrete 
Solid Flat-Slab Beams
Two ephemeral drainages within the 
project limits presented less-complex 
geometry than the perennial creeks, 
allowing a more straightforward design 
solution. The Red Rock West Overflow 
and the Red Rock East Overflow were 
also within the floodplain and required 
low-prof i le  superstructures with 

Precast, prestressed concrete flat-slab beams were selected 
to replace the 38-ft-long timber bridges at two sites. Photo: 
Montana Department of Transportation.

Red Rock Coulee flat-slab bridge design was challenging due to the extreme skew, significant width, and relatively shallow span-to-
depth ratio. Finite-element analysis was required instead of classic engineering textbook solutions or approximate methods. Figure: 
Montana Department of Transportation.



minimal grade raise as well as space 
for wildlife paths below. A precast, 
prestressed concrete, solid flat-slab 
beam superstructure with a waterproof 
membrane and asphalt overlay was 
selected to replace the 38-ft-long timber 
bridges at these two sites. The two-span 
Red Rock West Overflow bridge, which 
is in the five-lane passing and turning 
section of the roadway, is 52 ft long 
and 80 ft 1 in. wide. The design for the 
Red Rock East Overflow has the same 
two-span superstructure arrangement, 
but the bridge is 60 ft long and 42 ft 
9 in. wide. Although of different span 
lengths, the depth and width of the 
prestressed concrete slab beams were 
the same at all locations, which allowed 
for the use of typical details for each 
structure. The asphalt overlay served the 
dual purpose of protecting the concrete 
surface of the beams from wear and 
improving the ride quality over the 
cambered prestressed concrete sections 
of each span and simple supports at the 
intermediate bent. The beams included 
integral reinforcement for a cast-in-
place concrete bridge barrier. 

The challenges related to these two 
structures mostly involved construction 

scheduling, sequencing, and material 
delivery within the broader context 
of the project. Because of the remote 
location of the project, the volume of 
concrete delivered had to be carefully 
considered in the timing of construction. 
The use of precast concrete elements 
rather than cast-in-place bridges, 
al lowed for more sequential and 
overlapping work at all four bridge 
locations and accelerated the project 
schedule overall. 

Foundations
Deep foundation systems primarily 
consisting of friction piles were used at 
all of the new bridge locations. Given 
the subsurface conditions, evaluation 
of the driven pile capacity using typical 
methods could result in widely variable 
tip elevations and pile lengths. Having 
estimated that more than 7000 ft of 
concrete-filled, 16 × ½-in. steel-pipe 
pile would be installed for the bridge 
foundations, MDT determined that 
performing a static load test on a pile 
during construction would benefit the 
project in numerous ways. The purpose 
of a static load test is to verify the pile 
capacity at the test location and take 
advantage of the lower design factor of 

safety (which is equivalent to a higher 
resistance factor), and use these verified 
test results to refine the pile design 
lengths at other locations on the project. 
The load test provided economic benefit 
by reducing risk and uncertainty of pile 
driving for both the contractor and MDT.

Conclusion
Concrete has replaced timber as the 
bridge construction material of choice 
for Montana’s rural highways. Although 
the 80-year lifespan of the timber 
bridges from the New Deal construction 
era is  remarkable,  the concrete 
bridges constructed for the Lohman 
East & West project will become part 
of a new, resilient, safe, and effective 
“Hi-Line” highway that will provide at 
least another 80 years of service to the 
people of Montana.  
____________

Stephanie Brandenberger is the chief 
bridge engineer of the Montana 
Department of Transportation Bridge 
Bureau. Dan Maze is a bridge engineer 
for the Great Falls Area bridge design 
unit and was the bridge engineer for the 
preconstruction phase of this project. 
Mike Moore is an engineering project 
manager for the Great Falls District Field 
Construction division and was the engineer 
for the construction phase of the project.
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profile PENSACOLA BAY BRIDGE / PENSACOLA AND GULF BREEZE, FLORIDA
BRIDGE DESIGN ENGINEER: WSP USA, Tampa, Fla.

PRIME CONTRACTOR: Skanska Civil Southeast, Pensacola, Fla.

CONCRETE SUPPLIER: Ready Mix USA, Pensacola, Fla.

PRECASTER: Skanska Civil Southeast, Pensacola, Fla.—a PCI-certified producer for pretensioned concrete elements

OTHER MATERIAL SUPPLIERS: Formwork: Ninive Casseforme, Italy; falsework: Mabey Inc., Elkridge, Md.; disc 
bearings and modular joints: R. J. Watson Inc., Alden, N.Y.

A major east-west transportation corridor 
and primary hurricane evacuation 
route, the aging U.S.  Route 98 (State 
Road 30) bridge crossing Pensacola Bay 
between Pensacola and Gulf Breeze, Fla., 
was nearing the end of its anticipated 
life span, and its more than 200 spans 
needed constant repairs. Also, because 
the four travel lanes were insufficient 
to carry the daily traffic count of 
approximately 55,000 vehicles, there 
was constant traffic congestion. Using 
life-cycle cost analyses, the Florida 
Department of Transportation (FDOT) 

concluded that replacement of the 
1960s-era structurally deficient structure 
would be the most cost-efficient option.

To meet the increased traffic demands, 
FDOT decided that  the new Pensacola 
Bay Bridge would be constructed on 
a predominantly tangent, parallel 
a l ignment west  of  the ex ist ing 
structure, with separate structures 
to carry eastbound and westbound 
traffic. Each 16,138-ft-long structure 
would provide increased traffic capacity 
with three 12-ft-wide travel lanes, 

alongside 10-ft-wide inside and outside 
shoulders. Recreational pedestrian and 
bicycle transportation modes would be 
supported on a dedicated multiuse path 
for each structure. 

For the new Pensacola Bay Bridge, which 
was the largest single transportation 
project in the history of the northwest 
Florida region, FDOT selected a design-
build procurement method and sought 
enhancements to a conventional long-
water crossing that would include 
pedestrian features to enrich the users’ 

by Christopher M. Vanek, Victor Ryzhikov, and Charles Rudie, WSP

Pensacola Bay Bridge

Aerial view of the new 
Pensacola Bay Bridge project. The 
parallel bridges use 103 spans of precast, 
prestressed concrete girders for the vehicular 
bridges, and single-piece, modular precast, prestressed 
concrete pi-shaped girder units that provide independent support 
for the multiuse path bridges that flank each vehicular bridge. 
Photo:  Florida Department of Transportation.

Cross section of the replacement side-by-side structures showing the custom precast concrete pi-shaped girder units for the multiuse 
path flanking the conventional Florida I-beams with cast-in-place deck for the vehicular portion of the bridge. Figure: WSP USA.
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FLORIDA DEPARTMENT OF TRANSPORTATION, OWNER
BRIDGE DESCRIPTION: Twin 16,138-ft-long bridges with 103 spans of precast, prestressed concrete girders with a main span unit composed of 
three-span, continuous steel welded plate girders. Single-piece modular precast, prestressed concrete pi-shaped girder units provide independent support 
for the multiuse path bridges flanking each of the vehicular approach spans, with steel girders and a 375-ft-span, wishbone tied-arch supporting the path 
in the main span unit.

STRUCTURAL COMPONENTS: 162,000 yd3 of concrete (total for both cast-in-place and precast concrete), 23.6 million lb of reinforcing steel, more 
than 4000 precast concrete pieces including 1030 precast, pretensioned Florida I-beams, 206 precast, pretensioned concrete pi-shaped girder units, more 
than 2000 precast, prestressed concrete piles, and 416 precast concrete V-pier assemblies, plus other miscellaneous items

BRIDGE CONSTRUCTION COST: $398.5 million

experience. Another primary project goal 
was removal of the deterioriated existing 
bridge.  

The bridge design engineer partnered 
with the prime contractor to develop 
a best-value proposal for FDOT. The 
design-build team selected a concept 
that would optimize efficiency and 
maximize the ability to use precast 
concrete structural elements, while 
enhancing these elements with a 
modern, s leek design. The new 
Pensacola Bay Bridge has 106 spans 
that use nearly 4000 precast concrete 
elements fabricated at an on-site casting 
facility.

Superstructure
The first critical element in the design 
involved separating the pedestrian 
multiuse paths from the mainline 
vehicular  br idges for the ent i re 
crossing. This physical separation would 
allow for a total precast concrete 
structural solution for the paths while 
enabling the mainline superstructure 
to be a more conventional structure 

with an 8.5-in.-thick cast-in-place (CIP) 
concrete deck.

To support the concept of a separate 
multiuse path along an entire bridge, 
two sets of superstructure types were 
used along the bridge length. The 
design called for a 59-ft 1-in.-wide 
typical section for the vehicular bridge 
and a 10-ft-wide multiuse path, and 
precast concrete was the preferred 
material choice for the site’s aggressive 
environment.

For a typical approach span, five 72-in. 
Florida I-beams with 12-ft 6.25-in. 
spacing and a length of approximately 
150 ft were the most economical 
choice. This span length would 
maintain clearance from the existing 
pile foundations. Because large design 
ship impact and wave loads would be 
transferred to the superstructure, an 
efficient system was needed.

To ensure that the multiuse path spans  
would match the framing arrangement 
for the vehicular spans, a custom-

modified 54-in.-deep Florida I-beam 
form was split in half and a drop-
in pan was inserted to create a highly 
efficient double-stem girder shape 
resembling the Greek letter pi. The top 
flange was placed monolithically with 
the girder stems to form the deck 
surface to which a monolithic 21-in.-
tall barrier was attached as a secondary 
placement. Each custom pi-girder unit 
weighed approximately 200 tons and 
allowed each multiuse path bridge span 
to be erected in a single piece with small 
link-slab closures at the piers. To control 
end-zone cracking and flange distortion, 
and accommodate a top flange blockout 
used to connect spans with link slabs, as 
well as overlook slabs, a 1-ft 6-in.-thick 
end diaphragm was cast monolithically 
with the section.

V-Piers
A key aesthetic strategy for the project 
involved the substructure pier elements. 
The design-build team developed a two-
stage, split twin curved V-pier, which 
offered benefits in fabrication and 
optimization of lower- and higher-level 
pier aesthetics. The V-piers proportionally 
increase in size as the pier approaches 
the higher-level areas, changing in 
geometry and construction methodology.

With two different geometric sets of 
V-piers, the construction methodology 
and associated design were adjusted to 
suit the scale of the required elements. In 
the approach structure area, to address 
the reduced height demands, the design 
team developed a monolithic precast 
concrete footing, column, and cap unit 
that could be erected in the field by a 
single crane pick. The typical 110-ton 
unit was erected atop a four-pile cluster, 
adjusted with ultra-high-molecular-
weight plastic shims, sealed, and 
dewatered. Headed reinforcing bars were 
then grouted into preformed ducts in the 
piles; this was followed by a field closure 

A pi-shaped girder unit for the multiuse path is removed from the forms in the precast, 
prestressed concrete production facility. To ensure that the multiuse path spans would 
match the framing arrangement for the vehicular spans, a custom-modified, 54-in.-deep 
Florida I-beam form was split in half and a drop-in pan was inserted to create a highly 
efficient double-stem girder shape resembling the Greek letter pi. Photo: WSP USA.
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pour to achieve a very small, highly 
efficient connection. The pile pocket 
connection, which partially extends into 
the footing to extend the pile above the 
water surface, develops a full flexural-
shear connection. The transfer of forces 
in the system employs a combination 
of socket- and corrugated-duct-type 
connections to meet the required 
loading demands. The desire to use a 
conventional concrete connection with 
a reduced embedment depth dictated 
the use of headed reinforcement; at 
the time, the contractor determined 
that ultra-high-performance concrete 
was not an economical option in this 

case because of challenges in getting 
the materials to the site. The shorter, 
monolithic pier units were used for 91 of 
the 105 piers on the project.

As the vertical profile increased toward 
the higher-level section, a taller series 
of V-piers was designed for efficiency 
and to achieve a more balanced 
appearance. Due to the change in 
foundation demands for the taller piers, 
the pile groups increased in size as the 
+5% grade quickly increased member 
weights too. The pier details and 
construction process had to be modified 
to accommodate these changes. On the 

taller piers, precast concrete bathtub 
forms were used for CIP footings, 
which were connected together with 
a prestressed concrete pile strut. The 
precast concrete V-pier column and cap 
were erected on temporary falsework for 
a pressure concreted closure pour at the 
column-to-footing connection. 

Mock-up Testing
Because of the unique nature of the 
connections and stringent tolerances 
needed for proper fit-up, the plans 
contained specific requirements for 
precast concrete fabrication and erection 
tolerances, along with a detailed set 

This long, low bay crossing connects downtown 
Pensacola, Fla., to the islands of Pensacola 
Bay and their Gulf beaches. The bridge is the 
centerpiece of the downtown’s bayfront views 
and the views from all the civic buildings along 
it. No wonder the owner wants to enhance its 
aesthetics.

The appearance of a long, low bay crossing is 
typically dominated by rows of multicolumn pier 
bents marching across the water. These repeti-
tive column lines lack visual interest and stand 
one behind the other to block both the diagonal 
views through them and the longitudinal views 

along the bridge. With this in mind, the curved 
V-piers of this bridge are a revelation. Instead 
of the usual five or six columns of a typical pier 
line, there are only two columns which each 
split into two pieces that curve outward to meet 
the cap. With this creative detail, the expanse of 
the water’s surface under the outer edges of the 
bridge will be open to view.

There is a second revelation: As the piers gain 
height approaching the navigation channel, the 
tall piers will have the same shape as the short 
piers. Only the pier stems will get longer. That 
consistency will give the bridge unity and open-

ness over its entire length, which in turn will give 
the entire bay a unity and openness that was 
lacking with the previous bridge.

Placing the pedestrian and bicycle trails slightly 
lower than the roadways will give their users a 
greater sense of separation from the vehicular 
traffic and should increase their enjoyment of 
the crossing. This separation also creates the op-
portunity to change the trails’ structural type at 
the main span. The arches will visually punctuate 
the midpoint of this over 3-mile-long and mark 
the channel location for both users of the bridge 
and observers on shore.

Workers set a shorter V-pier unit, for 
which the cap, column, and footing were 
precast as a unit. Photo: WSP USA.

Rendering of a typical shorter V-pier precast unit set on the precast, prestressed 
concrete piles. The inset shows a detail section through the pile-to-footing connection. 
Figure: WSP USA.
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of mock-up requirements. Full-scale 
mock-ups detailing each connection 
type were required to help ensure that 
the proposed details, construction 
sequence, and personnel could produce 
a connection free of voids. The team was 
required to construct these mock-ups 
using proposed construction procedures 
before fabrication of any production 
elements. The construction procedures 
were amended based on satisfactory 
results of the mock-ups. To assess the 
performance of the concrete connection, 
each mock-up was cut into a minimum 
of two sections and measurements were 
taken of the voided areas to ensure that 
the total area of voids did not exceed 3% 
of the total sectional area of the joint. If 
a mock-up did not meet requirements, 
another mock-up would be constructed 
and retested with revised connection 
procedures, revised details, or both. 

Piles
The project site has a highly variable 
subsurface condition. The soil profile 
consists of a very loose overburden 
layer of 30 to 40 ft of silty sand and 
medium-dense bearing layers located 

120 to 250 ft deep. To meet the site 
challenges, avoid field-spliced piles, and 
obtain the required capacity at end-of-
drive conditions, custom prestressed 
concrete pile solutions were developed to 
support the structure. The approach piers 
were founded on modified FDOT 30-in.-
square precast, pretensioned concrete 
piles with additional prestressing strands. 
The piles were modified from the FDOT 
standard, which includes a void, by 
using a completely solid section along 
the pile length to permit piles up to 210 
ft in length. The long pile lengths led 
to heavy piles, which pushed the limits 
of the very large cranes used on the 
project. The connections of the piles to 
the precast concrete substructure units 
used corrugated steel ducts cast in 
the head of the pile that could easily 
be modified to fit the connection in the 
field if bearing were achieved early or 
at the predicted depth, or used for field 
splices in the event that the pile did not 
achieve capacity as expected. To help 
reduce work on site, the lengths of the 
production piles, as well as these ducts, 
were adjusted based on the driving of 
test piles.

Conclusion
At this time, one bridge has been 
opened to traffic and the other parallel 
structure is scheduled to open later this 
year. The decision by FDOT to use a 
design-build contract for the Pensacola 
Bay Bridge project encouraged the 
design-build team to incorporate 
innovative precast concrete designs to 
achieve an efficient system. Because the 
engineers and contractors collaborated 
closely to deliver these durable and 
successful strategies, the U.S. Route 98 
bridges over the Pensacola Bay will 
provide a low-maintenance, six-lane 
facility for the traveling public while also 
offering value-added features, including 
architectural shade structures, color-
changing LED lighting, and decorative 
railings, that complement the enhanced 
aesthetics of piers and other structural 
elements. 
____________

Christopher M. Vanek is a lead engineer 
in the complex bridge unit for WSP 
in Seattle, Wash., Victor Ryzhikov is a 
segmental specialist for WSP in Tampa, 
Fla., and Charles Rudie is an assistant vice 
president in senior project management 
for WSP in Minneapolis, Minn.

One of the parallel bridges for the 
Pensacola Bay Bridge project is complete 
and open to traffic; the other is scheduled 
for completion in late 2022. The finished 
bridge has a multiuse path featuring 
shade structures that enhance the user 
experience. Photo: Florida Department 
of Transportation.

A taller precast concrete V-pier column and cap segment being 
set on falsework that will support it before a pressure concreted 
closure pour is placed to connect the unit to the footing. Photo: 
WSP USA.

Section cut through pile and footing after mock-up test to 
demonstrate that concrete could be successfully placed to make 
the pile-to-footing connection. Photo: WSP USA.



ACCELER-8 INTERSTATE 90 BRIDGE REPLACEMENT PROJECT / SOUTHBOROUGH AND 
WESTBOROUGH, MASSACHUSETTS
BRIDGE DESIGN ENGINEER: Gill Engineering Associates Inc., Needham, Mass.

OTHER CONSULTANTS: Owner’s (MassDOT’s) engineer: CDR Maguire Inc., Milton, Mass.; civil & traffic design lead: 
Tetra Tech, Marlborough, Mass.; Green International Affiliates Inc., Tewksbury, Mass.; Lamson Engineering Corporation, 
West Newton, Mass.

PRIME CONTRACTOR: J. F. White Contracting Company, Framingham, Mass.

CONCRETE SUPPLIER: Closure pour mobile mixer: inTerra Innovation Inc., Chelsea, Mass.; on-site ready-mixed: 
Dauphinais Concrete Inc., Douglas, Mass. 

PRECASTER: J. P. Carrara & Sons, Middlebury, Vt.—a PCI-certified producer

profile

In 2019, to avoid delaying future 
scheduled highway reconstruction, 
the Massachusetts Department of 
Transportation (MassDOT) took an 
aggressive approach to accelerating 
the rehabilitation and replacement of 
eight bridges carrying Interstate 90 
(I-90) in the towns of Southborough 
and Westborough. Using a combination 
of design-build (DB) contracting and 
accelerated bridge construction (ABC), 
MassDOT was able to complete the 
procurement, design, and construction 
of the aptly named Acceler-8 I-90 Bridge 
Replacement Project in less than two 
years. After a two-stage procurement 
process, MassDOT, with assistance 
from the owner’s consultant engineer, 
selected the winning DB team, which 
consisted of a contractor, a structural 
design lead and design manager, and 
a civil and traffic design lead.  This was 
the same award-winning team that in 
2011 replaced 14 bridge superstructures 
on Interstate 93 just north of Boston, 
on a project known as the Fast-14. With 
MassDOT’s leadership and the DB team’s 
prior experience, this team was primed 
for success on Acceler-8. 

Construction of the eight bridges was 
scheduled to be completed over eight 
weekends in the summer of 2021 using 

ABC techniques. During each weekend, 
all traffic was consolidated into one 
barrel of the roadway (eastbound or 
westbound), which was temporarily 
reconfigured to carry two lanes in 
each direction. This traffic setup was 
implemented with crossovers and 
movable barriers.

The base technical concept proposed 
in the request for proposal called 
for prefabricated bridge units (PBUs) 
consisting of steel beams with precast 
concrete deck as the primary structural 
element. Although this construction 
method had been successfully employed 
for the Fast-14 project, the team decided 
early in the proposal stage to pursue a 

more innovative solution using precast, 
prestressed concrete Northeast Extreme 
Tee (NEXT) D beams instead of PBUs. 
Compared with the PBU option, NEXT D 
beams were more economical because of 
their lower material and fabrication costs, 
including reduced handling. PBUs require 
fabrication in both steel and precast 
concrete plants, whereas NEXT D beams 
only require fabrication in a precasting 
plant. Furthermore, NEXT D beams allow 
designs of shallower sections, which 
would improve the clearance beneath 
the structures. However, there was one 
wrinkle: to accommodate the existing 
and proposed abutment layouts, the 
NEXT D beams had to be designed for 
skews and spans that exceeded the 

by Preston Huckabee and Fédorah Berlus, Gill Engineering Associates

Interstate 90 Acceler-8 
Bridge Project

The typical bridge cross section consisted of one single-stem and five double-stem 
Northeast Extreme Tee (NEXT) D beams. The replacement bridges used 28-in.-deep 
beams, and the new bridges with longer spans used 36-in.-deep beams. All Figures 
and Photos: Gill Engineering Associates Inc.
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MASSACHUSETTS DEPARTMENT OF TRANSPORTATION, OWNER
OTHER SUPPLIERS: Micropiles: HUB Foundation Co. Inc., Chelmsford, Mass.; erector: Saugus Construction Corporation, Georgetown, Mass.; formwork:
Hamilton Form Company, Fort Worth, Tex.

BRIDGE DESCRIPTION: Eight simple-span bridges, each 56 ft 6 in. wide with spans ranging from 35 ft 6 in. to 70 ft 9 in., using precast, prestressed 
concrete Northeast Extreme Tee (NEXT) D beams on precast concrete abutment caps (superstructure replacements) or cast-in-place concrete abutments, 
wingwalls, and footings on micropiles (full bridge replacements)

STRUCTURAL COMPONENTS: Five double-stem prestressed concrete NEXT D beams and one single-stem prestressed concrete NEXT D beam 
per bridge; 28-in.-deep beams used at superstructure replacements, and 36-in.-deep beams used at full bridge replacements, with rapid-hardening, 
low-permeability cement concrete closure joints; precast concrete abutment caps for superstructure replacement projects; cast-in-place abutment stems, 
wingwalls, and footings for full structure replacement projects; and precast concrete approach slabs, approach barrier moment slabs, and guardrail 
transitions.

PROJECT COST: $49 million

typical permissible limits; therefore, 
a design waiver from MassDOT was 
required for their use. Because MassDOT 
is open to innovation in all its designs, 
the agency granted the waiver. 

While these bridges are not complex 
structures by definition, many complex 
design elements had to be taken into 
account to facilitate construction. For 
example, each design considered 
fabrication and erection tolerances in 
every design element to ensure proper 
fit-up during construction. 

S ix  of  the e ight  br idges  were 
superstructure replacements set on 
the existing rehabilitated abutment 
stems. The other two bridges were full 
replacements with new cast-in-place (CIP) 
concrete abutment stems, wingwalls, and 
footings founded on micropiles. The six 
superstructure replacements maintained 
the existing single-span configurations 
with 28-in.-deep NEXT D beams, and 
the full replacements converted existing 

three-span structures into single spans 
with 36-in.-deep NEXT D beams. The 
bridges had varying spans, from 35 ft 
6 in. to 70 ft 9 in. between centerline 
of bearings, but all had identical widths 

of 56 ft 6 in. to accommodate three 
12-ft 0-in. travel lanes, a 12-ft 2-in. 
right shoulder, a 4-ft 9-in. left shoulder, 
and two standard MassDOT 42-in.-high 
concrete F-shape barriers. Each bridge 
cross section consisted of one single-stem 
and five double-stem NEXT D beams. 
The single-stem NEXT D beam allowed 
the design of identical cross sections and 
beam layouts by maintaining a constant 
stem spacing of 5 ft 0 in., which helped 
reduce some of the fabrication and 
erection complexities. 

In addition to the NEXT D beams, 
the abutment caps, approach slabs, 
approach barrier moment slabs, and 
guardrail transitions were precast to 
accelerate construction. Before the 
weekend closures, the preserved bridge 
abutments were rehabilitated and 
finished with partial-depth horizontal 
saw cuts to facilitate the bridge seat 
demolition and to receive the new 
precast concrete abutment caps.

Single-stem Northeast Extreme Tee D beam after curing and before end diaphragm 
placement. Epoxy-coated mild reinforcement extending from the top flanges will 
become part of the cast-in-place concrete closure pours and end diaphragm. 

A double-stem Northeast Extreme Tee D beam after end diaphragm placement in a 
secondary pour. Reinforcement for the barrier is visible at the far edge of the deck slab.
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The micropile foundations, CIP abutment 
stems, and CIP wingwalls for the bridge 
replacements were all constructed and 
backfilled under the existing approach 
spans in the months before the summer 
traffic redirection. The superstructures of 
the bridges were then constructed during 
the scheduled weekends closures. 

Four of the bridges were located 
on vertical curves, and the other four 
were located on vertical tangents, with 
normal roadway crown for the travel 
lanes consisting of 2% cross slopes that 
break to 3% slopes at each shoulder. 
The NEXT D beams were rotated to 
accommodate the crown and shoulder 
breaks in the road surface and align 
with the longitudinal profile grades. The 
combination of longitudinal and lateral 
slopes needed to be accommodated 
in the bearing plates at each support. 
Tapered plates and shim plates were 
detailed with built-in tolerances to ensure 
the bearings would mate properly with 
the rotated stems.

The design team also paid careful 
attention to the NEXT D beam camber 
when calculating the seat elevations 
to ensure that the beams would sit 
below the final roadway profile and 
accommodate the placement of the 
hot-mix asphalt wearing surface. The 
team had anecdotal information that 
camber in NEXT D beams can exceed 
calculated design values. Without any 
accurate means to estimate the camber, 
they set beam seat elevations during the 
design phase based on typical methods. 
However, armed with the foreknowledge 

that increased camber growth was 
possible, the design team had the beams 
surveyed after fabrication to evaluate the 
actual camber. As anticipated, the survey 
data demonstrated that the camber 
measured in the plant exceeded the 
anticipated design camber at erection. 
Working with the contractor, the DB 
team revised the seat elevations during 
construction by lowering the horizontal 
saw cuts in the rehabilitated abutments 
and lowering the seat elevations of the 
CIP abutments to ensure that the final 
beam position would properly conform 

to the roadway profiles. After beam 
placement, significant survey effort was 
required to ensure that the variable-
depth asphalt wearing surface could be 
properly placed to fill the gap between 
the end of the deck and the approach 
roadway, meeting the final roadway 
profile and providing a smooth ride. 

Self-consolidating concrete was used 
for all  precast concrete elements for 
this project. Epoxy-coated reinforcement 
was used for a l l  convent ional ly 
reinforced concrete sections, and 

Cross section and reinforcement details of the unique precast 
concrete moment slab developed to support the concrete 
F-shape barriers on the approaches. 

For each of the bridges with only superstructure replacement, the erection of precast 
concrete abutment cap sections typically took place midmorning on Saturday during 
the weekend closure. During each 55-hour weekend closure, all Interstate 90 traffic was 
consolidated into one barrel of the roadway (eastbound or westbound), which carried 
two lanes in each direction.

The fabrication form with near-side form removed shows epoxy-
coated steel reinforcement in place for the casting of the moment 
slab. Self-consolidating concrete was used for all precast concrete 
components.
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0.6-in.-diameter, 270-ksi, low-relaxation 
seven-wire prestressing strands were 
used as the primary reinforcement in 
the NEXT D beams. The prestressed 
concrete beam design required a 
compressive strength of 8000 psi; the 
28-day concrete cylinder breaks reached 
over 11,000 psi.

The single-stem beams were cast two at 
a time in the same forms used for regular 
NEXT D beams; this meant that the 
width of the flanges and any reinforcing 
bar extensions had to be sized to not 
interfere with the other single-stem 
beam being cast at the same time. If 
two single-stem beams had not been 
cast at the same time, the fabricator 
would have been required to balance 

the prestressing force in the self-stressing 
form by placing the same prestressing 
force on the side that was not receiving 
a concrete placement. Although each 
bridge had only one single-stem beam, 
both bridges (eastbound and westbound) 
at each location were identical, so it was 
effective to cast both single-stem beams 
at the same time.

A unique moment slab was developed 
to support the concrete F-shape barriers 
on the approaches. The moment slab 
was detailed with a 10-in. × 4-ft 0-in. 
slab section and a 19-in.-wide barrier 
section, making the moment slab only 
5 ft 7 in. wide. This relatively narrow 
detail was successfully achieved by 
designing the moment slab to key into 

the top of the existing wing walls and 
shifting the center of mass lower than 
the center of rotation. Drill-and-grout 
doweled connections were not used; 
instead, a bed of grout was placed 
between the moment slab and the 
existing wing walls.

NEXT D beams have a nominal 8-in.-
deep top flange that forms were bridge 
deck. CIP concrete closure pours are 
placed between the flange edges to 
finish the deck and complete the bridge. 
For this project, the closure pours used 
rapid-hardening, low-permeabil ity 
cement (calcium sulfoaluminate–
based) concrete placed from a mobile 
volumetric mixer, typically early on 
Sunday mornings. To open each bridge 
to traffic, a 1500-psi minimum concrete 
strength was required in the closure 
pours. Two hours after placement, the 
concrete cylinder breaks would typically 
reach 4000 to 6000 psi, with a low of 
3500 psi and a high of 7000 psi. This 
rapid strength gain ensured that the 
structures were ready to support traffic 
on the bare concrete deck surface long 
in advance of the reopening of each 
bridge on Monday morning. Concrete 
barriers, waterproofing, and hot-mix 
asphalt wearing surface were applied to 
the bridge decks later, after the weekend 
bridge closures.

MassDOT allocated eight weekend 
closures to complete construction. Only 
six were needed to demolish, replace, 
and reopen the bridge superstructures 
to traffic. The final weekends were 
held in reserve. Bridge demolition and 
reconstruction took place during the 
55-hour weekend closures. Beginning 
Friday evening, traffic was crossed over 
the interstate median to the opposite 
barrel to maintain bidirectional traffic 
throughout the closure period, and each 
completed bridge was reopened to traffic 
by 5:00 a.m. on Monday. The DB team 
and MassDOT took an all-hands-on-deck 
approach to the weekend closures, with 
senior decision makers on site or readily 
accessible. Any issues that arose were 
discussed there and then, and solved 
within the closure period. This approach 
contributed to the overall success of the 
project. 
____________

Preston Huckabee is a chief engineer and 
Fédorah Berlus is a structural engineer 
with Gill Engineering Associates Inc. in 
Needham, Mass.

Northeast Extreme Tee D beams were typically placed late on Saturday afternoon 
during the weekend closure. A single-tee beam is being erected in this photo.

The closure pours, visible in this photo as longitudinal stripes in the deck, used rapid-
hardening, low-permeability (calcium sulfoaluminate–based) cement concrete. To 
open each bridge to traffic, a 1500-psi minimum concrete strength was required for 
the closure pours to ensure that the structures were ready to support traffic on the 
bare concrete deck. Two hours after placement, the concrete cylinder breaks typically 
reached 4000 to 6000 psi.
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Segmental 
Bridges: 
Case Studies 
and Lessons 
Learned
by Chris Davis, Scott Greenhaus, 
Eric Sommer, and Bob Sward, 
Structural Technologies; Bob Gensel, 
Pullman Services; Craig Finley and 
Jerry Pfuntner, COWI

Segmental bridges are durable and have a long history in 
the U.S. bridge inventory. With the oldest of these bridges 
approaching the end of their initial design life cycles, owners 
are seeking to extend their useful lives. Most segmental 
bridges have performed well and can have extended service 
lives if detailing issues and maintenance concerns are 
addressed, as discussed in this series of articles on segmental 
bridge rehabilitation (for the previous articles, see the Winter 
2022 and Spring 2022 issues of ASPIRE®). This last article in 
the series focuses on case studies and lessons learned from 
completed and ongoing rehabilitation projects. There is a 
lot of value in learning from bridge rehabilitation projects, 
as most of the solutions come from out-of-the-box thought 
processes that frequently lead to ideas for durable repairs that 
can be implemented economically. The following three case 
studies will present the issues, probable causes, solutions, and 
lessons learned for these unique challenges. 

Case Study: West Seattle 
High-Rise Bridge Emergency 
Repairs
The West Seattle High-Rise Bridge was designed as a concrete 
cantilevered, segmental box-girder bridge rising 140 ft above 
the Duwamish Waterway and extending 1340 ft across three 
spans. Construction commenced in 1981 and the bridge 
opened to traffic on July 14, 1984. It serves as a link for more 
than 100,000 vehicles per day between the neighborhood of 
West Seattle and the rest of Seattle, Wash. 

Issues
During a 2013 routine inspection, cracks averaging 0.01 in. 
in width were identified at four locations near post-tensioning 
tendon anchorages. A recommendation was made to seal the 
cracks with epoxy, install eight electronic crack monitors, and 
conduct frequent observations to monitor cracks that could 
expand or penetrate the girder walls. During a subsequent 2014 
inspection, inspectors reported that several cracks appeared 
larger than previously recorded and that indeed some cracks 
now appeared to penetrate the 12-in.-thick box-girder walls. 

In late 2018, specialists found that cracking had proliferated 
beyond the previously identified locations and a recommendation 
was made to install 32 additional crack monitors. Follow-up 
inspections in May and November of 2019 found that existing 
cracks had not appeared to widen; however, significant additional 
cracking was noted in both the slab and webs of the girders, 

CBP
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Tracking crack growth at one location on the West Seattle High-Rise Bridge from 
2013 through the bridge’s closure on March 23, 2020. Photo: WestSideSeattle.com.

Electronic crack monitors and epoxy injection repairs in December 2020 on the 
West Seattle High-Rise Bridge. This photo shows four of the previously installed 
crack monitoring devices and electronic data cables along with one of numerous 
cameras (visible in the upper left corner of the photo), installed throughout the 
bridge to allow visual monitoring of cracking. Photo: Pullman Services.
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accelerating rates of crack growth led to a recommendation 
to close the bridge and to begin developing plans to inhibit 
potential collapse. On March 23, the Seattle Department of 
Transportation ordered an immediate closure to all traffic. 

Cause
Numerous factors, including heavier truck and bus traffic, the 
addition of a seventh traffic lane, and a 2001 seismic event, 
have been theorized to be contributors to the documented 

including extensive diagonal cracking in the walls of the main 
span. Although some cracks were found to extend the full depth 
of the concrete, the vast majority of the cracks encountered 
did not appear to extend the full depth of the girder slabs 
and walls. In those cases where cracking did extend the full 
depth of the concrete, the crack widths at the exterior surfaces 
were “hairline” in nature. Work orders were issued to perform 
additional epoxy injections to mitigate moisture intrusion. 

In February 2020, engineering studies revealed significant 
concerns regarding load capacity. It was suggested that 
daily observations be conducted, and plans developed 
to reduce the number of traffic lanes. On March 19, the 

Schematic elevation views of the West Seattle High-Rise Bridge showing activities and locations for Phase 1 stabilization and Phase 2 rehabilitation projects. Figure: Seattle 
Department of Transportation.

Access platforms for initial repairs to the exterior of the West Seattle High-Rise 
Bridge. Photo: WestSideSeattle.com.

One aspect of the rehabilitation of the West Seattle High-Rise Bridge was the instal-
lation of new external post-tensioning tendons and anchorages inside the bridge. 
Photo: Pullman Services.
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Phase 2 commenced early in 2022 and again included CFRP 
and external longitudinal post-tensioning, as well as more 
comprehensive epoxy injection at the remaining cracks 
located throughout the superstructure. The West Seattle 
High-Rise Bridge is currently expected to be reopened to 
traffic in July 2022. 

Case Study: Roosevelt Bridge
The Roosevelt Bridge in Stuart, Fla., is a twin, precast 
concrete, post-tensioned segmental box-girder bridge 
constructed using the balanced-cantilever method. The two 
parallel structures each have 41 spans and a total length of 
approximately 4600 ft. The bridge’s post-tensioning system 
consists of internal grouted tendons in galvanized corrugated 
metal ducts.

Issue
In June 2020, the Florida Department of Transportation 
(FDOT) closed portions of the bridge to address emergent 
repair needs identified during a routine inspection. Cracking 
was discovered in the bottom slab of southbound span 1 
over Dixie Highway, and out of an abundance of caution, 
both bridges and Dixie Highway were immediately closed 
to traffic. 

Cause
FDOT quickly assembled a team of consultants to determine 
the extent of the issue because it could compromise the 
life safety of the traveling public. They determined that 
the crack was caused by five post-tensioning tendons that 
had failed in the bottom slab due to excessive corrosion. 
The corrosion was attributed to water that migrated from 
the bridge deck through segment joints and bottom slab 
tendons, and leakage through fiberglass storm drainage pipe 
joints inside the bridge. The consultants further determined 
that the immediate issue was isolated to the southbound 
structure, and the northbound structure could be reopened 
to traffic. As the northbound bridge was being reconfigured 
to accept both north- and southbound traffic, an emergency 
shoring system was installed beneath southbound span 1, 
which would allow the reopening of Dixie Highway. 

Contracting and Construction
The initial crack was discovered on June 16, 2020; 
emergency shoring was in place by June 26; and the 
northbound bridge reopened to traffic on June 27. Dixie 
Highway was reopened on July 3 after being realigned to 
clear the emergency shoring system. 

FDOT began the design for the repair of the bridge and 
initiated an emergency contracting process for the repairs. 
For the first time in FDOT history, the agency selected the 
construction manager/general contractor (CMGC) method 
of project delivery. This contracting method leverages early 
contractor involvement to assist with design and repair 
methods, expediting project completion and reopening of the 
structure. 

deterioration. In addition, it was also suggested that the 
superstructure may have gradually weakened over time due 
to long-term creep of the concrete within the box girders. 
If that theory were true, where the bottom slab anchorage 
blisters were originally within the negative moment 
envelope with the concrete in compression, the anchorages 
would now be within the positive moment envelope with the 
concrete in tension.

However, it has since been determined that the primary 
cause of the cracking was that the bottom continuity post-
tensioning anchorages were not adequately distributed within 
the spans, which created local and global tensile stress issues. 
Therefore, the root causes of the observed cracking were 
the local effects of concentrated anchorages of the bottom 
continuity post-tensioning tendons, inadequate detailing 
of the bottom slab reinforcement at those anchorages, and 
limited understanding or sophisticated tools to predict time-
dependent effects.

Solutions
Following the 2020 bridge closure, a two-phase approach 
to stabilization and repair was developed. Phase 1 focused 
on stabilizing the main span to mitigate concerns regarding 
potential collapse, whereas Phase 2 would complete repairs 
necessary to fully reopen the bridge to traffic. 

Phase 1 repairs commenced in late 2020 and required the 
use of custom platforms to access the bridge’s exterior. 
To stabilize the structure and to allow subsequent Phase 2 
repairs to be performed, the project team implemented a 
repair scope that included epoxy injection at crack locations, 
installation of an external longitudinal post-tensioning 
system within the concrete box girders, and the installation 
of carbon-fiber-reinforced polymer (CFRP) at selected 
locations along the superstructure. 

As part of the rehabilitation of the West Seattle High-Rise Bridge, carbon-fiber-
reinforced polymer was installed at selected locations. Epoxy-injected cracks are 
visible on the bottom slab of the box girder. Photo: WestSideSeattle.com.
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using new cast-in-place concrete deviation blocks to anchor 
the tendons. Existing concrete anchorages were demolished 
and removed. This solution protects against corrosion while 
also allowing FDOT to remove and replace the tendons in the 
future, if necessary. This solution also maintains the aesthetics 
of the bridge, as the repair did not alter the outward appearance 
of the structure. In addition to adding external post-tensioning 
to southbound span 1, multistrand tendons were also installed 
in 17 other expansion joint spans to strengthen the structures 
to meet updated design specifications, based on the load rating 
analysis. In total, 48 new external post-tensioning tendons 
were installed in the two bridges.

During the repair work, FDOT personnel performed 
thorough inspections of the bridge deck and internal tendons. 
Hundreds of core samples were taken to assess concrete and 
strand condition across all areas of both bridge structures. 
These inspections determined that minor cracking in the 
bridge deck surface and cracks between precast concrete 
segment joints, or between segment joints and the original 
closure pours, could allow water to migrate through the 
concrete and into the post-tensioning tendons. Water from 
the highly corrosive coastal environment could carry and 
deposit chlorides within the concrete and grouted post-
tensioning tendons. To protect their investment and extend 
the structures’ service lives, FDOT decided to prevent water 
recharge within the concrete and post-tensioning tendons by 
having the CMGC perform epoxy injections, externally seal 
bridge segment joints, and install an epoxy deck overlay on 
both bridges. 

Case Study: Channel Five 
Bridges in the Florida Keys 
The Channel Five segmental bridge is located in one of 
the most beautiful, and harshest, environments for a bridge 
structure. The precast concrete segmental substructure of this 
critical bridge has endured daily exposure to saltwater from 
tidal, wave action, and seawater spray for more than 40 years. 

Issue and Cause
Chloride had penetrated to the outer layers of the substructure’s 
reinforcement and had infiltrated defects in the segment joints 
and post-tensioning bar blockout pourbacks, which initiated 
corrosion in the mild reinforcement and vertical post-tensioning 
bars, leading to spalling of the exterior concrete cover on 
the precast concrete segmental box piers. An engineering 
evaluation of the bridge in its current state was performed, and 
the substructure load demands that are imposed on the bridge as 
it sits today were determined. It is critical to understand where 
this bridge is relative to the imposed deformations from creep 
and shrinkage, which will have largely already occurred at this 
time. The theoretical calculations can be generally confirmed 
from observations of the bearing deformations after correction 
for thermal movement. However, after more than 40 years, the 
structure has already experienced the long-term movements, 
and this process is far from an exact science.

On June 30, four contractors were solicited for the work with 
a preliminary repair scheme and request for quote. Selection 
was made on July 17; contracts were executed on July 
20; and the notice to proceed was issued on July 21 for an 
immediate start. The preconstruction phase allowed 30 days 
for collaborative development of repair plans and mutually 
agreeable lump-sum construction pricing. 

Once the construction phase began, supplemental shoring 
was added to southbound span 1. The emergency shoring 
was adequate in capacity; however, it could not be moved to 
facilitate the support and adjustment of each precast concrete 
bridge segment during repairs. During the construction phase, 
the remaining bottom slab continuity tendons on southbound 
span 1 had to be detensioned, and their associated concrete 
anchorage blocks had to be removed from inside the box 
section to clear the way for the installation of the new post-
tensioning system. The supported segments of southbound 
span 1 also needed to be raised and lowered during the repair 
process to avoid cracking in the webs as existing tendons 
were detensioned and to reinstate the original geometry and 
ride quality of the bridge deck.

Solution
An innovative repair solution was implemented, involving the 
installation of external multistrand post-tensioning tendons 
inside the box to replace the failed and corroded existing internal 
tendons. The tendons were installed above the bottom slab 

North- and southbound traffic on the northbound Roosevelt Bridge during repairs to 
the southbound bridge. Photo: Florida Department of Transportation and Cardno.
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Lessons Learned
Some of the key lessons learned on these projects are the 
following:

• The level of effort needed to evaluate an existing 
structure cannot be understated, particularly for 
structures with extensive deterioration.

• Parametric studies help assess the remaining capacity 
where there is some uncertainty regarding the amount 
and location of section loss and/or deterioration.

• Constructability must be a primary consideration in 
evaluating rehabilitation options, particularly if the 
structure's reduced capacity due to deterioration could 
preclude some rehabilitation alternatives.

• It is crucial to fully vet repair materials, particularly 
for their suitability for use on the project site. 
Because field installation is performed on deteriorated 
concrete under less than optimum conditions, 
materials may not achieve the same strength or 
durability exhibited in laboratory results.

Conclusion 
These three case studies demonstrate that the industry is fully 
capable of effectively rehabilitating and preserving existing 
segmental concrete bridges if they encounter performance 
challenges. The projects highlighted represent the power of 
leveraging the cumulative knowledge gained over the past 
several decades. A holistic approach that identifies the root 
causes for issues observed in a structure and carefully considers 
the most appropriate repair strategies can lead to extended 
service life and optimal performance results. Great things are 

Developing Solutions
As with any rehabilitation program, the challenge is to 
determine the currently available capacity, how much 
capacity can be restored through a rehabilitation scheme, 
and the inevitable benefit-to-cost ratio evaluation. This 
evaluation generally assesses how much additional useful 
life expectancy can be achieved and how much extending 
the life of the current structure would cost compared with 
replacement. One benefit of segmental bridge construction 
is that, in most cases, the substructure capacity is based 
on temporary construction requirements, which can be 
much higher than the service-level design forces. This is 
particularly true for substructures, as in this case, because 
the span-by-span construction technique used for this 
bridge required larger pier column dimensions to support 
the temporary erection truss that was used to support the 
span segments. The construction demands, coupled with 
the relatively high axial force from the self-weight of the 
robust concrete box girder, yields a significant amount of 
capacity available for service-level loads where creep- and 
shrinkage-imposed deformations have already occurred. 
The net result or benefit of this substructure design was that 
the aforementioned section loss of vertical post-tensioning 
bars did not create a concerning loss of capacity. These 
evaluations are still ongoing, and solutions are being 
developed to restore the capacity required to address design 
loads, including the higher wind loadings that are required 
by today’s specifications. (See the article in the Winter 2017 
issue of ASPIRE about a similar situation where a solution to 
replace piers under a segmental concrete box-girder bridge 
was developed, allowing the bridge to remain in service.)

To facilitate repairs on the southbound span 1 of the Roosevelt Bridge, additional 100-kip-per-leg shoring towers were added around the initial emergency shoring. In the upper 
right of the photo, a vertical crack is evident in the outside web of the box girder. Photo: Structural Technologies.
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possible when experienced and qualified teams work together 
methodically to assess the performance challenges, properly 
understand defects, and implement well-conceived solutions. 
Keys to success for the case studies presented here included 
not only innovative technical considerations but also new and 
unconventional approaches to problem-solving and project 
delivery. True collaboration and open communication among 
all project team members is vital for collective success. 

This article is intended to take the principles and concepts 
from the two preceding articles in the series and show how 
they can be practically applied. These examples, and others 
like them, can also provide us with confidence in the continued 
use of segmental concrete bridge design and construction 
methods for new bridges in the future. Practitioners in the 
industry can, and will, carry forward the lessons learned into 
the design and construction of new projects. 
__________

Chris Davis is director of Transportation Business, Scott 

Greenhaus is the executive vice president, Eric Sommer is vice 

president of operations, and Bob Sward is vice president of 

business development for Structural Technologies in Columbia, 

Md. Bob Gensel is a senior branch director at Pullman Services, 

a licensee of Structural Technologies’ products and technical 

support services, in Berwich, Pa. Craig Finley is vice president 

of operations and Jerry Pfuntner is technical director of COWI 

North America Southeast in Tallahassee, Fla.

A typical segmental box pier of the Channel Five Bridges in the Florida Keys has 
experienced daily exposure to saltwater from tidal, wave action, and seawater spray 
for more than 40 years. This had led to spalling of the exterior concrete cover. Photo: 
COWI.

EDITOR’S NOTE

COWI acquired FINLEY Engineering Group in April 2022.

To address global climate change, designers are now examining designs to reduce 
energy consumption and the release of greenhouse gases in the construction 
materials being used. Even though high temperatures and significant energy is 
required to expand lightweight aggregate, an article in the spring 2022 issue of 
Lightweight Design eNews (https://www.escsi.org/e-newsletter/engineers-corner-
myths-and-misconceptions-6/) demonstrates that embodied energy and emissions 
in the construction materials used for a lightweight concrete building can be reduced 
compared to an equivalent building constructed using normalweight concrete because www.escsi.org

Structural Lightweight Concrete 
Contributes to SSuussttaaiinnaabbllee  SSoolluuttiioonnss

the quantities of materials are reduced for the lightweight 
concrete building. The article includes tables of embodied 
energies and emissions for each construction material that 
are multiplied by the mass of that material used in the 
building. The sum of these quantities provides an estimate 
of the total embodied energy (or emissions produced) in the 
materials used to construct the building.

The same tables of embodied energy and emissions can be 
used for bridges. While a bridge example is not currently 
available, it is likely that a bridge designed to fully utilize 
the benefits of lightweight concrete would have a reduced 
impact on the environment compared to an equivalent 
design using normal weight concrete, similar to the 
improved results shown for the building. To obtain a more 
complete understanding of the environmental impact of 
a structure, transportation and construction activities, as 
well as waste generation and water use, should also be 
considered.

The members of ESCSI, who produce rotary kiln expanded 
shale, clay, and slate lightweight aggregate, have been 
working to reduce the energy and emissions intensities for 
their materials for many years. The industry is confident 
that lightweight concrete will be more widely used as more 
designs are required to consider the total impact of a project 
on the environment.

The Virginia Route 33 Bridge over the Mattaponi River has post-tensioned lightweight 
concrete spliced girders with a lightweight concrete deck to achieve two units with spans 
of 200-240-240-200 ft. Photo: Kenneth S. Harmon

https://www.escsi.org/e-newsletter/engineers-corner-myths-and-misconceptions-6/
https://www.escsi.org/e-newsletter/engineers-corner-myths-and-misconceptions-6/
https://www.escsi.org
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Don’t Just 
Patch It—
Repair It!
by J. Chris Ball, Vector Corrosion 
Technologies 

Reinforced concrete is a useful and economical building 
material that is commonly used in bridge construction. As 
they age, concrete structures—just like humans—require 
periodic maintenance and repairs. Instead of aching joints 
and reduced eyesight, the symptoms of concrete deterioration 
include spalling and delaminations, which should be repaired 
if the structure is to achieve a long service life. 

Unfortunately, failed concrete “patches” have led some 
engineers and owners to believe that concrete repairs are just 
temporary fixes and cannot be expected to perform well over 
time (Fig. 1). Developing an understanding of the cause 
of the deterioration and implementing industry-accepted 
repair procedures are the initial steps toward improved 
performance of concrete repairs. 

Stages in Concrete 
Rehabilitation
Concrete rehabilitation projects should adhere to a process 
with the following stages: 

• Conduct a condition evaluation.
• Develop the repair strategy.
• Execute the repair design.
• Implement an on-site quality control program.

The life of a concrete structure can be affected by many 
factors, such as reinforcing steel corrosion, freeze-
thaw cycling, alkali-silica reactivity, carbonation, poor 
original construction, or inappropriate design details. A 
condition evaluation that identifies these problems, and the 
contributing factors that caused them, is essential to better 
develop a repair strategy that meets the owner’s expectations 
for service life and budget.

Surface Preparation
Concrete demolition and surface preparation techniques 
affect the longevity of concrete repairs. Lightweight (15-
lb) chipping hammers are preferred to remove deteriorated 
concrete because they are less likely to damage the concrete 

substrate (Fig. 2). Hydrodemolition is another effective way to 
remove deteriorated concrete. Whichever procedure is used, 
concrete removal should continue until all unsound concrete 
is removed and all corroded reinforcement is exposed.

The full circumference of the exposed reinforcing steel should 
be sufficiently exposed to allow a gloved hand to fully wrap 
around the reinforcing bar, approximately ¾ in. between the 
bar and the existing sound concrete. All cement and corrosion 
products should be removed from the exposed reinforcing 
steel by abrasive blasting to enhance repair longevity and 
promote a good bond. Special attention should be given to 
cleaning the back side of the reinforcement.

Figure 1. Failed shotcrete repair on a bridge pier cap. Photo: Vector Corrosion 
Technologies.

CBP
CONCRETE BRIDGE

PRESERVATION

Figure 2. Concrete is prepared for repair by removing deteriorated concrete using 
a small chipping hammer. Photo: American Concrete Institute Repair Application 
Procedure (RAP) Bulletin 6.
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Concrete Repair Materials
There are many factors to consider when selecting a concrete 
repair material. Characteristics that influence repair durability 
include cracking resistance (drying shrinkage, tensile 
strength, and modulus of elasticity), permeability, bond 
strength, thermal coefficient of expansion compatibility, and 
resistance to freezing and thawing. In situations where the 
repair material will be subjected to varying loads in service, 
the properties of the selected concrete repair material (for 
example, compressive strength and modulus of elasticity) 
should be similar to those of the parent concrete. 

Repair materials can consist of ready-mix concrete; site-
batched mortars and concrete; or preblended, bagged 
materials. Concrete repair materials differ in their set 
times, flow, and cohesiveness; these characteristics should 
align with the specific installation method (form and pour, 
trowel applied, or shotcrete). Portland cement–based 
repair materials should be wet cured, be covered with a 
protective material, or have a curing compound applied 
to prevent moisture loss, shrinkage cracking, and curling. 
The curing of the repair material can affect bond and 
durability. For proprietary blended repair mixtures, follow 
the manufacturer’s recommendations.

Finally, implementing a program for quality control helps 
ensure that the repairs have been completed appropriately. 
Some basic quality control procedures include confirming 
that the surface preparation is acceptable, performing repair 
material testing and bond testing, sounding the finished 
repair to detect voids or lack of bonding, and documenting 
the repairs with before-and-after photos (Fig. 5).

The prepared concrete substrate should be roughened, by 
a ¼ in. amplitude or greater, which normally means some 
coarse aggregate will be exposed. Before the concrete repair 
material is placed, the prepared concrete should be cleaned 
with abrasives or high-pressure water to remove any loose 
or deleterious materials that could inhibit bonding of the 
concrete repair material to the existing sound concrete.

Another important consideration is the shape of concrete 
repairs. Rectangular and square shapes without re-entrant 
corners minimize cracking of the repair material. To define 
the edges and minimize the potential for thin repairs or 
feathered edges, an approximately ¾-in.-deep saw cut is 
used to provide square edges around the repair boundary 
(Fig. 3).

If there is no corrosion of the steel reinforcement, concrete 
repairs can be completed without additional steel treatment 
and the alkaline repair material will protect the steel encased 
within the repair. Reinforcing bar coatings can provide 
additional protection to the steel; this is useful if minimal 
concrete cover exists or if there is a concern about future 
intrusion of contaminants. If the parent concrete is chloride 
contaminated, cathodic protection (impressed current or 
galvanic) or electrochemical chloride extraction may extend 
the life of the rehabilitated structure. For localized protection, 
Type 1 embedded galvanic anodes are commonly used to 
extend the service life of concrete repairs by mitigating 
accelerated corrosion adjacent to the repair (Fig. 4). 

Figure 3. Concrete repair area ready for repair with square edge geometry, 
saw-cut edges, and properly cleaned and exposed reinforcement. Photo: Vector 
Construction.

Figure 4. Type 1 galvanic anodes are placed in a concrete repair area to prevent 
future reinforcing steel deterioration and extend the service life of the repair. 
Photo: Vector Corrosion Technologies.

Figure 5. Before-and-after photos of a concrete repair are recommended as part 
of a quality control program.  Photos: Vector Construction.
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• International Concrete Repair Institute (ICRI). 2009. 
Guidelines and Recommendations for Safety in the 
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• ICRI. 2013. Guide for Using In-Situ Tensile Pulloff 
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ICRI Technical Guideline 210.3R-2013. St. Paul, 
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• ICRI. 2013. Selecting and Specifying Concrete 
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_____________

J. Chris Ball is chair of ACI Committee E706 Concrete Repair 

Education and senior vice president of Vector Corrosion 

Technologies in Frankfort, Ky.

Conclusion
The concrete repair industry has developed many excellent 
sources of information. For starters, the American Concrete 
Institute and International Concrete Repair Institute publish 
procedures for various concrete repair techniques. Some of these 
useful industry documents are listed at the end of this article. 

Lasting concrete repairs are not only possible but can 
become routine when concrete repair practices are sound. 
Don’t patch it—repair it!

Resources
• American Concrete Institute (ACI) Committee 546. 

2014. Guide to Materials Selection for Concrete 
Repair. ACI 546.3R-14. Farmington Hills, MI: ACI.

• ACI Committee 546. 2014. Guide to Concrete Repair. 
ACI 546R-14. Farmington Hills, MI: ACI. 

• ACI Committee E706. n.d. Certificate Program: 
Repair Application Procedures (online learning). 
Farmington Hills, MI: ACI.

• ACI Committee E706. 2020. Field Guide to Concrete 
Repair Application Procedures—Vertical and 
Overhead Spall Repair by Hand Application. RAP 
Bulletin 6. Farmington Hills, MI: ACI. 
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COUNTY

by Monica Schultes

Clare County Road Commission Seeks 
Higher Performance at Lower Cost 

with Open-Recipe UHPC Formula

The Kilgore Road Bridge Restoration 
Project in Kenockee, Mich., was one 
of the earliest field applications of a 
nonproprietary ultra-high-performance 
concrete (UHPC) in the United States. 
That early demonstration project in St. 
Clair County garnered national attention 
for its innovative use of open-recipe 
UHPC. With the successful completion of 
this project, the material has been used 
on several other similar projects.

Dewayne Rogers, managing director 
of the Clare County Road Commission 
(CCRC), was aware of the benefits of 
UHPC from his previous position in St. 
Clair County, and he was determined 
that Clare County, which is located 
in the center of Michigan's Lower 
Peninsula, would make use of the 
innovative construction material despite 
its reputation for being expensive and 
difficult to handle. He learned that the 
University of Michigan and the Michigan 
Department of Transportation (MDOT) 
were exploring how to translate the 
proven performance of proprietary UHPC 
to everyday use. An open recipe for 
UHPC was developed by Sherif El-Tawil, 
a University of Michigan professor of 
civil and environmental engineering, at 
the request of MDOT. That formula is 
now available to anyone interested in 
using it.1,2

Rogers was quick to use the open-recipe 
concept to produce robust concrete for 
maintenance purposes. “It was a challenge 
to raise our game and think creatively 
about our assets in the long term,” he says.

In addition to proving the inherent 
strength and durability of nonproprietary 
UHPC, the research team wanted to 
study the material’s impact on long-
term maintenance. “UHPC is still more 
expensive than regular concrete, but if 
you consider the effect over the lifetime 
of a bridge, then the cost becomes very 
competitive,” says Rogers. He adds, “There 
are substantial hidden cost savings. The 
extremely high strength of UHPC can 
result in a massive reduction in structural 
component weight, which reduces handling, 
transportation, and foundation costs. These 
savings add up and make the overall cost 
of UHPC structures competitive.”

“UHPC is still more 
expensive than regular 
concrete, but if you 
consider the effect over 
the lifetime of a bridge, 
then the cost becomes 
very competitive.”

Similar to projects across the United 
States that used proprietary UHPC 
mixtures, CCRC used the generic UHPC 
for closure pours between standard 
precast concrete elements. Rogers has 
also begun to precast concrete bridge 
elements using the open-recipe UHPC.

Mixture Workability 
After extensive testing to prove the 
open - recipe  UHPC per fo rmance 
characteris tics, the University of 
Michigan research team focused on the 
workability of the concrete. Even with 
the cost savings, concrete production in 
the field needed to be streamlined and the 
workability of the generic UHPC would 
determine its ultimate success. 

In the laboratory, the team had performed 
testing with a small drum mixer that 
replicated a concrete ready-mix truck. 
That method was then scaled up for field 
testing. “You have to change your mindset 
away from conventional concrete,” states 
Rogers. “Conventional concrete has been 
around forever, and you have to vibrate 
and finish it. Neither are required for 
UHPC. You can put away your trowel.”

The research team identified critical 
steps when preparing open-recipe UHPC. 
Careful consideration must be given to 
the mixing sequence, mixing time, mixing 

Developed at the University of Michigan, the open-recipe ultra-high-performance concrete (UHPC) was carefully batched in small amounts on site (left) for 
deck closure pours for the Kilgore Road Bridge Restoration Project in Kenockee, Mich. This demonstration project was one of the earliest field applications 
of a nonproprietary UHPC in the United States. UHPC is placed in the closure joint after being batched with the light blue mixer visible in the background 
(center). The protruding all-thread rods visible in the photo on the right support the bottom formwork to prevent leakage during placement of the UHPC in 
the closure joints. All Photos: Clare County Road Commission.
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the CCRC is ready to move up to larger 
projects. Any obstacles in its usage 
can be easily identified and overcome, 
says Rogers. After some trial and error, 
contractors and precasters can master 
the new procedures. 

Setting up for Success
With a focus on resiliency and a 100-year 
service life for bridge structures, Rogers 
had to experiment with the best way 
to use this potent technology. UHPC’s 
proven ability to withstand the harsh 

environment in Michigan, along with 
its versatility and high strength, make 
it ideal for extending the service life of 
bridges. “It is ideally suited for northern 
and midwestern climates that experience 
freeze-thaw cycles, and for structures 
subjected to extreme temperatures and 
deicing chemicals—conditions common 
in Michigan,” says Rogers. With this in 
mind, CCRC has already expanded the use 
of UHPC to precast bridge deck panels, 
which are made in a CCRC garage using 
ready-mix trucks to mix the UHPC.

speed, and temperature to achieve a 
homogenous batch. 

It is critical to combine the materials in 
a specific order. Dry ingredients such as 
cement, silica fume, and sand are mixed 
first. Then water and high-range water-
reducing admixtures are added and mixed 
into a slurry. The steel fibers are added 
last, and CCRC typically uses a screen to 
disperse fibers when adding them into the 
mixture. These procedures avoid common 
problems such as clumping of steel fibers 
or unmixed dry materials.

The CCRC maintenance crew was able 
to batch the dry ingredients, liquids, 
and steel fibers in the proper sequence 
to achieve the desired result. They 
demonstrated that with training and 
practice, the challenges of UHPC were 
not insurmountable. 

Steel Fibers
A key ingredient in UHPC is steel fibers. 
While the fibers themselves are small, 
they have a big impact on cost. Because 
of the fibers, open-recipe UHPC is 
still more expensive than conventional 
concrete. As the cost of steel fibers drops 
with their increasing use, the cost of the 
open-recipe UHPC will also fall. 

Many of the early projects were local 
bridges without much traffic, but now 

The mixer used by Clare County Road Commission staff to 
batch the open-recipe ultra-high-performance concrete in the 
field. 

The Clare County Road Commission has moved open-recipe ultra-high-performance concrete 
(UHPC) from the laboratory into the field. They used the UHPC mixture for a closure pour of 
concrete deck panels located on the Haskell Lake Road Bridge over the Clam River.

The National Concrete Bridge Council (NCBC), with its 
supporting member organizations, is pleased to bring you this 
summer’s premier virtual workshop series on concrete bridges 
and how to repair, maintain, and extend their life cycle.
All Webinars will be 2:00 – 3:30 p.m. EDT

Date: July 7th, 2022

Evaluating 
Concrete Bridges02

Date: August 18th, 2022

Strengthening 
Bridge Assets05

Date: June 23rd, 2022

Fundamentals 
of Concrete01

Date: August 4th, 2022

Concrete Repair
10104

Date: July 21st, 2022

Analyze, Design & 
Select the Solution03

Date: September 1st, 2022

Delivering Long-Term 
Bridge Protections06

The 6-part series, supported by Structural Technologies, includes interactive sessions 
with industry experts sharing proven methodology which identifies root causes of is

Brought to you by:

http://nationalconcretebrigde.org
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Rogers has a passion for sharing his lessons 
learned with anyone who is interested in 
the CCRC projects. For example, he says 
that there are challenges on hot days when 
the UHPC sets up too fast, and on cold 
days when the curing time is extended. In 
addition, the flowability of UHPC requires 
well-constructed formwork to eliminate 
leakage. Threaded rods and nuts are 
typically used to ensure that the bottom 
formwork does not leak.  

“It is important to consider the big 
picture,” says Rogers. “We wanted to be 
innovative and look for ways to extend the 
life of our bridges. We were willing to pay 
slightly more in first costs for a bridge 
that will last 100 years.” He predicts 

that once use of the open-recipe UHPC 
is more widespread, the cost will come 
down. In the meantime, CCRC is exploring 
ways to design with lighter precast UHPC 
components and cross sections.

While UHPC has been available in the 
United States, the proprietary materials 
were cost prohibitive. The generic, cost-
optimized UHPC using local materials 
from local suppliers is an important step 
forward. Projects in Michigan will inspire 
the increased use of open-recipe UHPC 
designs and will encourage the widespread 
use of nonproprietary UHPC. While some 
new knowledge is required, contractors will 
be able to leverage their existing expertise 
for UHPC-based solutions.
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The Clare County Road Commission maintenance crew has used the open-recipe ultra-high-performance concrete (UHPC) to precast bridge deck panels in 
their garage. By paying careful attention to the mixing sequence, time, speed, and temperature, the crew has even been successful producing consistent batches 
when mixing the UHPC using ready-mix trucks.

A wheelbarrow was used to convey the open-
recipe ultra-high-performance-concrete mixture 
from the mixer to the joints on the Haskell Lake 
Road Bridge repair project.

Haskell Lake Road Bridge repairs made use of generic ultra-high-performance concrete to withstand the 
harsh winters in Michigan. The surface of the bridge was diamond ground to level the closure joints, then 
an epoxy overlay was applied to protect the joints and provide a smooth riding surface.

https://www.michigan.gov/documents/mdot/SPR-1670-2019_644044_7.pdf
https://www.michigan.gov/documents/mdot/SPR-1670-2019_644044_7.pdf
https://www.michigan.gov/documents/mdot/SPR-1670-2019_644044_7.pdf
https://www.concrete.org/publications/getarticle.aspx?m=icap&pubID=51725915
https://www.concrete.org/publications/getarticle.aspx?m=icap&pubID=51725915
https://www.concrete.org/publications/getarticle.aspx?m=icap&pubID=51725915


CONCRETE BRIDGE TECHNOLOGY

40 | ASPIRE Summer 2022

by W. Cabell Garbee II and Jason L. Civils, North Carolina Department of Transportation

Using Standard Repair Procedures 
to Streamline the Repair Process 
for Prestressed Concrete Members

The North Carolina Department of 
Transportation (NCDOT) has 18,877 
bridges in the state inventory, with 
1325 (7%) classified as poor condition 
according to the January 2022 National 
Bridge Inventory data. With the return 
of gas-tax revenues from a resurgence 
of travel and increased funding from 
the Infrastructure Investment and 
Jobs Act, also known as the Bipartisan 
Infrastructure Deal, the number of 
bridges that are scheduled to be replaced, 
repaired, or newly constructed, according 
to NCDOT’s current 5-year schedule, is 
expected to increase by approximately 30 
bridges, large and small, per year. 

The proposed schedule will provide 
increased  oppor tuni t i e s  for  the 
prestressed concrete industry to produce 
bridge components for use on the NCDOT 
network. It will also require even greater 

cooperation and streamlining of processes 
used by NCDOT and producers to ensure 
timely delivery of projects. 

One of the responsibilities of NCDOT’s 
Materials and Tests (M&T) Unit is to 
approve prestressed concrete members 
before shipment from the production 
facilities to project sites. To ensure 
that prestressed concrete members 
are fabricated according to NCDOT’s 
Standard Specifications for Roads 
and Structures and specific contract 
requirements, an M&T Unit inspector 
is assigned to each facility to perform 
quality assurance checks alongside the 
producer’s quality control personnel, and 
to inspect and approve the members.1

At times, as-cast members have repairable 
defects. These defects are documented by 
the M&T inspector and are submitted, 

along with the producer’s detailed repair 
procedure, as a nonconformance report 
(NCR) to the Structures Management 
Unit (SMU) for review and approval. After 
a repair procedure has been approved by 
the SMU, the repair is performed in the 
presence and to the satisfaction of the 
on-site NCDOT inspector, who updates 
the NCR to document the repair and 
then prepares the usual and customary 
shipment authorizations.

During a regular Georgia/Carolinas 
PCI–NCDOT Joint Technical Committee 
meeting, methods of streamlining and 
improving the NCR process were discussed. 
A suggestion was made to standardize 
the procedures for repairing common 
defects for which producers had been 
submitting essentially the same procedures 
over and over. An ad hoc committee with 
members from the M&T Unit and the 

Void in the bottom flange at the end of a girder observed after form removal (left). Completed repair of void after finishing (right). A high-modulus, two-
component structural epoxy adhesive that was mixed with oven-dried sand was used for the repair, which was similar to North Carolina Department of 
Transportation Standard Repair Procedure,  but on a larger scale. All Photos: North Carolina Department of Transportation.
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EDITOR’S NOTE

The first of the NCDOT Standard 
Repair Procedures, “SRP-01, Vertical 
Cracks,” includes provisions for 
rejecting some girders with vertical 
cracks prior to detensioning. These 
provisions are not consistent with 
industry practice, as stated in 
PCI MNL-137, which says vertical 
cracks prior to detensioning that 
close to a width of 0.006 in. or less 
have no engineering effect on the 
girder, so the girder is fit for service 
without repair. MNL-137 requires 
consideration of other factors when 
vertical cracks occur at certain 
locations.

NCDOT website for unrestricted access.2

Microsoft Word versions have been shared 
with the M&T Unit’s prestressed concrete 
inspection staff and with PCI producer 
members in the Georgia/Carolinas, Mid-
Atlantic, and Central Regions.

To further enhance communication and 
strengthen the NCR process, NCDOT is 
working to develop a semiautomated 
tracking system using the features of 
a web-based collaborative platform to 
streamline the submittal, tracking, and 
filing of the requests and repairs. The 
system will ensure that any Standard 
Repair Procedures that have been used 
for a girder are properly shared and 
retained for future reference during 
the life of the structure. The system is 
also designed to allow use, review, and 
tracking of nonstandard repairs that 
require engineering review, as well as 
tracking and reporting of the types of 
nonconformances and the frequency of 
use for each repair. 

When repair procedures require review, 
NCDOT typically allows 10 working days 
for review of repairs by the engineer 
of record via the SMU. For precast 
concrete members with defects that 
can use a Standard Repair Procedure, 
the time required for approval has been 
reduced in most cases to 1 day or less. As 
a result, producers are able to expedite 
repairs and obtain approval and shipping 
authorizations faster for affected 
members, and SMU staff can focus more 
time and resources on reviewing more 
critical repairs and other tasks.

The authors wish to thank the members 
of Georgia/Carolinas PCI and the 
NCDOT Structures Management Unit 

for their assistance in both developing 
the procedures discussed herein and 
preparing this article.
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SMU reviewed the NCR submittals for 
the previous 3 years and selected the most 
common submittals for discussion.

After the first group of common NCRs 
was selected, members of the SMU’s 
Working Drawing Review group used 
previously submitted repair procedures 
to draft consolidated standard repairs. 
These drafts were then given to volunteers 
from Georgia/Carolinas PCI for review 
and comment and to ensure that they 
conformed to PCI standard practices 
as well  as the NCDOT Standard 
Specifications.

The first Standard Repair Procedure  
was formally approved and adopted 
on January  9, 2020. Standard Repair 
Procedures have a number of conditions 
that must be met for the repair to be 
exempt from review by the SMU. If the 
conditions are met, the repair is performed 
and an NCR is created for documentation. 
If the conditions are not met, or the initial 
repair is not satisfactory, an NCR is created 
and submitted to the SMU for review.

Following the completion of the first 
Standard Repair Procedure, seven 
more have been created, covering such 
items as longitudinal cracks, spalls, 
missing or broken continuity bars, and, 
most recently, shrinkage cracks.2 With 
assistance from members of Georgia/
Carolinas PCI, the SMU, and others, 
it is expected that additional Standard 
Repair Procedures will be developed 
to streamline the review process for 
additonal types of nonconforming 
prestressed concrete members.

NCDOT’s Standard Repair Procedures 
have been posted in PDF form on the 

Photos of the preparation and repair of a defect at the corner of the bottom flange of a prestressed concrete girder. The left photo is a close-up of the area prepared 
for repair by removing unsound concrete from the void area and squaring the edges. The center photo is an overhead view of the same area to be repaired 
where concrete has been chipped out behind the strand. The right photo shows the completed repair. An on-site North Carolina Department of Transportation 
(NCDOT) inspector documents the defect, is present during the repair, and, if satisfied, approves the repair. This defect is similar to one of the NCDOT Standard 
Repair Procedures, but it is deeper than the limit so the  Materials and Tests Unit inspector needs to document the defect. That documentation, along with the 
producer’s detailed repair procedure, is then submitted as a nonconformance report to the Structures Management Unit for review and approval.

https://connect.ncdot.gov/resources/Specifications/Pages/StandSpecifications.aspx
https://connect.ncdot.gov/resources/Specifications/Pages/StandSpecifications.aspx
https://connect.ncdot.gov/resources/Specifications/Pages/StandSpecifications.aspx
https://connect.ncdot.gov/resources/Materials/Pages/Prestress-Concrete-Standard-Repair-Procedures.aspx
https://connect.ncdot.gov/resources/Materials/Pages/Prestress-Concrete-Standard-Repair-Procedures.aspx
https://connect.ncdot.gov/resources/Materials/Pages/Prestress-Concrete-Standard-Repair-Procedures.aspx
https://connect.ncdot.gov/resources/Materials/Pages/Prestress-Concrete-Standard-Repair-Procedures.aspx
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A lthough design engineers are tasked
with designing bridges based on 

current standards and specifications, 
they may overlook or not have a firm 
understanding of temporary loads 
and conditions during construction. 
Construction engineers develop the 
means and methods to safely build 
bridges and evaluate various components 
or partially completed bridges under 
construction loads. However, in some 
cases, construction loads may control 
aspects of the bridge design that can 
lead to schedule delays and claims if not 
addressed during design.

Ar t ic le  1 .3 .1  of  the  Amer ican 
Association of State Highway and 
Transportation Officials’ AASHTO 
LRFD Bridge Design Specifications1

states, “Bridges shall be designed for 
specified limit states to achieve the 
objectives of constructability, safety, 
and serviceability...” Because bridge 
designers have to make assumptions 
about how a contractor will build 
a bridge, their design can satisfy this 
clause for one set of assumptions but 
may not satisfy it for another set of 
assumptions, especially for complex 
br idges ,  long- span br idges ,  o r 
bridges with difficult site conditions. 
For this reason, aspects of safety, 
constructability, and stability during 
construction  have traditionally 
been delegated to the contractor and 
the construction engineer, with the 
design engineer focused on specific 
code provisions and owner’s guide 
specifications for the final in-place 
structure. However, awareness of 
construction challenges can help design 
engineers anticipate and mitigate 
potential issues during the design 
process. This does not alleviate the 
construction engineer’s responsibility to 
consider temporary loads throughout 
construction. Some items are better 
addressed through construct ion 
submittals, as each contractor will have 

different means and methods. However, 
the following are a few temporary 
construction load conditions that 
should be considered and addressed, if 
needed, during the design phase.

Girder Stability
Girder stability is a significant concern 
during construction even before the 
girder is in place, especially as span 
lengths continue to increase. Article 
5.5.4.3 of the AASHTO LRFD 
specifications states, “Buckling and 
stability of precast members during 
handling, transportation, and erection 
shall be investigated.”  Furthermore, the 
commentary states that lateral bending 
stability analysis should be based on 
PCI’s Recommended Practice for Lateral 
Stability of Precast, Prestressed Concrete 
Bridge Girders.2 This PCI publication, 
along with its companion publication, 
User Manual for Calculating the Lateral 
Stability of Precast, Prestressed Concrete 
Bridge Girders,3 provides explicit 
guidance and spreadsheets for evaluating 
girder stability. Both PCI documents 

are available for free download in PCI’s 
online bookstore. These are useful tools 
for owners, designers, construction 
engineers,  and precast  concrete 
manufacturers.

“Buckling and 
stability of precast 
members during 
handling, transportation, 
and erection shall 
be investigated...”  
— AASHTO LRFD 
specifications, Article 
5.5.4.3
Wind Loads During 
Construction
Traditionally, wind loads are applied to a 
bridge after the deck is in place and the 
deck provides the benefit of bracing the 

by Brian Witte, Parsons

Consideration of Construction Loads 
During Bridge Design

Erecting a 196-ft-long girder for the High Rise Bridge in Chesapeake, Va. Moving girder pick points 
in from the end of the girder, as can be seen in this photo, is one method of improving girder stability 
during erection. All Photos: Parsons.
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girder top flange with diaphragm action. 
Although girders are most vulnerable 
to wind before deck placement, until 
recently there has been no specific 
guidance (other than some owners’ 
design guides) regarding how to address 
wind loads during construction. This was 
remedied by the 2017 publication of the 
AASHTO Guide Specifications for Wind 
Loads on Bridges during Construction.4

Although the projected wind area of 
a girder is smaller than the completed 
bridge cross section, studies found higher 
drag coefficients on individual girders 
and additional drag forces on leeward 
girders before the deck formwork is in 
place. These effects combine to generate 
higher wind pressures on girders before 
decking than would be predicted using 
the AASHTO LRFD specifications 
methodology for in-service loads. These 
wind loads during construction become 
increasingly important with very long 
precast concrete girders. Because these 
wind loads are applied to the erected 
girder before deck placement, temporary 
bracing may be required to resist these 
forces. Temporary cross-frame bracing 
(that is, a horizontal bracing system to 
resist lateral loads) is typically designed 
by the construction engineer; however, 
very long girders may require lateral 
plan bracing if exposed to high wind 
loads during construction. Because 
this type of bracing is uncommon for 
precast concrete girders, designers should 
identify whether lateral plan bracing is 
needed.

Overhang Falsework
Cantilever falsework brackets hanging 
from fascia girders are typically used 
to support deck overhang concrete, 
personnel live load, and the deck-
finishing screed equipment during deck 
casting. Deck-finishing equipment 
typically consists of the deck screed, 
weighing 12 to 20 kips, followed by 
one or two finishing bridges, weighing 
1 to 3 kips each, riding along the edge of 
deck formwork. The overhang brackets 
impose vertical and torsional loads on 
the exterior girder. The torsional loads 
are typically resisted by connections to 
interior girders through permanent or 
temporary intermediate bracing or end 
diaphragms. For small overhangs on 
short girders, this effect may be minimal; 
however, the influence of large overhangs 
or long girders is more pronounced 
and must be considered. Some owners 

have standard details for permanent 
intermediate bracing between precast 
concrete girders that have been evaluated 
for typical overhangs. However, there are 
situations in which typical permanent 
bracing details should be checked to 
ensure there is adequate capacity to 
resist loads from a large overhang, high 
wind loads during construction, or both. 
If permanent bracing is not required, 
the construction engineer must check 
the stability of the in-place exterior 
girder before and during deck concrete 
placement and provide temporary 
bracing if needed. In both cases, the 
design engineer needs to be aware of 
the temporary condition of the girders 
during construction and include these 
potential load cases in their calculations 
to ensure a constructable design. (PCI’s 
Recommended Practice for Lateral Stability 
of Precast, Prestressed Concrete Bridge 
Girders2 can be consulted for additional 
guidance.)

Some contractors prefer to install 
overhang brackets before erecting bridge 
girders to reduce worker exposure to 
heights. Although this approach 
improves worker safety, the construction 
engineer must evaluate the girder for 
the additional torsional moment and 
possible instability imposed by the 
overhang brackets while the girder is 
supported by cranes and after it is set on 
bearings. Because this situation depends 
on contractor preference, it would not 
be reasonable to expect a designer to 
consider this load case.

Bridge designers will seldom have a 
perfect understanding of how any given 

contractor will approach a construction 
project, and often that imperfect 
perspective will not affect the success 
of projects involving standard bridges 
of modest span lengths. However, 
most bridge projects will benefit if 
the designer considers temporary 
construction loads during the design 
phase to improve constructability and 
reduce the potential for schedule delays 
and claims. 
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Erecting an exterior girder with preinstalled overhang brackets for the Kicking Horse Canyon 
project, Phase 4, in Golden, BC, Canada. Because the preinstalled overhang brackets impose 
vertical and torsional construction loads on the exterior girder, lateral stability of the girder must be 
investigated while the girder is supported by cranes and after it is set on bearings.
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Details on Two Upcoming Changes to the 
AASHTO LRFD Bridge Design Specifications: 
Creep and Shrinkage Estimates and Regions 
Requiring Minimum Transverse Reinforcement
by Dr. Oguzhan Bayrak, University of Texas at Austin

At its summer 2021 meeting, the 
American Association of State 

Highway and Transportation Officials 
(AASHTO) Committee on Bridges 
and Structures approved 11 agenda 
items to the AASHTO LRFD Bridge 
Design Specifications.1 In previous 
articles published in the Fall 2021 
and Winter and Spring 2022 issues 
of ASPIRE®, I discussed some of 
these 11 agenda items and provided 
details on upcoming changes to the 
specifications that were approved in 
2021. In this article, I provide insights 
and details on two additional agenda 
items that were approved in 2021 and 
will be published in the 10th edition 
of the AASHTO LRFD Bridge Design 
Specifications. These items have been 
topics of ongoing technical debate 
and research within the structural and 
bridge engineering communities.

Creep and Shrinkage 
Estimates for 
Segmentally Constructed 
Concrete Bridges

In its simplest form, creep can be 
defined as the volume changes that 
concrete experiences under sustained 
loads. Shrinkage, which is made up 
of autogenous and drying shrinkage 
components, also causes volume 
changes, but the volume changes are 
not load related. Autogenous shrinkage 
is caused by the chemical reaction 
that takes place in early-age concrete, 
and drying shrinkage is basically the 
volume reduction that results from 
loss of moisture in hardened concrete. 
These volume changes are influenced 
by the type and volume fraction of 
the constituent materials used in the 
fresh concrete mixture, loading age, 
volume-to-exposed surface area ratio 
of the structural component, exposure 

time, and ambient conditions—to list 
just some of the key factors. Bridge 
construction type, locally available 
materials and associated concrete 
mixture proportions, specified strength 
of concrete at transfer of prestress and/
or at the time of post-tensioning, and 
the final compressive strength of concrete 
are additional design- and construction-
related factors that directly or indirectly 
affect the volume changes that bridge 
components experience. 

For many bridge owners, concrete 
bridges provide a versatile solution, 
partly thanks to the flexibility in 
design and analysis decision-making 
that they allow both the owners 
and designers. With this backdrop, 
researchers have contributed over the 
years to the development of different 
approaches to estimating creep and 
shrinkage effects. These approaches 
vary in their complexity, accuracy, 
and application. But regardless of the 
calculation type and reference design 
code or specification, prestress losses 
stemming from creep- and shrinkage-
induced volume changes cannot be 
determined to high levels of accuracy. 
In the author’s opinion, even the most 
sophisticated efforts can result in ±25% 
to 30% variability compared with 
experimental and field measurements.

The agenda item is intended to clarify 
the techniques that are most appropriate 
for estimating creep and shrinkage for 
segmentally constructed bridges. With 
the upcoming changes to the AASHTO 
LRFD specifications, the third and 
fourth paragraphs of Article 5.4.2.3.1 
will be revised to reference acceptable 
codes and provisions,2-5 as follows:

Except for segmentally 
constructed bridges, or where 
mix-specific data are not 

available, estimates of shrinkage 
and creep may be made using the 
provisions of any of the following:

• Articles 5.4.2.3.2 and 
5.4.2.3.3,

• The fib Model Code for 
Concrete Structures 2010
(fib 2010), 

• CEB-FIP Model Code for 
Concrete Structures 1990
(CEB 1990), or

• ACI 209.2R-08, Guide for 
Modeling and Calculating 
Shrinkage and Creep in 
Hardened Concrete, First 
Printing May 2008.

For segmentally constructed 
bridges, estimates of shrinkage 
and creep may be made using the 
provisions of the fib Model Code 
for Concrete Structures 2010 (fib
2010), or the CEB-FIP Model 
Code 1990 (CEB 1990). In 
addition, a more precise estimate 
shall be made, including the 
effect of the following:

• specific materials when 
known,

• structural dimensions,
• site conditions,
• construction sequence, and
• concrete age at various 

stages of erection.
In addition, the corresponding 

commentary will be revised to include 
the following:

Comparisons of creep 
coefficients show that AASHTO 
Article 5.4.2.3.2 and ACI 209 
estimate lower creep coefficients 
than the fib Model Code for 
Concrete Structures 2010 (fib
2010) and the CEB-FIP Model 
Code 1990 (CEB 1990) in 
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segmentally constructed bridges. 
The use of the fib Model Code 
for Concrete Structures 2010
(fib 2010) is recommended by 
the American Segmental Bridge 
Institute for creep and shrinkage 
calculations of segmentally 
constructed bridges.

Where mix-specific data are 
available, more precise models 
can be utilized for creep 
and shrinkage estimates for 
segmental bridges, including the 
B4 model from American Society 
of Civil Engineers (ASCE), 9th 
International Conference on 
Creep, Shrinkage, and Durability 
Mechanics: Pages 429-436 “The 
B4 model for multi-decade creep 
and shrinkage prediction” by R. 
Wendner, M. H. Hubler, and Z. 
P. Bažant.

The changes made to the AASHTO 
LRFD specifications for creep and 
shrinkage calculations for segmentally 
constructed bridges reflect current, as 
well as past, design practices. These 
changes were motivated by the concerns 
raised by some design professionals, 
that, despite the ongoing conventions 
employed by knowledgeable designers 
in the industry, it is possible for some 
designers to make decisions that could be 
inconsistent with the industry standards 
and conventions while seemingly being 
in conformance with the applicable 
design rules. 

Regions Where Minimum 
Transverse Reinforcement 
Is Required

The size effect on shear behavior, 
especially for beam shear, has been 
a topic of discussion and research for 
many decades. Whereas modern design 
specifications have provisions that 
explicitly consider the size effect and 
the associated reduction in concrete 
contribution to shear strength, early 
attempts were aimed at providing 
a minimum quantity of transverse 
reinforcement and mitigating the size 
effect. The shear design provisions of 
the AASHTO LRFD specifications, 
which are based on the modified 
compression field theory given in Article 
5.7.3, explicitly consider the size effect. 
In regions where a minimum quantity 
of transverse reinforcement is used, in 

compliance with the Section 5 design 
provisions, the concrete contribution to 
shear strength is calculated differently 
than in regions where the minimum 
transverse reinforcement is not provided. 
It is with this understanding that the 
specifications provide guidance on 
regions where a minimum quantity 
of transverse reinforcement shall be 
provided.

Except for slabs, footings, and 
culverts, Article 5.7.2.3 of the current 
AASHTO LRFD specifications requires 
that transverse reinforcement be 
provided when 

Vu > 0.5φ(Vc + Vp )

where 
Vu = factored shear force
φ = resistance factor for shear
Vc = nominal shear resistance of 

the concrete
Vp = component of prestressing 

force in the direction of the 
shear force

However, it is not clear whether this 
requirement applies to conventional 
retaining walls. This working agenda 
item is intended to remove that 
ambiguity. It is important to note 
that Article 5.2 defines a slab as “a 
component having a width of at least 
four times its effective depth.” 

Retaining walls typically meet the 
definition for a “slab” and therefore are 
exempt from the minimum transverse 
reinforcement requirements of Article 
5.7.2.3. Accordingly, Article 5.7.2.3 is 
revised to read as follows:

Except for footings, culverts, 
slabs, and other members that 
meet the Article 5.2 definition of 
a slab, transverse reinforcement 
shall be provided where: 

• Vu > 0.5φ(Vc + Vp )

or

• Where consideration of 
torsion is required by Eq. 
5.7.2.1-3.

The commentary in Article C5.7.2.3 
is also revised as follows:

Transverse reinforcement is 
required in all regions where 
there is a significant chance of 
diagonal cracking. Slabs are 
defined as members that have 

widths at least four times their 
effective depth, and therefore 
members such as cantilever semi-
gravity (conventional) retaining 
walls can be considered exempt 
from these requirements. 

Publication of 10th Edition 
Delayed

The effects of COVID-19 on our 
community have been felt by many and 
in a variety of ways. In this context, 
AASHTO made the decision to 
continue the technical work on working 
agenda items to improve the AASHTO 
LRFD specifications and delay the 
publication of the new edition until 
2024. The positive side of this delay is 
that it gives the AASHTO Technical 
Committee T-10 Concrete Design, 
along with other technical committees, 
an additional year to continue their 
work and improve concrete bridge 
design specifications. I will continue to 
provide updates on approved changes to 
the AASHTO LRFD specifications in 
future ASPIRE articles.
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The performance of a bridge or bridge compo-
nent depends on multiple factors, many of which 
are closely linked. These factors include the origi-
nal design parameters and specifications, such as

• bridge type;
• materials, geometries, and load capacities;
• initial quality of materials and quality of the 

as-built construction;
• varying conditions of climate, air quality, 

and soil properties; and
• corrosion and other deterioration processes.
Other factors that might influence performance 

include traffic volumes; counts and weights of 
truck loads and truck live-load impacts; and dam-
age caused by scour, seismic events, wind, and 
water or ice flow. A critical factor that influences 
performance is preventive maintenance, includ-
ing the type, timing, and effectiveness of minor 
and major rehabilitation actions and, ultimately, 
the maintenance or replacement actions applied 
to elements of a bridge.

The Federal Highway Administration 
(FHWA) initiated its Long-Term Bridge Perfor-
mance (LTBP) Program to enhance knowledge 
about why and how bridges deteriorate. The pri-

mary program objectives listed in the following 
section are expected to improve the understand-
ing of long-term bridge performance and result 
in more efficient bridge design, construction, 
rehabilitation, maintenance, preservation, and 
management.

Primary Objectives
The primary objectives of the LTBP Program 

are to
• collect, manage, and provide easy access to 

data;
• perform in-depth data analysis; and
• develop tools and products to aid in under-

standing bridge performance.
Since the initiation of the LTBP Program’s 

data collection efforts, many advances have been 
made in methods and automation for both the 
collection and processing of various data types. 
With this in mind, the LTBP Program managers 
determined that a reassessment of data collection 
needs was appropriate. FHWA conducted a data 
collection workshop in 2021 to receive input 
from subject matter experts from state highway 
departments, industry, academia, and FHWA 

regarding the LTBP Program’s future approach 
to data collection. A great deal of information 
was gleaned from the workshop. An analysis of 
the input received during the workshop and the 
lessons learned from past LTBP data-collection 
efforts resulted in the FHWA revising its data-
collection strategies. A summary report describes 
the workshop and the two data-collection strate-
gies developed.1

Near-Term Data-Collection 
Strategies

The first aspect of potential near-term data 
collection is to perform desk-audit-based data 
collection. The workshop identified the follow-
ing potential areas for near-term, desk-audit-
based data collection:

• Design and construction data
• Deicing chemical application rates
• Inspection reports
• Maintenance, preservation, and rehabilita-

tion actions
• State policies on deicing chemical applica-

tion, deck washing, deck and crack sealing, 
overlays, and other deck treatments

• New bridge construction and deck replace-
ments

• Steel coatings
• Operational information regarding live loads 

and permit vehicles
• Environmental factors such as precipitation, 

temperature range, and proximity to the coast
• Joints and bearings
The collection of design and construction data, 

for instance, would fall into this desk-audit cat-
egory. Obtaining the documentation from which 
design and construction data are extracted can 
be accomplished in an office environment. This 
desk-audit-based approach will provide context 
for other data and prove beneficial to the bridge 
community. Some protocols have been developed 
already, such as for extracting design and con-
struction data. Additional protocols for this type 
of desk-audit data will be developed, as needed, to 
ensure collection of consistent, high-quality data.

FHWA’s Long-Term
Bridge Performance
Program—Moving Forward
by Dr. Robert Zobel, Federal Highway Administration

Image from the Long-Term Bridge Performance Program webpage, which includes a link 
to the LTBP InfoBridge portal for dissemination and visualization of data, information, 
and products from the Long-Term Bridge Performance Program. Figure: Federal 
Highway Administration.
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The second potential near-term data-collection 
activity, which was identified during workshop 
discussions, is to collect field performance-related 
data by leveraging the efforts of external entities. 
To accomplish this, the LTBP Program will dis-
seminate protocols to states and researchers to 
obtain field data from state-sponsored research 
initiatives that would meet the requirements of 
the LTBP Program, so the data from these efforts 
could be included in the database. The data pro-
vided to FHWA from LTBP Program projects or 
state-sponsored research using the LTBP Program 
data protocols will be made available through In-
foBridge, the LTBP Program’s data and analysis 
portal.2 (For more information on InfoBridge, 
see the FHWA articles in the Winter and Spring 
2020 issues of ASPIRE ®.)

The third aspect of potential near-term data 
collection-related activities identified is to com-
plete the second phase of an accelerated bridge 
performance testing project, which is currently 
underway and includes collecting performance 
data. A four-girder, single-span steel bridge, with 
both environmental and structural loadings, is 
currently undergoing accelerated testing at Rut-
gers University in New Jersey. The primary ob-
jective of the testing is to assess the performance 
of the concrete deck. During the first phase of 
testing, approximately 2 million load cycles and 
85 freezing-and-thawing cycles were applied. A 
6% brine solution was also applied to the deck 
after each heating cycle. After approximately ev-
ery 200,000 load cycles, nondestructive testing 
(NDT) data were collected, which resulted in 
14 rounds of NDT data during the first testing 
phase. Additional data are collected with various 
temperature, strain, and displacement sensors. 
The second phase of the project involves installing 

two overlays (latex-modified concrete and ultra-
high-performance concrete), with each placed 
longitudinally over half of the bridge deck, fol-
lowed by additional accelerated testing to study 
the performance of each overlay material.

Long-Term Data Collection
Extensive resources and an optimized strategy 

are required to collect data to study the long-term 
performance of bridges. However, the strategy 
should not consist of gathering all desired data at 
any cost. It is imperative to determine the value 
and use of any data collected. The LTBP Program 
is currently conducting studies to assess the over-
all value of already-collected data—namely, data 
collected through the ongoing accelerated testing 
experiment and field data from earlier LTBP ef-
forts—to help guide the path forward.

Additionally, FHWA has identified three poten-
tial long-term data collection activities. The first ac-
tivity involves data collected by others, as discussed 
in the previous section. The second potential ac-
tivity is to conduct additional targeted accelerated 
testing of different bridge specimens. The third 
long-term potential data collection activity identi-
fied is to target field data collection to be conducted 
on a limited basis and used primarily for validation 
purposes. Any of these potential field data collec-
tion activities will be subject to the findings of the 
data utility studies currently underway.

Moving forward, the LTBP Program will con-
tinue to develop needed protocols for several of 
the desk-audit data categories in preparation 
for a new program technical support contract. 
Through this new contract, the LTBP Program 
will initiate near-term data collection activities.

For more information, please contact 
Dr. Robert Zobel at robert.zobel@dot.gov.
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EDITOR’S NOTE

FHWA’s Long-Term Bridge 
Performance (LTBP) website 
(https://highways.dot.gov/research
/long-term-infrastructure
-performance/ltbp/long-term
-bridge-performance) is an excellent 
resource to learn more about the 
development and progress of the 
LTBP Program. The website includes 
links to the InfoBridge portal and 
LTBP Program publications, including 
the Long-Term Bridge Performance 
Program Protocols,3 which discusses 
the original data-collection 
strategies of the program.

https://infobridge.fhwa.dot.gov/Content/Documents/Publications/LTBP_Data_Collection_Workshop_Summary_Report_Number_FHWA-HRT-22-015.pdf
https://infobridge.fhwa.dot.gov/Content/Documents/Publications/LTBP_Data_Collection_Workshop_Summary_Report_Number_FHWA-HRT-22-015.pdf
https://infobridge.fhwa.dot.gov/Content/Documents/Publications/LTBP_Data_Collection_Workshop_Summary_Report_Number_FHWA-HRT-22-015.pdf
https://infobridge.fhwa.dot.gov/Content/Documents/Publications/LTBP_Data_Collection_Workshop_Summary_Report_Number_FHWA-HRT-22-015.pdf
https://infobridge.fhwa.dot.gov/Content/Documents/Publications/LTBP_Data_Collection_Workshop_Summary_Report_Number_FHWA-HRT-22-015.pdf
https://infobridge.fhwa.dot.gov/
https://infobridge.fhwa.dot.gov/
https://www.fhwa.dot.gov/publications/research/infrastructure/structures/ltbp/16007/16007.pdf
https://www.fhwa.dot.gov/publications/research/infrastructure/structures/ltbp/16007/16007.pdf
https://www.fhwa.dot.gov/publications/research/infrastructure/structures/ltbp/16007/16007.pdf
https://www.fhwa.dot.gov/publications/research/infrastructure/structures/ltbp/16007/16007.pdf
https://highways.dot.gov/research/long-term-infrastructure-performance/ltbp/long-term-bridge-performance
https://highways.dot.gov/research/long-term-infrastructure-performance/ltbp/long-term-bridge-performance
https://highways.dot.gov/research/long-term-infrastructure-performance/ltbp/long-term-bridge-performance
https://highways.dot.gov/research/long-term-infrastructure-performance/ltbp/long-term-bridge-performance
https://www.pci.org/committeedays
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https://www.pensacolabaybridge.com
The 106-span Pensacola Bay Bridge replacement is the focus 
of the Project article on page 20. This is a link to the official 
project website, which has several videos composed of 
animations, film, and renderings showcasing construction 
activities, in-service experiences, and community outreach 
programs related to the project. 

https://www.mdt.mt.gov/other/webdata/external/
cadd/RDM/SAMPLE-PLANS/Reconstruct.PDF
The Project article on page 16 presents a 10 mile U.S. Route 2 
rehabilitation effort in remote northern Montana, which 
includes several bridge rehabilitation and replacement projects. 
This is a link to the plans for the Lohman E & W project.

https://www.youtube.com/watch?v=aFQLcBM4_Z8
This is a link to a YouTube video of the virtual public meeting 
for the Massachusetts Department of Transportation 
Acceler-8 Interstate 90 project, held on February 9, 2021. 
The meeting presents, in detail, project aspects and schedule. 
The project, which used accelerated bridge construction 
techniques, is the focus of the Project article on page 24.

https://www.pci.org/PCINE/Technical_Resources
/Bridge_Resources/NEXT_Beam.aspx
The Interstate 90 Acceler-8 project in Massachusetts, 
described in the Project article on page 24, used Northeast 
Extreme Tee D beams to reduce project costs and accelerate 
construction. This is a link to the Northeast Extreme Tee 
(NEXT) Beam web page on the PCI Northeast website.

http://www.seattle.gov/transportation/projects
-and-programs/programs/bridges-stairs-and-other
-structures/bridges/west-seattle-bridge-program
The repair of the West Seattle Bridge is one of the case 
studies presented in the Concrete Bridge Preservation 
article on page 28. This is a link to a Seattle Department of 
Transportation web page that provides information on the 
repair project, including a narrated video. The web page also 
includes links to the bridge replacement study, additional 
repair videos, and detour information..

https://www.concrete.org/portals/0/files/pdf/rap-6.pdf
Concrete repair is a topic of both a Concrete Bridge 
Technology article on page 40 and a Concrete Bridge 
Preservation article on page 34. The American Concrete 
Institute (ACI) has published several Repair Application 
Procedures (RAP) bulletins authored by ACI Committee 
E706 Concrete Repair Education. This link provides access to 
RAP-6: Vertical and Overhead Spall Repair by Hand 
Application. Other bulletins include RAP-1: Structural Crack 
Repair by Epoxy Injection, RAP-4: Surface Repair Using Form-
and-Pour Techniques, and RAP-8: Installation of Embedded 
Galvanic Anodes

https://www.michigan.gov/documents/mdot/SPR-1670
-2019_644044_7.pdf
The County article highlighting Clare County, Mich., on 
page 37 presents the use of a generic ultra-high-
performance concrete developed by a University of Michigan 
research program funded by the Michigan Department 
of Transportation. This is a link to download the research 
program and field study report, Commercial Production of 
Non-Proprietary Ultra High Performance Concrete.

https://connect.ncdot.gov/resources/Materials/Pages
/Prestress-Concrete-Standard-Repair-Procedures.aspx
The Concrete Bridge Technology article on page 40 describes 
how the North Carolina Department of Transportation 
(NCDOT), with the assistance of local precasters, has 
implemented standard repair procedures for certain 
fabrication defects in precast concrete members. This is the 
link to a NCDOT web page that lists these standard repair 
procedures and their applications. Other state agencies may 
have similar standard repair protocols or procedures.

OTHER INFORMATION
https://www.asbi-assoc.org/ index.cfm/events
/MonthlyWebinars
The Spring 2022 issue of ASPIRE® included both a Project 
article and Concrete Bridge Technology article on the Selmon 
West Extension in Tampa, Fla. This is a link to the American 
Segmental Bridge Institute monthly webinar page, which 
provides access to a recorded webinar on the design and 
span-by-span erection of the project’s extradosed finback 
structure.

https://www.whitehouse.gov/wp-content/uploads/
2022/04/M-22-11.pdf
This is a link to a memorandum issued on April 18, 2022, 
by the Office of Management and Budget to provide 
implementation guidance to federal agencies and other 
entities of the revised “Buy America” rules for infrastructure 
projects. The memorandum also outlines how aspects of the 
Infrastructure Investment and Jobs Act are affected.

h t t p s : / / s t o r e . t r a n s p o r t a t i o n . o r g / I t e m
/CollectionDetail?ID=229
The American Association of State Highway and 
Transportation Officials (AASHTO) has published the second 
edition of the LRFD Guide Specifications for Bridges Carrying 
Light Rail Transit Loads. This new edition of the guide 
specifications clarifies live loading and derailment loading 
and improves alignment with the AASHTO LRFD Bridge 
Design Specifications, ninth edition, with which they are to 
be used. This is a link to the AASHTO online store, which 
provides the publication’s table of contents and introduction, 
in addition to purchasing information.

Concrete Connections is an annotated list of websites where information is available about concrete bridges. Links and other 
information are provided at www.aspirebridge.org.
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http://www.tuckerbilt.com/
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Bridging the gap between 
idea + achievement
At HDR, we’re helping our clients push open the doors to what’s possible, every day.

Los Angeles International Airport Automated People Mover, Los Angeles World Airports, Los Angeles, CA

hdrinc.com 
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