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Fred Gottemoeller’s one-person
aesthetic consulting firm, Bridgescape,
stresses the impact that aesthetic design
can have on a bridge’s reception and
success. The author of a 2004 book
for engineers, Bridgescape: The Art of
Designing Bridges,* he rejects the notion
that an aesthetic design must cost more
and encourages engineers to make
aesthetics a priority in every project.

“Engineering education gives no
guidance on aesthetic elements,”
Gottemoeller says. “It focuses on
creating functional structures, with
the appearance resulting strictly from
engineering design parameters. We
need to encourage engineers to express
their aesthetic ideas during design. They
often don’t feel qualified to do so, but
they are. Some of the best aesthetic
ideas | see come from engineers.”

Five Fundamental Ideas

Gottemoeller’s book outlines five
fundamental ideas that often are
overlooked or disputed but stand as core
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truths. Fifteen years after the book was
published, he believes those elements
remain the same. “They’re common
concepts that trace back to the Greeks,”
he states. “That’s one reason | haven’t
felt it necessary to update the book.”

All bridges make an impact.

“The bridge will make an impression: of
excitement, appreciation, repulsion, or
perhaps boredom,” Gottemoeller wrote.
This holds true whether or not the
engineer intentionally plans that impact.

People can agree on what is beautiful
for bridges.

Beauty may be in the eye of the
beholder, but, Gottemoeller argued,
that does not mean people can’t agree
on what is attractive. Key elements for
bridges include simplicity of elements,
thinness, continuous lines, and shapes
that reflect the magnitude of forces
(that is, the thickest shapes indicate
where forces are greatest).

Engineers must take responsibility for
the aesthetic impact of their bridges.

“Engineers are used to dealing with
issues of performance, efficiency, and
cost, but they must also be prepared

to deal with the issues of appearance,”
Gottemoeller wrote. They can’t avoid
these issues by focusing on structural
elements and leaving aesthetics to
others, he stressed. “The appearance is
dominated by the shapes and sizes of
the structural elements themselves, not
by details, colors, or surfaces.”

Engineers should consider good
appearance to be co-equal with
strength, safety, and cost.

Some engineers believe achieving
compelling aesthetics automatically
compromises other core requirements or
adds cost because aesthetic designs add
features such as color or special finish
materials. “In fact,” Gottemoeller wrote,
“The greatest aesthetic impact is made
by the structural members themselves.
If they are attractive, then the bridge
will be attractive.” Details, colors, and
surfaces add aesthetic interest, but they
may not always add sufficient aesthetic
impact to justify the additional cost.

Aesthetic ability is a skill that can be
acquired and developed by engineers,
as well as anyone else.

“Engineers can learn what makes
bridges attractive, and engineers can



develop their abilities to make their own
bridges attractive,” Gottemoeller stated.

Aesthetics in Practice
Gottemoeller puts these five concepts
into practice in his work, having served
as an aesthetic design consultant for a
variety of signature bridges. One of his
most recent projects, on which he refined
the aesthetic concept during the final
design, is the St. Croix River Crossing
in Stillwater, Minn., which opened in
August 2017. It spans the St. Croix River,
which is designated as a National Wild
and Scenic River.

The extradosed bridge features stayed
girders consisting of 18-ft-deep post-
tensioned concrete segmental box
girders with curved sides (see article
on extradosed bridges in the Summer
2015 issue of ASPIRE®). The pier shafts
have a split design tied together at
the top and bottom. The split creates
flexibility that allows the bridge to
react to temperature variations and
makes the piers nearly transparent.
The structure was built with high-
performance concrete and high-strength
reinforcement. "It [the extradosed
bridge concept] is a huge improvement
on other concepts,” Gottemoeller says.
"I expect there will be more use of this
option in the 450- to 600-ft range. It's a
very attractive and exciting concept, and
it's been very well received locally.”

Concrete’s Aesthetics

Gottemoeller remains “agnostic” about
materials for bridges. He advocates
for using whatever materials can

The five-span Rich Street Bridge in Columbus, Ohio, is supported on four lines of post-
tensioned precast concrete arches. Photo: Randall Scheiber.

accomplish the structure’s goals with
the best combination of features. But
he sees advantages to working with
concrete, especially from an aesthetic
viewpoint. “Concrete bridges don’t
need to be painted, and they can retain
their light, reflective coloring for long
periods,” he points out.

A key, but often overlooked, benefit
of concrete derives from its inherent
mass, which can dampen traffic sounds,
especially beneath the bridge. “People
who live near concrete bridges have a
better opinion of them because their
living experience is better,” he says.
"The material can affect sound levels,

‘The material can
affect sound levels, which
is an underappreciated
sensory element of
aesthetics.’

Gottemoeller developed the overall concept and the architectural
details for the Rich Street Bridge over the Scioto River in Columbus,

Ohio. Photo: Randall Scheiber.
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which is an underappreciated sensory
element of aesthetics.”

Gottemoeller always keeps an eye
on concrete technologies to consider
how changes can affect his designs.
“Materials such as high-performance
concrete and self-consolidating concrete
are exciting to consider when the
situation is right,” he notes. Stayed
girders are the most recent concrete
concept that he has incorporated into
his designs.

Specialized concrete mixtures were a
key ingredient in the design of the Rich
Street Bridge over the Scioto River in
Columbus, Ohio, which was completed
in 2013 and featured in a project article
in the Fall 2012 issue of ASPIRE. The
bridge’s appearance was conceived as
a visual unifier for two nearby bridges,
combining the span arrangement of
the Discovery Bridge with the open
appearance of the Main Street Bridge,




The lighting design of the Rich Street Bridge over the Scioto River in Columbus, Ohio,
was developed by Gottemoeller. Photo: Randall Scheiber.

a tilted through-arch design completed
in the style of Spanish architect-
engineer Santiago Calatrava.

‘Materials such
as high-performance
concrete and self-
consolidating concrete
are exciting to consider
when the situation is
right.’

The five-span, 568-ft-long Rich Street
Bridge is supported on four lines of
custom arches, with both arches and
girders consisting of precast concrete
segments using high-strength,
lightweight concrete. The arches consist
of three precast concrete segments:
two identical arch legs and a keystone
segment. A fourth standardized beam
segment spans over the piers between
the arch crowns. The segments were
connected with short closure pours and
then post-tensioned to function as a
single five-span unit. The bridge came
in below the city's budget for the project
and at approximately one-third the cost
of the Main Street Bridge.

Gottemoeller developed the overall design
as well as the architectural details and
the lighting concept for the Rich Street
Bridge. Since opening, it has won multiple
awards, including recognition from
the American Council of Engineering
Companies, the American Society of
Highway Engineers, and an award from
the Columbus Landmarks Foundation.

Cost Effectiveness Is Key
Gottemoeller disdains high-profile
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architects whose designs demonstrate
little regard for budget. “They get photos
of their ‘works of art’ in magazines, but
the structures are not cost-effective or
engineered well,” he states. “The only
thing they accomplish is to persuade
agencies and engineers that aesthetics
must be expensive.” To the contrary,
Gottemoeller emphasizes that “good
aesthetics don't have to break the bank.”
Some departments of transportation,
notably Minnesota and Colorado,
understand this point and make budget
and aesthetics equal priorities.

“A tight budget can and should act as a
spur to creativity, encouraging a search
for new approaches with both cost and
aesthetic advantages,” Gottemoeller
wrote in his book. “Improvements
in appearance should be sought
just like improvements in any other
area of concern: safety, durability, or
maintainability.”

‘Good aesthetics
don’t have to break the
bank.’

Leading by Example

Gottemoeller's role as consulting
aesthetic engineer on projects gives
him an opportunity to disseminate
his concepts. For example, in 2004,
he served as aesthetic and urban-
design consultant for the Memorial
Causeway Bridge over Clearwater Bay
in Clearwater, Fla. The bridge, which
replaced a design with a bascule
span, features cast-in-place concrete
segmental, haunched, trapezoidal
box girders. The girders have tapered
sides that minimize the width of the
tapered piers, allowing the girders and

piers to flow together in a single sweep.
The design provides 330-ft spans that
avoid obstructing scenic views. White
concrete was used to reflect the water
color and evening sunsets. The vertical
spaces within the four split-center piers
are illuminated to create a memorable
nighttime appearance.

A more recent project reflecting
Gottemoeller’'s commitment to
aesthetics is the Virginia Street Bridge
over the Truckee River in Reno,
Nev., which was built to allow more
clearance for flood waters. Completed
in 2016 near historic buildings, the
single-span bridge features a pair of
cast-in-place, post-tensioned concrete
through arches, paying homage to the
two-span arch design of the original
structure. The tie beams of the thin
floor system are connected to the low
arches with steel cables to create a low
profile, which is enhanced by aesthetic
lighting at night.

Gottemoeller worked with the
engineering team and the historical
review committee to create the
architectural and structural concept for
the Virginia Street Bridge and developed
the architectural details. “Structurally,
the bridge is a hybrid of a tied through-
arch and a rigid frame,” he explains.

Design-Build Aids Aesthetics
Creating aesthetically pleasing designs
becomes easier as more bridges are
designed aesthetically in cost-effective
ways, Gottemoeller says. The openness
of owners to considering new delivery
formats advances that process. “The
expanded role of design-build formats
is changing how bridges are designed,”
he says. “The relationships between
owner, engineer, and contractor change
and can make it easier to suggest and
incorporate aesthetic concepts. It creates
more conversation among the parties
and brings more ideas to the table.”

Construction manager-at-risk formats
especially help drive new ideas, he adds.
“That delivery method produces an ideal
setup, since ideas suggested early in the
design phase can be quickly costed out
by the contractor. Aesthetic concepts
shouldn’t be added after the fact to
dress up a design.”

Owners’' attitudes are critical to



The single-span bridge on Virginia Street in Reno, Nev., consists of a pair of cast-in-
place, post-tensioned concrete through-arches that support a thin floor system, allowing
high floodwaters to pass while minimizing the vertical profile and impact on adjoining
historic buildings. Photo: Vance Fox.

achieving high-quality aesthetics,
Gottemoeller notes. If owners set
aesthetics as a goal, the team will
get behind it. The emphasis on short
timetables does not necessarily hinder
the process. “Doing everything quickly
limits the ability to consider all of the
options.” But that does not give quickly
constructed projects a free pass, he
stresses. “Speed and cost can be used
as excuses, but they aren't good reasons
to not consider appearance. If aesthetics
is a priority, an attractive bridge can be
created with any budget or timetable.”

Stakeholder Input Grows
Increased sensitivity to stakeholder
input, especially from the community,
can add challenges to bridge design and
construction, but owners today are more
willing to take this on. “They're not as
scared to solicit opinions, and that can
help create acceptance for a design,”
Gottemoeller notes. Conflicts among
various ideas often can be overcome with
clear communication, he says.

“Many of those involved [in discussions
of a bridge project] aren’t engineers,
so it's important to communicate and
educate, and it's also important to listen
to community concerns and adapt where
possible,” he says. “Everyone pays taxes,
so they realize some requests are going

to be too expensive to accomplish.”
Aesthetics will continue to be at the
forefront of Gottemoeller's designs, and
he encourages owners to solicit ideas
and prioritize this element. “Owners
should encourage engineers to express
their opinions and offer suggestions.”
The split-pier concept for the St.
Croix bridge was suggested by the
engineers, he notes. "l just got on their
bandwagon.”

Encouraging engineers to give input
will help them realize their ideas have
merit. “Every time we ask, we get
good ideas from them,” he says. “I
can never predict what will come up,
but | know something good will arise if
we encourage them and listen to their
ideas.”
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Bridgescape’s Driving
Force

Fred Gottemoeller is both an engineer
and architect. He began his career with
Skidmore, Owings & Merrill in 1967 and
later worked in management positions
with the Maryland Department of
Transportation and Maryland Highway
Administration as well as A. J. Properties,
where he served as director of design
and construction. In 1988, he created
Frederick Gottemoeller & Associates,
which became Rosales Gottemoeller

& Associates in 1998. He formed
Bridgescape LLC, his one-person firm, in
2005.

“My goal in starting Bridgescape

was to focus on providing advice on
aesthetics and community participation
to engineers,” he says. “The engineering
side of my background helped me
understand what engineers were trying
to accomplish and the language to
communicate with them in their ‘native
tongue,” so to speak. Much of what | do
is translating engineering words into
architectural and community terms and
vice versa.”

Gottemoeller has helped develop
bridge aesthetic guidelines in Maryland
and Ohio. He also has contributed to
the Bridge Aesthetics Sourcebook,?

the aesthetics chapter of the Bridge
Engineering Handbook,? and a bridge
aesthetics handbook for the Society of
Engineers of India.

He served as chair of the Transportation
Research Board Bridge Aesthetics
Subcommittee for many years and has
presented seminars on bridge aesthetics
under its auspices. He regularly provides
aesthetic commentary on bridge designs
for projects featured in ASPIRE.

The Memorial Causeway Bridge in
Clearwater, Fla., features two cast-in-
place concrete segmental, haunched,
trapezoidal box girders with sloped
sides. Gottemoeller was aesthetic
and urban-design consultant and
developed the architectural details.
Photo: Saegrande.
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PERSPECTIVE

Overview of Delayed
Ettringite Formation and
Alkall-Silica Reaction

by Dr. David Rothstein, DRP, a Twining Company

Delayed ettringite formation (DEF) and
alkali-silica reaction (ASR) are complex
mechanisms that can significantly
diminish the durability and service life
of concrete elements. While reduced
durability and service life are legitimate
concerns, it is also important to
recognize that DEF is both relatively rare
and commonly misdiagnosed. Likewise,
the mere presence of ASR in concrete
does not necessarily indicate the end of
the useful service life of an element. The
purpose of this perspective is to provide
an overview on how ASR and DEF are
recognized in concrete and show that
repairs may be available for arresting
or slowing their progression. Articles
in future issues of ASPIRE® will discuss
how these mechanisms operate and
steps that can be taken beforehand to
mitigate ASR and DEF. There is extensive
research on ASR and DEF that can
provide additional information.'*

What Are DEF and ASR?

DEF and ASR are chemical reactions
that produce secondary deposits within
concrete after it hardens and is put into
service. In the case of DEF, components
in the cement paste react with water

Figure 1. Schematic diagram showing the three

to form secondary deposits that consist
of the mineral ettringite, which has the
chemical formula Ca,Al(SO,),(OH),,®
26H,0. In the case of ASR, reactions
occur between aggregate particles
and the paste to produce secondary
deposits that consist of a gel of indefinite
composition that may be expressed as
(Na, K, Ca) Si0, * x H.O.

Note that both ettringite and ASR
gel contain water (H,0). As such, the
infiltration of water into concrete lies at
the root of both of these deterioration
mechanisms (Fig. 1). The deposits
formed by DEF and ASR have a greater
volume than the solid phases in the
concrete, which results in an internal
expansion that causes cracking once
the tensile strength of the concrete
is exceeded. Minimizing permeability
and cracking and keeping the internal
relative humidty of the concrete below
70% while it is in service are therefore
keys to minimizing deterioration from
ASR and DEF.

Diagnosing DEF and ASR
A concrete petrographer can evaluate
whether concrete is affected by DEF

Moisture

components required for delayed ettringite formation
(DEF) [red text] or alkali-silica reaction (ASR) [black text]
to proceed. Moisture, shown at the apex of the triangle.
is,needed for both processes to occur. Ingredients for DEF
include the chemical composition and properties of the
cement, such as the sulfate-aluminum ratio, and heat
during accelerated curing. Ingredients for ASR

include alkalis in the concrete and reactive

aggregates. All Figures: David Rothstein.

or ASR by using various microscopes
to examine the internal microstructure
of concrete and other cement-based
construction materials. Petrographers can
document whether there is evidence of
internal expansion in the concrete and
whether that expansion can be linked
to the presence of secondary deposits.
Because extensive microcracking is
commonly observed in concrete affected
by either ASR or DEF, the petrographer
must then determine if the secondary
deposits associated with the microcracks
are ettringite or ASR gel.

Figure 2 shows an example of
microcracking in concrete caused by
DEF. In many cases, concrete affected
by DEF has networks of fine microcracks
filled with a material that—even under
powerful optical microscopes—appears
to be a gel but is actually ettringite.
Petrographers may observe microcracks
filled with such deposits and assume
that ASR is present, unless they use a
scanning electron microscope (SEM)
to distinguish between ASR gel and
ettringite. Most SEMs are equipped with
an instrument known as an energy-
dispersive x-ray spectrometer (EDS),

Heat (accelerated curing)

Cement (SOALO,)
Alkali Load

Reactive Aggregate
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Figure 2. Reflected light
photomicrograph of the polished
surface of a core from a concrete
structure with delayed ettringite
formation. Arrows indicate microcracks
that are filled with a clear, gel-like
material (red), a void filled with
ettringite (green), and the outer surface
of the core (blue).

which allows determination of the
chemical composition of materials that
are only microns across. If elements
such as calcium, aluminum and sulfur
are detected by the EDS, a petrographer
knows that the deposit is ettringite (Fig.
3). If the gel deposit contains elements
such as sodium, potassium, and silicon,
that indicates ASR gel.

Petrographers commonly see deposits
of crystalline ettringite in voids,
microcracks, and cracks in field concrete
that is exposed to moisture. As such,
the presence of ettringite alone is not
an indicator of DEF or any other form
of sulfate attack; it simply indicates that
the concrete was exposed to moisture.
An experienced petrographer, ideally
working with an experienced engineer,
is needed to determine whether the
concrete is affected by DEF.

Extremely fine-grained, isolated deposits
of ettringite in the paste are another
feature of DEF. These “nests” of
ettringite, which require magnification
of about 2000 times to detect, can be
identified with a SEM.

Concrete affected by ASR commonly
has deposits of both ASR gel and
ettringite. However, the patterns of
microcracking caused by ASR are often
much different from those caused by
DEF. With ASR, microcracks can often
be traced from the inner portions of
reactive aggregate particles into the
paste (Fig. 4). In DEF, the microcracks

Figure 3. Backscatter electron micrograph
at higher magnification showing
microcracks (green arrows) from part

of the area shown in Fig. 2. The red

dot shows the area of the sample that
produced the energy-dispersive x-ray
spectrometer (EDS) spectrum shown in
the upper left. The spectrum indicates
the presence of calcium, aluminum, and
sulfur, which is consistent with ettringite.

do not trace to the inner portions
of aggregate particles and appear
randomly throughout the paste.

Petrographers may use criteria such
as whether cracks or microcracks can
be linked to DEF or ASR to evaluate
the severity of damage. Although
not standardized, some methods are
available that use petrography to
quantify damage from ASR or DEF.>
When deployed consistently, these
methods can be used—along with field-
based approaches such as monitoring
the widths of cracks—to track the
progression of damage over time.

Implications for

In-Service Concrete

Although ASR occurs much more
commonly than DEF, it is essential to
understand that the presence of ASR
gel in concrete does not mean that the
concrete is no longer able to serve its
intended purpose. ASR is commonly
observed in concrete after several years
of service, if the concrete is exposed
to moisture, with no resulting cracking
or even microcracking. A thorough
investigation undertaken by experts
in both engineering and petrography
can determine whether ASR is causing
cracking or microcracking that is
structurally significant.

Because both DEF and ASR require
moisture to progress, reducing the
ingress of water is central to minimizing
damage from these mechanisms. In

Figure 4. Reflected light
photomicrograph of the polished surface
of a concrete core with alkali-silica
reaction (ASR). Arrows show microcracks
with ASR gel within a granitic (and
reactive) aggregate particle (green) and
microcracks with gel that cut into the
paste (red).

many cases, experienced engineers
working in tandem with specialty
contractors can determine remediation
measures that can greatly prolong the
serviceability of an affected concrete
element.

References

1. Portland Cement Association (PCA)
Sulfate Task Group. 2001. Ettringite
Formation and the Performance
of Concrete. R&D Serial No. 2166.
Skokie, IL: PCA. http:/www?2.
cement.org/pdf_files/is417.pdf.

2. Taylor, H.EW. Cement Chemistry.
1997. London, UK: Thomas Telford.

3. Thomas, M.D.A., B. Fournier, and
K.J. Folliard. 2013. Alkali-Aggregate
Reactivity (AAR) Facts Book, HIF-
13-019. Washington, DC: Federal
Highway Administration. https://
www.fhwa.dot.gov/pavement/
concrete/asr/pubs/hif13019.pdf.

4. Farny, J.A., and B. Kerkhoff. 2007.
Diagnosis and Control of Alkali-
Aggregate Reactions in Concrete,
R&D Serial No. 2071b. Skokie, IL:
PCA. http://www2.cement.org/pdf_
files/is413.pdf.

5. Sanchez, L.FM., B. Fournier, M.
Jolin, M.A.B. Bedoya, J. Bastien,
and J. Duchesne. 2016. “Use of
Damage Rating Index to Quantify
Alkali-Silica Reaction Damage
in Concrete: Fine versus Coarse
Aggregate.” ACI Materials Journal
113(4): 395-407. [

ASPIRE Summer 2018

11


http://www2.cement.org/pdf_files/is417.pdf
https://www.fhwa.dot.gov/pavement/concrete/asr/pubs/hif13019.pdf
http://www2.cement.org/pdf_files/is413.pdf
http://www2.cement.org/pdf_files/is413.pdf

zreOvepview-of \Westbound €la|:k’ 3
Fhowing the horizontally-and verficatly curved alignment.-Photo: CA Group.

The U.S. Route 95 (U.S. 95) northwest
corridor in Las Vegas is one of the
fastest-growing areas in southern
Nevada, and the U.S. 95/Clark County
Route 215 (CC 215) Interchange
serves as a critical link for regional
commuters between the predominately
residential areas in northwest Las Vegas
and the large employment centers in
the area. To meet the growth in the
region, the Nevada Department of
Transportation (NDOT) is currently
upgrading the U.S. 95/CC 215
Centennial Bowl! Interchange, the third
busiest intersection in the state, from an
at-grade intersection to a full system-to-
system interchange.

In 2008, NDOT began design on the
interchange, which was initially
estimated to cost around $250 million.
To work within funding constraints, the
project was divided into three projects.
In July 2017, the first phase of the
interchange—a 2365-ft-long post-
tensioned cast-in-place (CIP) concrete
box girder carrying westbound CC 215

profile

to southbound U.S. 95 (WS Flyover)—
was completed.

Type Selection

Type selection and preliminary layout
for the Centennial Bowl Interchange
structures began in 2010. NDOT
considered four different superstructure
types for the interchange’s 15 grade
separations: CIP post-tensioned box
girders; steel plate girders; precast
concrete I-girders; and precast concrete
U-girders. Structure types were
evaluated based on cost, aesthetics,
constructability, and durability. For
the three large flyover structures, the
selected structure type needed to
accommodate spans longer than 200
ft, horizontally and vertically curved
alignments (horizontal radii less than
850 ft), and superelevations of 6%.
Historically, the CIP post-tensioned box
girder is the most cost-efficient bridge
type in Nevada, with typical costs under
$150 per square foot of deck. At the
time of type selection, steel plate girders
and precast concrete girders cost $200

per square foot and $220 per square
foot, respectively.

The geometric constraints of the
interchange favored the CIP and plate
girder solutions, with CIP ultimately
selected based on cost, aesthetics, and
durability. The use of CIP post-tensioned
box girders for the interchange will
result in an estimated 14% total project
cost savings, lowering the cost for total
structures by $30 million compared with
steel plate girders.

Design

The WS Flyover is a fourth-level ramp,
crossing over the major U.S. 95 and CC
215 roadways, six future interchange
ramp movements, one existing local
road, and a 36-in.-diameter high-
pressure gas line. Due to these
horizontal constraints, the layout of the
flyover uses three frames with lengths
of 858 ft, 862 ft, and 645 ft, for a total
length of 2365 ft. The WS Flyover's
alignment crosses the southbound lanes
of U.S. 95 at a sharp skew, necessitating

CENTENNIAL BOWL INTERCHANGE (WESTBOUND CLARK COUNTY ROUTE 215 TO
SOUTHBOUND U.S. ROUTE 95 FLYOVER BRIDGE) / LAS VEGAS, NEVADA

BRIDGE DESIGN ENGINEER: Nevada Department of Transportation, Carson City, Nev.

PRIME CONTRACTOR: Las Vegas Paving Corporation, Las Vegas, Nev.

POST-TENSIONING CONTRACTOR: DYWIDAG Systems International, Long Beach, Calif.
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Typical cross sections of three-cell concrete box girder and oblong column at integral
and expansion piers. Figure: Nevada Department of Transportation.

a maximum span of 250 ft. The
remaining 10 spans were configured
to balance span lengths to maximize
the efficiency of the superstructure
cross section while working around the
horizontal constraints imposed by the
ramps and utilities.

Early in the design phase of the WS
Flyover, NDOT performed Osterberg
load testing on the large-diameter
drilled shaft foundations. NDOT invested
$600,000 in the load-testing program
and realized a savings of $2.6 million in
foundation costs for the WS Flyover by
using the higher American Association
of State Highway and Transportation
Officials (AASHTO) resistance factors
and higher soil capacities. Additional
savings will be realized in future
foundation construction phases.

The superstructure of the WS Flyover
consists of a 39-ft-wide, three-cell CIP
box girder, with 4-ft-wide overhangs

and a 10 ft web spacing. The box-
girder depth of 9.5 ft is dictated by
a maximum bridge span of 250 ft,
resulting in a span-to-depth ratio of
26.3.

The substructure consists of oblong-
shaped single-column bents (6 ft by 8.5
ft) with integral pier caps. Per standard
NDOT practice, drop-cap (or stepped-
cap) expansion piers were used between
frames instead of in-span hinges.

Durability considerations for the
concrete included the use of 6.5-
ksi high-performance concrete in the
bridge deck. The project specifications
mandated the use of a shrinkage-
reducing admixture to limit deck
shrinkage as well as the use of a three-
aggregate blend in the deck concrete to
reduce permeability.

The superstructure design resulted
in a total post-tensioning force of

NEVADA DEPARTMENT OF TRANSPORTATION, OWNER
BRIDGE DESCRIPTION: 2365-ft curved, cast-in-place post-tensioned concrete box girder on an 847-ft minimum horizontal radius (11 spans with a

250-ft maximum span)

18,984 kips, achieved using twenty-
seven 0.6-in.-diameter strands per
tendon and four tendons per web for
each of the four webs of the three-
cell box. The tight 847-ft horizontal
radius warranted additional design
considerations. The girders were
designed to resist lateral web bending
due to post-tensioning and live
loading, as well as global shear and
torsion. Tendon confinement in the
webs is provided by tie reinforcement
proportioned to resist local web-
bending effects, tendon deviation
forces, and internal splitting forces due
to the draped vertical tendon profiles.

All pier caps in the WS Flyover use
post-tensioning to limit congestion of
mild reinforcement, improve seismic
joint performance, and increase the

Completed Westbound Clark County
Route 215 to Southbound U.S. Route 95
Flyover Bridge. Photo: Nevada
Department of Transportation.

STRUCTURAL COMPONENTS: 39-ft-wide by 9.5-ft-deep cast-in-place post-tensioned three-cell concrete box girder superstructure with 6.5-ksi,
high-performance concrete deck; 10-ft-diameter drilled shaft foundations; 6-ft-by-8.5-ft oblong columns; post-tensioned integral and expansion pier caps

BRIDGE CONSTRUCTION COST: $10.1 million (§110/ft?)
AWARD: Associated General Contractors/Nevada Contractors Association Nevada Civil Project of the Year, 2017
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durability of the structure. The 3340-kip
transverse post-tensioning force in each
of the expansion pier caps is provided
by nineteen 0.6-in.-diameter strands in
each of the four tendons. Shear keys
at the expansion caps restrain lateral
movement of the superstructure
and force composite behavior in the
transverse direction between adjacent
frames. These shear keys are designed
to remain elastic under seismic loading,
which is accomplished by permitting
the supporting columns to fuse, and
designing the shear keys for the
associated column plastic hinging forces.

The transverse post-tensioning is a

. L Falsework in place for frame 2. The maximum falsework height was 58 ft. Photo:
primary component of the seismic

Nevada Department of Transportation.

detailing, ensuring that the expansion
pier caps have adequate capacity to
resist lateral forces transferred through
the shear keys. The 1932-kip post-
tensioning in the integral pier caps
is provided by 11 tendons with four
0.6-in.-diameter strands each running
through the deck slab. The use of
transverse post-tensioning in the
integral caps was done primarily to

: - promote durability of the bridge deck
Falsework of frame 2 being lowered after completion. Photo: Nevada Department of by limiting tensile stresses, but it has
Transportation. the added benefit of improving the joint
shear performance by precompressing
the joint region.

Due to the size and complexity of the
WS Flyover, seismic design was a key
aspect of the design process. The flyover
is the first bridge in Nevada to use the
AASHTO Guide Specifications for LRFD
Seismic Bridge Design, 2nd edition,
with 2012 Interims. In addition to these
specifications, NDOT investigated the use
of performance-based seismic design by
evaluating the structure’s performance
Concrete box girder with reinforcement and post-tensioning ducts in place for soffit at 500- and 1000-year-event seismic
and webs. Photo: Nevada Department of Transportation. hazard levels. The performance criteria
used to evaluate the columns are based
on an essentially elastic response at
the 500-year event, with light damage
permitted at the 1000-year event. The
1000-year design response spectrum
has the following site-adjusted spectral
accelerations: peak ground acceleration
of 0.235g, S, = 0.599, and S, = 0.33g
(Site Class D). These values place the
structure in Seismic Design Category
C. The long frame length and variable
column height due to the curved vertical
profile result in a significant difference
in stiffnesses between frames and
adjacent columns. The use of isolation

Frame 3 tunnel bent over U.S. Route 95 with bracing. Photo: Nevada Department of
Transportation.
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casings to lengthen three of the shorter
columns provides a more uniform seismic
response.

Construction

NDOT delivered the first phase of
the Centennial Bowl Interchange via
the design-bid-build delivery method
in October 2015. The construction of
the WS Flyover was completed in 375
working days, for a total cost of $110
per square foot.

Construction of long-frame CIP post-
tensioned box girders in an urban
setting poses several challenges. Due
to the use of falsework, maintenance
of traffic becomes an issue for
construction. Careful planning
during design, and coordination in
construction, allowed the contractor
to successfully manage traffic. For
U.S. 95 traffic, adjacent collector/
distributor roads served as detours for
the erection and removal of falsework
and during concrete placement. For
daytime traffic, a minimum of three

For aesthetic as well as structural and
economic reasons, box girders are
an eminently suitable structural type
for the flyover ramps of complex
interchanges. All the lines of the
superstructure—the tops of the
parapets, the edges of the slabs,
and the corners of the box girders—
are parallel to each other and to the
trajectories of the vehicles traveling
across the bridge. The thin, single-shaft
piers with hidden or minimal pier caps
impose no cross lines or barriers to this
visual flow. The pier shafts themselves

lanes in each direction was maintained.
Due to the sharp skews of the WS
Flyover alignment and U.S. 95, the
contractor used a tunnel bent with a
tiered-falsework system to maintain the
minimum number of lanes.

Grouting of the longitudinal post-
tensioning ducts proved to be another
construction challenge, due to the
vertical geometry, frame length, and the
hot climate of southern Nevada. NDOT
requires the use of prebagged thixotropic
grout. Grouting pressures regularly
exceeded 100 psi, with typical grouting
durations of more than one hour for the
long frames. The contractor used chilled
water and took precautions to protect
the grout bags from sun exposure. The
grout material proved to be forgiving
with respect to grouting times and
temperature, maintaining its fluidity
despite the long grouting durations and
ambient temperatures greater than 100°F.

Conclusion
The WS Flyover, which opened to traffic

AESTHETICS COMMENTARY

by Frederick Gottemoeller

are thin enough to keep the space
of the interchange visually open and
unencumbered, allowing drivers to
see through to converging ramps and
merge areas.

Although the use of cast-in-
place concrete box girders can be
problematic in locations where
construction has to be done over
existing roadways, this project
successfully met the challenge. With a
great deal of ingenuity, the team found
methods to build the girders while still

in July 2017, demonstrates how CIP post-
tensioned concrete bridges can provide
an economical and resilient structure
type for modern urban interchanges in
Nevada. The CIP, post-tensioned concrete
box girder structure type is well suited for
the curved geometrics while maintaining
a strong aesthetic appeal. Careful
planning, coordination, and partnering
through the construction phase
successfully mitigated the typical risks
associated with CIP construction. Use of
high-performance deck concrete with a
shrinkage-reducing admixture, as well
as transverse post-tensioning at the pier
caps, helps maximize the durability of the
structure. With the second phase of the
interchange preparing to advertise and
the final phase beginning design, NDOT
is confident in the choice of CIP post-
tensioned box girders as the best solution
for the Centennial Bow! Interchange. [

Michael Taylor is a senior structures
engineer with the Nevada Department of
Transportation in Carson City, Nev.

keeping traffic moving underneath.
Hopefully, their experience will reassure
others who are considering applying
this structural type.

The slightly dropped pier caps at
all of the intermediate piers add an
intriguing rhythm to this structure. They
punctuate the eye’s progress along
the curves, while at the same time
creating some visual consistency with
the dropped pier caps at the expansion
joints. Coloring the box girder itself
with a hue that contrasts with the
colors of the slabs, parapets, piers,
and pier caps makes obvious the visual
ribbon of the girder. When viewed in
the Las Vegas sunshine, the ramp is a
memorable structure.
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PROJECT

Chief Joseph Dam Bridge

Replacing the old timber truss bridge

By Jason B.K. Pang, KPFF Consulting Engineers

The Chief Joseph Dam Bridge crosses
the Foster Creek ravine just upstream
of where it meets the Columbia River,
below the western crest of the Chief
Joseph Dam in Bridgeport, Wash.
Since 1959, the bridge has served
as an important freight route and
primary access to the agricultural and
recreational region upstream of the
dam. In 2016, the existing bridge was
replaced with what was the longest
single-span precast concrete spliced-
girder bridge in Washington state at the
time of construction.

Background

Chief Joseph was a prominent Nez
Perce Native American leader. The dam
was named in honor of him, and the
bridge was subsequently named after
the dam.

Before it was replaced, the existing
309-ft-long bridge consisted of a unique
130-ft-long and 20-ft-deep Howe deck-
truss main span constructed with glued
laminated Douglas fir members and five
timber approach spans. Designed by the
U.S. Army Corps of Engineers, the bridge
was certainly an unusual structure, even
for its time. It was constructed during
an era when steel replaced wood as the
preferred material. It was the only bridge
of its kind designed and constructed for
highway use in Washington state in the
1950s, and, for many years, it was the
only Howe deck-truss bridge remaining

profile

in the Washington state bridge inventory.
Because of its rare structure type, age,
and association with the Chief Joseph
Dam, the main span was placed on the
National Register of Historic Places.

Despite being retrofitted in 2003, the
bridge had major structural deficiencies
and needed to be replaced. After
evaluating several alternatives, the
designers selected a single-span precast
concrete, post-tensioned spliced-girder
bridge as the preferred solution to
address the unique challenges of the
project.

Major Project Challenges

The nearly 45-degree side slopes
of the ravine, coupled with the
presence of large boulders and sharp
drop-offs of the bedrock, made site
access and foundation construction
major challenges. Access was further
complicated by strict environmental
requirements. No structural or
construction activities were allowed in
the creek between the existing piers.
Despite the creek being dry most of
the year, it was highly restricted
because of its environmentally fragile
nature. Because Chief Joseph Dam
is not equipped with fish ladders,
Foster Creek is the last creek along
the Columbia River that naturally
supports the spawning of wild salmon
and steelhead. Another issue was
the historical significance of the site.

PRIME CONTRACTOR: Cascade Bridge LLC, Vancouver, Wash.

Reinforcing steel and post-tensioning
ducts installed in the 100 in.-deep
WSDOT “supergirder.” For the end
segments, the girder web was widened
at the end to accommodate the post-
tensioning anchorages. All Photos: KPFF
Consulting Engineers.

The completed Chief Joseph Dam Bridge
in Bridgeport, Douglas County, Wash.

CHIEF JOSEPH DAM BRIDGE / BRIDGEPORT, DOUGLAS COUNTY, WASHINGTON
BRIDGE DESIGN ENGINEER: KPFF Consulting Engineers, Seattle, Wash.

PRECASTER: Concrete Technology Corporation, Tacoma, Wash.—a PCl-certified producer
POST-TENSIONING CONTRACTOR: DYWIDAG Systems International, Long Beach, Calif.
OTHER SUPPLIERS: Structural Earth Walls: The Reinforced Earth Company, Englewood, Colo.
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The existing timber Howe deck truss was moved to the temporary work trestle and used
as the platform to erect the girder segments. Detailed inspection and analysis were
performed to ensure that the existing truss could safely support the loads.

The entire reach of Foster Creek has
a history of human use dating back
to precontact Native Americans.
Archeological sites in the ravine near
the existing bridge limited the bridge
replacement to the same alignment.

The biggest challenge was the owner’s
requirement to salvage the historically
significant truss. The design and
construction sequences had to address
preserving the truss by removing it
whole or dismantling it without entering
the creek in the steep ravine.

Alternative Bridge Designs
Designers first considered a three-span
continuous girder bridge. A 170-ft-long
mainspan and two 70-ft-long back
spans were required to clear the
existing piers and remain outside the
sensitive, restricted areas. Construction
of the two intermediate piers would
have been difficult and costly, given
the geotechnical conditions and lack
of access in the ravine. Furthermore,
transporting a 170-ft-long girder to the
site would have been problematic, if not
impossible.

Constructing a single-span bridge
on tall fill abutments was the most
economical and feasible option. A
single-span steel plate girder bridge
was considered. However, the owner
had concerns about the cost of long-
term maintenance of a steel bridge and
firmly preferred a precast, prestressed
concrete bridge.

A single-span concrete girder bridge
using the Washington State Department
of Transportation (WSDQOT) “supergirder”
was the best option. The precast,
prestressed concrete, post-tensioned
spliced girder allowed designers to
extend the span range of conventional
precast concrete girders to eliminate
costly intermediate piers on the steep-
sloped ravine and avoid affecting the
environmentally sensitive area, while
satisfying the owner’s requirement for
an all-concrete bridge. Spliced girders
also allowed for shorter and manageable
precast concrete components to be
transported to the remote site, and
designers could resourcefully use the
existing piers as temporary supports for
splicing the girders.

DOUGLAS COUNTY, WASHINGTON, OWNER

BRIDGE DESCRIPTION: The two-lane bridge is 32 ft wide and composed of a single post-tensioned 240-ft long span and a 69-ft earth-filled
approach. The superstructure is framed by five girder lines, each consisting of three precast, pretensioned concrete segments erected on existing bents and
post-tensioned together. The abutments consist of cast-in-place concrete and structural-earth walls.

STRUCTURAL COMPONENTS: WSDOT WF100PTG precast, prestressed spliced, post-tensioned concrete girders (five girder lines, three segments
each: 49-ft, 136-ft, and 49-ft); 7.5-in-thick cast-in-place concrete deck; cast-in-place concrete and structural-earth-wall abutments

BRIDGE CONSTRUCTION COST: $3.8 million ($495/ft?)

BRIDGE CONSTRUCTION COST: 2018 PCI Design Award - Transportation: Best Main Span More than 150 feet; WSDOT Local Programs 2017
Award of Excellence — Best County Project; Washington Aggregates & Concrete Association 2016 Excellence in Concrete Award — Public Works: Bridges

“Supergirder” Bridge

The new two-lane, single-span bridge
is 240 ft long and 32 ft wide. The
bridge is framed by five girder lines,
spaced at 6.25 ft, each consisting of
three precast, pretensioned concrete
segments (49, 136, and 49 ft in length).
The splice locations were strategically
located so that the span could be
erected on falsework supported on the
intermediate piers, avoiding the need
for a temporary structure.

Girder segments use the 100-in.-deep
WSDOT WF100PTG “supergirder”
section and were constructed with
high-performance concrete with a
28-day design compressive strength of
10.8 ksi. The segments were
pretensioned to support self weight and
ensure zero tension during shipping and
erection.

Segments were joined together on site
with a 2-ft-wide cast-in-place closure
pour, where longitudinal mild steel
reinforcment was lap spliced and post-
tensioning ducts were coupled. Each
girder was post-tensioned with four
19-strand tendons using 0.6-in.-diameter,
low-relaxation Grade 270 strand.

A - . ~
The completed girders after the post-
tensioning tendons were installed and
tensioned. Stirrups were prebent to
provide clearance during hauling.
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The existing truss bridge was lifted
onto the completed superstructure and
dismantled.

Instead of a conventional single
parabolic curve, the tendon profile
consisted of two parabolic curves in the
end segments and a tangent straight
profile in the middle segment. This
was done to reduce the high stresses
at the closure pours and allowed for
concrete with a lower strength than
used in the girder to be placed in the
closure pour. Designers opted to use
a lower-strength concrete because
higher-strength mixtures were of
limited availablity and would cost more
to deliver to the remote location. The
closure pours required a strength of
6 ksi at post-tensioning and a 28-day
strength of 7.5 ksi.

Each tendon was tensioned to 835
kips and had a final effective force of
730 kips. Post-tensioning was applied
to the girders before the deck was
placed for two reasons. First, the extra
weight of the concrete deck would have
overloaded the existing piers that were
used as temporary supports. Second,
this sequence allows the deck to be
extensively rehabilitated or replaced in
the future, if needed, without concerns
about overstressing the girders. An even
longer span could have been achieved if
the composite deck were in place when
the girders were post-tensioned.

Precamber

Vertical deflection of the spliced girder
from self weight and superimposed
dead load was estimated to be 15
in., which is considerable. To ensure
a smooth road profile and no sag,
and to minimize the girder haunch,
the girder profile was precambered.
This was achieved by elevating the
temporary supports at the closure pours
5 in. above a straight line connecting
the ends of the girder. After casting

ASPIRE Summer 2018

the closure pour and post-tensioning
the girder, a final camber of 3 in. was
achieved in the girder soffit profile.

Girder Transportation

The distance from the precaster to the
project site was more than 230 miles.
The longest girder segment weighed
more than 190 kips and was 9 ft 9 in.
high, including the length of stirrups
extending from top of the girder. To
clear the lowest bridge along the haul
route, the hauler required the girder
stirrups to be prebent with only 5-in.
extensions, which reduced the total
girder height to 105 in. A special
stirrup detail using a hat-shaped bar
was used to accommodate the variable
haunch depth. These bars formed a
splice with the prebent stirrups and
extended into the 7.5-in.-thick cast-
in-place concrete deck slab. Both the
top and bottom layers of the deck-
slab reinforcement were epoxy-coated.
All reinforcement extending from the
precast concrete girders was coated
with a zinc-rich primer.

Substructure

The abutments were placed on
benches cut into the steep-sloped
ravine to accommodate the girders’
maximum span. This resulted in the
abutments being upward of 37 ft in
height. The east and west abutments
are supported on 21 and 15 HP16 steel
piles, respectively, under a 5-ft-thick
pier cap. Overexcavation of the
footings was required to remove large
cobbles and boulders in the ravine that
obstructed pile driving. Structural earth
walls were used behind the abutment
wing walls to retain the roadway
approach fill. To access the site, the
contractor constructed a pile-supported
work trestle next to the existing bridge.
The trestle was used to demolish
the existing bridge, construct the

abutments, and erect the new girders.

Salvaging the Historic Truss
Extensive analysis of the existing truss
was performed, and several construction
sequences were developed to either
dismantle the truss in place (without
entering the creek) or lift it out whole.

The innovation in the ultimate
construction sequence was moving
the entire existing truss to a temporary
trestle and using it as the girder-
launching truss. To do so, the strength
of the truss was checked against the
launching demands, which included
the weight of the girder and hauling
truck. The recent inspection report of
the existing bridge was referenced to
establish reasonable strength reduction
factors for each structural element.
After the new bridge superstructure was
completed, the existing truss was lifted
onto the new bridge to be dismantled.

Conclusion

The precast concrete, post-tensioned
spliced girders were a cost-effective
and durable solution that addressed
the unique challenges and met
the goals of this project, which is an
innovative example of stretching the
practical use of precast concrete girders
to longer spans by splicing girder
segments with manageable weights
and lengths for transportation. In this
project, precast concrete was the best
solution to minimize disruption to the
natural environment, while promoting
constructability, providing durability,
and facilitating the salvage of a historic
structure. [

Jason B.K. Pang is a senior project
engineer and project manager in the
bridge and infrastructure group at KPFF
Consulting Engineers in Seattle, Wash.

View of completed bridge from below. Piers from existing bridge remain, which were
used to support girder segments at splice locations.
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PROJECT

Over

by Paul W. Berthiaume and John F. Watters, GPI

The Massachusetts Department of
Transportation (MassDOT) recently
completed construction of a two-
span bridge that carries Faunce
Corner Road over Interstate 195
(I-195) in Dartmouth, Mass., as part
of a larger highway and intersection
improvement project. This section of
Faunce Corner Road is a heavily traveled
area, which, prior to the project, had
become congested with vehicle queues
extending from the 1-195 exit ramps
back onto the mainline of I-195.

Background

Constructed in 1966, the existing
bridge was a prestressed concrete girder
superstructure supported by concrete
gravity abutments and multicolumn
bent piers. It comprised five simple
spans totaling 244 ft and had a
curb-to-curb distance of 40 ft with a
single 5-ft-wide sidewalk. The bridge
superstructure was performing well,
but the deck joints had failed and the
piers were heavily deteriorated because
the pier caps were directly exposed to
roadway salts from the failed joints
above.

In response to the vehicular demand in
the area, a traffic study was carried out,
and it indicated that more travel lanes
and sidewalks were required across the
bridge. A bridge study was performed
to determine whether to undergo
a bridge rehabilitation or complete
replacement. Because the existing
bridge superstructure was doing well,
a bridge rehabilitation and widening
option was strongly considered.

profile

nce Corner Road Bridge
Interstate 195

S s
; %&ion of completed Faunce-Corner Road

: - Bridge Over Interstate 195. All Photos and Figures: GPI.

However, the study concluded that—
because the existing piers were
constricting future 1-195 expansion
and the existing overhead clearance
was only 14 ft 5 in.—a complete
bridge replacement that improved
these deficiencies was a better overall
investment for MassDOT.

The bridge study focused primarily on
precast, prestressed concrete and steel
plate girder solutions because of the
anticipated 120-ft span range. The
bridge’s history showed that precast
concrete girders could perform well in
the environment, which made it difficult
to not be biased toward that solution.
There were some initial concerns
that the weight of the concrete
girders would create large reactions
and potentially require large and
uneconomical substructure elements.
However, this bridge site had the benefit
of high bedrock, which allowed the
footings to bear either directly on rock
or on a lean concrete fill to rock. This

BRIDGE DESIGN ENGINEER: GPI, Wilmington, Mass.
PRIME CONTRACTOR: J.H. Lynch & Sons Inc., Cumberland, R.l.
PRECASTER: J.P. Carrara & Sons Inc., Middlebury, Vt.—a PCl-certified producer
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fact alleviated concerns about needing
large footings or deep foundation
elements as the project moved further
into the design phase. Based on cost
and service-life considerations, the study
ultimately concluded that the bridge
should be completely replaced and
precast, prestressed concrete girders
should be used.

Precast, prestressed concrete girders
were selected over weathering-steel
girders because the project is located
within 5 miles of the ocean and in a
corrosive environment. However, the use
of prestressed concrete girders involved
certain design constraints. To reduce the
formation of cracks in the girders, the
bottom flange was designed to meet
MassDOT's most stringent requirements
and to have minimal tensile stresses in
the precompressed tensile zone under
the Service Il limit state after prestressing
losses have occurred. Reducing the
formation of cracks lowers the risk that
chloride contamination might reach the

FAUNCE CORNER ROAD BRIDGE OVER INTERSTATE 195 / DARTMOUTH,
MASSACHUSETTS
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prestressing strands and extends the
service life of the girders.

Bridge Configuration

The new bridge is composed of
Northeast Bulb Tee (NEBT) 1800
(1800-mm-deep [70.9-in.-deep])
precast, prestressed concrete girders
with a cast-in-place, 8-in.-thick,
reinforced composite concrete bridge
deck. The girders are supported by cast-
in-place concrete cantilever abutments
and a single cast-in-place concrete
multi-column pier.

The bridge pier is centered in the
median of 1-195, and the abutments are
located 30 ft back from the edge of the
closest lane, which set the spans at 120
ft each. The new bridge has an overall
out-to-out width of 115 ft 4 in., with
slight variations due to the horizontal
roadway alignment. The roadway
consists of a 6-ft-wide sidewalk, an
11-ft-wide sidewalk, a variable-width
median (16 ft maximum), a 46-ft
curb-to-curb width southbound, and
a 34-ft (minimum) curb-to-curb width
northbound. The bridge also carries a
12-in.-diameter gas line on one exterior
bay and a 20-in.-diameter water line on
the opposite exterior bay.

Because of the width of the bridge, a
longitudinal joint was constructed
down the center of the bridge, which
essentially created two independent
superstructures. To limit thermal
movement of a bridge and stress on the
bearing assemblies, MassDOT's general

policy is to provide a longitudinal bridge
joint in the median if the bridge width
exceeds 72 ft.

The bridge profile is on a 300-ft-long
vertical curve with 2.51% entry and
-3.87% exit grades, and the roadway
alignment over the bridge is on a
3800-ft-radius horizontal curve. The new
design removed multiple piers from the
[-195 shoulders, which allows for future
expansion and also provides 16 ft 6 in.
of minimum vertical overhead clearance
for I-195.

The roadway vertical curve crest was
located in the second span and required
close geometric coordination with the
anticipated residual girder camber to
lessen the depth of haunches at time
of deck placement. This geometric
coordination allowed the design to

Completed stage | bridge in service while
stage Il is under construction.

6'—0" (M‘\N.)J Lz 117 (MIN.)
8'-10" (MAX.) 311" (MAX.)

reduce additional haunch dead load
and avoided complications of installing
variable-depth stirrups to create
composite connections with the deck
slab. The bridge seat elevations and
sole plate slopes had to be determined
through computer-aided design
modeling to ensure that the final
beam would provide full contact to the
24-in.-diameter reinforced elastomeric
bearing pads. MassDOT prefers to
use elastomeric bearing pads where
possible; in this case, they were sized
and designed to meet all requirements
of the American Association of State
Highway and Transportation Officials
(AASHTO). The bearing pads were
located at both ends of the girders.

With the 120-ft span lengths and an
average girder spacing of 7 ft 3in., NEBT
1800 girders were selected because

MASSACHUSETTS DEPARTMENT OF TRANSPORTATION—HIGHWAY DIVISION, OWNER
BRIDGE DESCRIPTION: A 240-ft-long, two-span continuous for live load, precast, prestressed concrete bulb-tee girder bridge

STRUCTURAL COMPONENTS: Thirty-two (16 per span) precast, prestressed concrete NEBT 1800 girders, 8-in. cast-in-place composite concrete

bridge deck, cast-in-place concrete cantilever abutments, and cast-in-place concrete multi-column pier

BRIDGE CONSTRUCTION COST: $6.35 million bid cost (approximately $230/ft?)
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View beneath completed bridge showing the center pier and abutment.

they were the only MassDOT standard
precast, prestressed concrete girder
that had the load-carrying capacity for
such a span and beam spacing. The
NEBT 1800 girders also have a wide
top flange, which facilitated the use of
splayed-girder framing for the exterior
girders, with girder spacings that varied
from 6 ft 0 in. to 8 ft 10 in. The straight
bulb-tee girders also accommodated the
horizontally curved roadway deck slab
that required variable width overhangs
ranging from 2 ft 1in. to 4 ft 0 in.

The girders were designed using the
2012 AASHTO LRFD Bridge Design
Specifications methodology and were
analyzed as simply supported for
dead loads and continuous for live

BEAM END ENCASEMENT

loads.The bridge was constructed
in two stages, with the first stage
being built immediately adjacent to
the existing bridge. This construction
method allowed the existing bridge
to stay completely in service during
stage | construction. The second stage
of construction occurred within the
approximate footprint of the existing
bridge, while traffic was shifted to the
new stage | structure.

Girder Design Features

The girders were made continuous for
live loads through the use of reinforcing
steel in the deck slab combined with
a full-depth beam end encasement
detail, which eliminated the need for an
expansion or control joint over the pier.
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Beam end encasement detail at pier, providing continuity for live loads and eliminating

joints over piers.
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This was a key element to this structure,
given that one of the major deficiencies
of the previous structure was leaky
deck joints over the piers. The concrete
girders also have a lower coefficient of
thermal expansion, as compared with
steel girders, which allowed for the use
of simpler expansion joint details at the
abutments. The simpler joint detail will
require less long-term maintenance and
offer better protection of the girder
ends, where corrosion can typically be
a problem.

Due to the long span length and bridge
loading, the girder design used all 10
available harped strand locations within
the girder. The girder design also required
a concrete strength of 8 ksi, as opposed
to MassDOT's standard 6.5-ksi concrete
strength for prestressed concrete girders.
MassDOT permits use of an increased
concrete strength to avoid going
to deeper sections or creating closely
spaced girders. In addition to harped
strands, the girder design required
debonding for the first 18 to 24 in. for
specific strands at the girder ends to
reduce compressive stresses at the time
of prestressing force transfer.

Providing durability

All elements of the structure, with
exception to the approach slabs, are
reinforced with epoxy-coated reinforcing
bar, which is a MassDOT standard.
MassDOT also requires the use of high-
performance concrete in all bridge
decks, end diaphragms, and precast,
prestressed concrete beams.

MassDOT specifications require that
high-performance concrete include
the use of a corrosion inhibitor such
as calcium nitrite and be air-entrained
for freezing-and-thawing resistance.
The use of these materials is specified
in Massachusetts to provide structures
that are resistant to the high-chloride
environment to which they are
exposed during long, cold winter
months throughout their service life.
These materials, combined with careful
detailing, will provide a durable,
economical structure with immediate
and long-term cost savings. [

Paul W. Berthiaume is a project manager
and John F. Watters is vice president/
director of structural engineering with
GPIl in Wilmington, Mass.
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