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ABSTRACT 
 

Currently under construction, I-280 Maumee River Crossing Bridge Project in 
Toledo, Ohio, at a cost of $220 million, is the largest single project ever 
undertaken by the Ohio Department of Transportation.  The project consists of 
approximately 27,000 linear feet of precast concrete segmental construction 
including a unique cable-stayed main span unit. An all-concrete solution was 
possible due to the ability of HPC to meet all project requirements. Low-
permeability, air-entrained concrete is used to insure long-term durability of 
both superstructure and substructure. Concretes with up to 10,000 psi 
compressive strengths are being used in some of the most dramatic structural 
elements reducing size and weight.  These high strengths provided the means 
to explore new shapes and achieve the structural and aesthetic balance that the 
community requires.  By developing specifications that give the Contractor 
the flexibility to explore mixes to better suit his means and methods, HPC is 
currently meeting all of the project�s expectations for color, strength and 
durability. 
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INTRODUCTION 
 
Currently under construction, the new I-280 Maumee River Crossing Bridge Project in 
Toledo, Ohio, at a cost of $220 million, is the largest single project ever undertaken by the 
Ohio Department of Transportation.   
 
In 1988 the Toledo Metropolitan Area Council of Governments (TMACOG) identified the 
replacement of the existing I-280 bridge over the Maumee River, presently known as the 
Craig memorial Bridge, as its highest priority transportation project. The new bridge will 
bypass one of the last lift bridges on the Interstate system allowing the existing bascule lift 
span structure to be used for local and pedestrian traffic.  This bascule bridge opens in excess 
of 900 times a year causing major disruption to interstate traffic. 
 
Interstate 280 runs north and south through eastern Toledo (See Figure 1) in a narrow 
corridor surrounded by residential areas.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Maumee River Bridge Location 
 
Because of this, right-of-way acquisitions were held to a minimum.  The City of Toledo and 
northwest Ohio sit at the crossroads of land and water-based commerce in the Great Lakes 
area, and Interstate 280 provides a vital link between northwest Ohio and southern Michigan.  
To minimize disruption to interstate as well as local traffic, early on in the project ODOT 
made a commitment to the community to maintain four lanes of interstate traffic at peak 
times once the project went into the construction phase. 
 
The new bridge consists of approximately 27,000 linear feet of precast concrete segmental 
construction including a unique cable-stayed main span unit (See Figure 2) for a total of 1.2 
million square feet of bridge deck.  The construction contract was awarded in January of 
2002 to Fru-Con Construction Corporation of Ballwin, Missouri.  Work on the bridge began 
in the spring of 2002 and has a scheduled completion date of 2005.  
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Figure 2. Rendering of the Maumee River Bridge Main Span Unit 
 
PROJECT OVERVIEW 
 
MAIN SPAN STRUCTURE 
 
A cable-stayed main-span unit crosses the Maumee River with two 612.5-foot spans that 
flank a single pylon that rises 404 feet above the water.  The superstructure is supported by 
twenty stay cables with deck-level anchorages spaced at 28�-0�.  The stays are aligned in a 
single plane along the axis of the bridge.  The pylon foundation consists of a 104�-0� 
diameter by 16�-0� thick mud line level footing that is supported by 17-8�-0� diameter drilled 
shafts.   
 
APPROACH AND RAMP STRUCTURES - SUPERSTRUCTURE 
 
Each northbound and southbound approach structures consist of 25 spans on the south side of 
the river and 29 spans to the north.  Span lengths vary from 106 feet to 150 feet and typically 
consist of 13 to 16 precast concrete box girder segments.  These segments will carry three 
lanes of traffic each and are 58 feet wide, 9�-2� deep and vary from 6�-0� to 10�-0� in length. 
 
Four ramps provide access on the north and south sides of the Maumee River.  Ramps A and 
D are located north of the river crossing consist of 18 and 12 spans respectively.  On the 
south side, Ramps Y and Z consist of 20 and 24 spans respectively.  The 9�-2� deep ramp 
segments will carry one lane of traffic and are 29�-0� wide and vary in length from 5�-0� to 
9�-6�. 
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APPROACH AND RAMP STRUCTURES - SUBSTRUCTURE 
 
Precast segmental and cast-in-place alternate designs for the typical approach and ramp piers 
were included in the bid documents.  The Contractor�s winning bid included the cast-in-place 
option for all the piers. 
 
The typical approach piers have an octagonal cross-sectional shape with a maximum exterior 
dimension of 8�-0� and 12�-0�. These hollow box cross-sections have a wall thickness of 1�-
0�.  The ramp piers have similar architectural details with an octagonal cross-section and 
nominal exterior dimensions of 8�-0� and 10�-0�.   
 
 
DESIGN CHALLENGES 
 
The project location, site conditions as well as the public involvement process yielded a 
unique set of functional and aesthetic requirements.  From a functional standpoint, the 
structure type selected must be economical, durable in an aggressive environment and 
constructible in an urban setting with limited access while at the same time minimizing 
disruption of traffic.  The new bridge must also provide 120 feet vertical clearance for the 
navigational channel. The structure type selected must also satisfy the community�s desire of 
an aesthetically pleasing structure that would become a symbol of the City of Toledo. 
 
The urban setting of the project combined with the limited right-of-way made it essential that 
the foundations and substructure types selected must also accommodate to the strict 
maintenance of traffic requirements while providing the aesthetic features expected by the 
community. The foundations must minimize construction impacts on interstate traffic as well 
as construction noise and vibration for the surrounding neighborhoods.   
 
 
DESIGN APPROACH 
 
Early on in the design process, it was very clear that unique designs and innovative solutions 
would be needed to fully satisfy the needs of ODOT and the community.  It became apparent 
that a solution based on high performance concrete would provide the flexibility to meet 
special combinations of performance (strength, durability, workability) and uniformity 
(quality, color) requirements that cannot be achieved routinely using conventional and 
normal mixing, placing and curing practices.   An all-concrete solution also means that local 
labor and material would be used boosting the local economy and employing local iron 
workers, carpenters, etc. 
 
High performance concrete touches every aspect of the project and provides the means of 
achieving the structural and aesthetic balance that the community expects.  High concrete 
strengths are used to minimize structural members, create sculptured pier shapes that are not 
only attractive and slender but also durable.  Low permeability concrete with low water 
cement ratios insures that a durable structure is constructed. 
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SUPERSTRUCTURE DESIGN 
 
To meet the functional and aesthetic project requirements a precast concrete segmental 
superstructure built utilizing the span-by-span erection scheme was selected (See Figures 3 
and 4).   
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Approach Box Dimensions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Span-by-Span Construction 
 
 
 
Precast segmental construction offers several advantages: 
 
1. Construction 
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! Ability to be constructed over traffic minimizing disruption to the traveling public.  
! Speed of erection. 
! Factory-like quality of segment production. 
 
2. Aesthetics 
 
! Precast Segmental Box girders high aesthetic value. 
! Due to the factory-like conditions of segment production, consistency of concrete color is 

possible.   
 
3. Durability 
 
! From the durability standpoint, a major advantage of post-tensioned structures is the 

elimination of cracks that permits chlorides and other corrosive elements to reach 
reinforcement.  Decks of most segmental concrete bridges, including the Maumee River 
Crossing, are protected against cracking by both transverse and longitudinal post-
tensioning thus negating the avenues for harmful materials to reach the reinforcing steel.   

 
4. Materials/Labor 
 
! The extensive use of local labor and materials is possible. 
 
High performance concrete complements precast segmental concrete. High strengths allow 
the designer to develop lighter cross-sections and the ability to combine crack prevention via 
the post-tensioning with low permeability mixes insures durable structures.  For the 
superstructures, strengths of 6,000 psi for the approaches and ramps and 8,000 psi for the 
main span were determine to be optimum.  To provide resistance to freeze-thaw cycles, 
scaling, protection against the harmful effects of de-icing salts and increased durability, air-
entrained concrete with low permeability is required (See Table 1). 
 

Table 1. Superstructure Concrete Requirements 
 

Concrete Use
f'c Specified 
Compressive 

Strength

Design Permeability 
@ 28 Days

% Plastic Air 
Content

Match Federal 
Color No. 36622

Main Span Superstrcture 8,000 psi <1000 Coulombs 5%, +/- 2% Yes

Approaches and Ramps 
Superstructure 6,000 psi <1000 Coulombs 5%, +/- 2% Yes
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WEARING SURFACE 
 
An innovation that exploits the advantages of high performance concrete is the use of integral 
wearing surfaces on precast segmental concrete box girders in aggressive environments.  
Superstructure deck durability for any structure type is an essential component for long life 
of bridges, the use of deck overlays generally applied as a secondary operation is very 
common.  Concrete is a permeable material and the long-term penetration of chlorides from 
de-icing agents or aggressive natural environments can accelerate corrosion and cause 
serious damage to deck reinforcement. The migration of these deleterious materials is 
exacerbated by any pre-existing cracks or other damage to the deck and or deck overlay.  
Overlays serve as protection barriers and their effectiveness is directly related to their 
permeability and ability to remain crack-free. For the Maumee River cross-section an integral 
wearing surface 2� thick in addition to 1.5� cover to the top mat of steel is cast with the 
segment prior to erection.  The same high performance concrete that is used for the segment 
is used for the wearing surface (See Figure 5).   

 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Top Slab Integral Wearing Surface 
 
The low permeability, air-entrained concrete will slow down the long-term penetration of 
chlorides and provide resistance against freeze-thaw cycles.  Along with the bridge cross-
section, this type of overlay will also enjoy the structural benefits of applied post-tensioning 
in the longitudinal and transverse directions.  Analytical studies demonstrated that the 
integral overlay concrete is under a significant and consistent state of compressive stress 
throughout the service life of the material enhancing the effectives of the overlay as a 
protective barrier. 
 
In contrast, deck overlays applied as secondary operations once the bridge superstructure 
erection has been completed are very susceptible to ambient weather condition at the time of 
installation, top slab cleanliness and workmanship. Integral wearing surfaces are cast in the 
same factory-like environment as the segments. 
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FOUNDATION DESIGN  
 
Except in a few special cases, each approach and ramp pier is founded on a single, large-
diameter drilled shaft (monoshaft).  Approach piers feature 8�-0� diameter shafts with design 
depths ranging from 70 to 120 feet to competent rock.  All ramp piers were designed with 7�-
0� diameter monoshafts up to 100 feet deep. 
 
Several issues drove the selection of large diameter monoshafts foundations for the Maumee 
River Crossing.  The narrow right-of-way and preexisting structures limited the location of  
many of the new piers close to the existing I-280 and ramp alignments.  The use of large 
footings needed for multiple drilled shaft or driven pile foundations would have resulted in 
greater number of lane closures on these existing roadways.  The large number of piers 
located in confined areas required a structural scheme that would minimize the required 
construction footprint.  The use of multiple drilled shaft groups or large groups of driven 
piles would have required a large footing and would have added a significant number of 
construction operations to each pier location. 
 
Concerns regarding construction noise and vibration were also considered in the foundation 
type selection.  Given the close proximity of residential neighborhoods to the project corridor 
on both sides of the river, extensive pile driving operations could have been highly disruptive 
to the surrounding community. 
   
Due to the large lateral loads that must be resisted by the monoshafts and the depth to 
competent rock, concrete strengths of 5,000 psi are required for all monoshafts (See Table 2). 
 

Table 2. Drilled Shaft Concrete Requirements 
 
 
 
 
 
 
 
 

Concrete Use
f'c Specified 
Compressive 

Strength

Design Permeability 
@ 28 Days

% Plastic Air 
Content

Match Federal 
Color No. 36622

Drilled Shafts 5,000 psi No Requirement 6%, +/- 2% No

 
PIER DESIGN 
 
The typical approach and ramp piers consist of a single hollow stem with an octagonal cross-
section and 1�-0� walls. The maximum exterior dimensions of the typical approach piers are 
8�-0� and 12�-0� and for the ramp piers 8�-0� and 10�-0�. The pier cross-sections and cap 
details were developed with input from the community in context with the entire project to 
assure uniformity of the architectural details.   
 
Numerous pier shapes were evaluated for their ability to visually blend variations in width as 
well as height.  The elongated octagonal cross-section provided the desired visual effects that 

8 



Carballo and Baker                                                                                                  2003 ISHPC 

the public wanted and the necessary structural adequacy required for its functionality (See 
Figure 6).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 6. Typical Approach and Ramp Piers 
 

The pier slenderness required by the desired aesthetic effects combined with heights in 
excess of 80 feet created substantial demands on the pier cross-section.  In addition, the piers 
would also be exposed to freeze-thaw cycles and de-icing salts.  A concrete strength of 6,000 
psi was determined to be optimum for all typical piers.  To provide resistance to freeze-thaw 
cycles, protection against the harmful effects of de-icing salts and increased durability, air-
entrained concrete with low permeability is required (See Table 3). 
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Table 3. Typical Piers Concrete Requirements 
 
 
 
 
 
 

 

Concrete Use
f'c Specified 
Compressive 

Strength

Design Permeability 
@ 28 Days

% Plastic Air 
Content

Match Federal 
Color No. 36622

Typical Approach and 
Ramp Piers 6,000 psi <1000 Coulombs 5%, +/- 2% Yes

 
INTEGRAL T-PIER � SPECIALTY PIERS 
 
The physical limitations of the narrow I-280 corridor, the required minimum number of 
traffic lanes, the locations of surrounding existing structures and the community�s aesthetic 
preferences all contributed to the need for special pier design for the south approach 
structures of the Maumee River.  These specialty piers (total of 5) consist of a single pier 
with a large T-shaped cap.  Both the north- and southbound approach structures are integrally 
connected to the cap (See Figure 7) allowing significant reduction in depth in comparison to 
a non-integral superstructure/cap connection and eliminating the need for large intrusive 
straddle piers.  The pier shaft�s hollow box section varies in height from 29 feet to 42 feet 
and is consistent with the architectural details developed for the typical piers.  A group of six 
4~0.6� and fourteen 27~0.6� transverse tendons support the cap cantilever. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Figure 7. Integral T-Pier 
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Due to the large out-of-balance loads expected during construction, the optimum concrete 
strength for these piers was determined to be 8,000 psi. Similar to the typical piers and 
superstructure, air-entrained concrete with low permeability was specified (See Table 4) to 
provide resistance to freeze-thaw cycles, protection against the harmful effects of de-icing 
salts and increased durability. 
 

Table 4. Typical Piers Concrete Requirements 
 
 
 
 
 
 
 
 
 

Concrete Use
f'c Specified 
Compressive 

Strength

Design Permeability 
@ 28 Days

% Plastic Air 
Content

Match Federal 
Color No. 36622

Integral T-Piers 8,000 psi <1000 Coulombs 5%, +/- 2% Yes

 
PYLON DESIGN 
 
Nowhere in the project are the high performance concrete advantages better exemplified than 
in the main span pylon where strength, durability and aesthetics are combined to create a 
world class structure. The pylon is the focal point of the entire project. During the public 
involvement phase, the community determined that the bridge aesthetic theme should pay 
tribute to the area�s rich heritage in the glass industry.  The result is a slender cruciform 
shape above roadway level that receives glass on all four sides for the top 190� of the 
structure.  The glass will be lit from behind by 3-color LED lights that can be programmed 
for 365 days with unique light colors and patterns creating a distinctive appearance for the 
first of a kind landmark bridge. Below roadway level, the pylon cross-section is solid and 
flares in gradually from the water level to provide visual continuity from water level to the 
pylon top( See Figure 8).   
 
As a structural member, the slender pylon shape selected by the community must resist large 
construction loads as well as a ship impact load of 23,000 kips due to the pylon proximity to 
the navigational channel. Concrete with a compressive strength of 10,000 psi is required to 
satisfy the structural demands of this unique element and air-entrainment and low-
permeability are required to satisfy the durability requirements (See Table 5)  
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Figure 8 � Pylon Dimensions 
 
 

 
Table 5. Pylon Concrete Requirements 

 
 
 
 
 
 
 

Concrete Use
f'c Specified 
Compressive 

Strength

Design Permeability 
@ 28 Days

% Plastic Air 
Content

Match Federal 
Color No. 36622

Pylon 10,000 psi (f'c56) <1000 Coulombs 5%, +/- 2% Yes

 
 

CONCRETE SPECIFICATIONS 
 
The specifications recognized early on that concrete required for this project needed to meet 
special combinations of performance and uniformity that cannot always be achieved 
routinely using conventional constituents and normal mixing, placing and curing practices. 
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The project requires concrete mixes in which certain characteristics are needed for specific 
particular application and environment. 
 
From an engineering standpoint, concretes with low permeability, resistance to freeze-thaw 
damage, high strength and long life in aggressive environments are needed. From a 
construction standpoint, the Contactor is interested in concrete mixes that facilitate 
placement, ensure high workability, achieve early-age strength and generates low heat of 
hydration for mass pours. 
 
The intent of the specifications is to allow the Contractor to engineer and optimize his mix 
designs to meet the project specifications his construction means and methods needs. The 
specifications are performance based in order to give the Contractor the maximum flexibility 
to develop mix designs that will allow him to maximize the efficiency and use of his 
equipment. For the past few years, ODOT is transitioning towards performance based 
concrete specifications, the Maumee River Crossing is the first of 5 pilot projects to 
implement this philosophy.  Performance based specifications also have the added benefit of 
giving the Owner and designer the flexibility to customize performance requirements for 
different concrete members (strength, air, permeability) depending on their function in the 
structure. 
 
Under these project specifications, the Contractor is responsible for designing a mix that 
meets all the parameters specified and performing quality control testing of the concrete, 
including air-content tests of the plastic concrete, making cylinders, and performing 
acceptance tests for compressive strength and permeability.   
 
The specifications also have incentive provisions to reward the Contractor for consistency in 
strength and permeability. 
 
Following are the cementitious materials allowed by the specifications: 
 
! Portland Cement : ASTM C 150, TYPE IA, II, I, III 
! Fly Ash: ASTM C 618, Class C or F. 
! Ground Granulated Blast Furnace Slag (GGBF): ASTM C 989, grade 100 or 120 
! Micro-silica admixture: ASTM C 1240 
! Air-entraining admixture: AASHTO M 154 
! Chemical Admixtures: ASTM C 494. 
 
MIX DESIGN 
 
The contractor is responsible for the design, production, testing, documentation, and 
submittal of concrete mix designs that will produce structural concrete yielding the required 
design parameters as previously noted.   The Maumee River Bridge will also ensure 
uniformity of concrete color by requiring that concrete for all visible portions of the structure 
be of the lightest practical gray color with the absolute minimum variation in color.  The 
target uniform color to be produced is Federal Color Number 36622.  The Contractor is 
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required to produce and submit sample concrete sections 18� x 18� x 2� of each concrete mix 
design which illustrate compliance with the acceptable color.  In the addition to the 
performance requirements of the mix, there were other limitations on the mix design (See 
Table 6). 
 

Table 6. Concrete Mix Design Limitations 
 
 
 

 
 
 
 

Minimum Cement Content ACI 301

Maximum Percent of Total 
Cementitious Material by Weight ACI 301

Maximum Slump with High 
Range Water Reducer 9 Inches

  

 
The Contractor is required to submit mix designs for each class of concrete required on the 
project.  Each mix design submittal needs to include certified test data documenting results 
for air, slump, yield, unit weight, f�cr, and AASHTO T277 modified permeability. 
 
 
CONSTRUCTION CONSIDERATIONS 
 
In January 2002, Fru-Con Construction Corporation, Ballwin Missouri was awarded the 
contract for the construction of the Maumee River Crossing. In order to provide ready mixed 
concrete for the entire project, Fru-Con�s local producer Integrated Resources Inc., set-up a 
central mixed batch plant that is located adjacent to the casting yard within quick reach of 
most of the southern end of the project. Mindful of tighter quality control provisions driving 
both performance and color uniformity goals, Integrated Resources Inc. retrofitted a mobile 
plant with a new 6-yd. Twin shaft mixer in lieu of an older, tilting drum model.  
 
DRILLED SHAFTS  
 
The drilled shafts are being constructed using the fully cased method with grab (clamshell) 
excavation.  A crawler crane and a hydraulic rotator drilling machine (RDM) or a hydraulic 
oscillator machine (VRM) will be used for the excavation and shaft installation.  Full depth 
temporary casing will be used to support the excavated hole in order to prevent collapse and 
to protect the reinforcement cage during the concreting procedure from loose and unstable 
soils.  The temporary casing for each monoshaft will extend from above the ground surface 
to the top of the rock strata. 
 
The casing is advanced with the hydraulic rotator or oscillator in sections spliced in the field 
while simultaneously excavating geo-material with the spherical grab unit.  Once the 
required tip elevation is reached, the shaft base is cleaned with a gravel extraction cylinder or 
the airlift method as required.  After the main rebar cage is placed and secured, concrete is 
placed by the tremie method.  The tremie pipe is installed by the crawler crane, and will 
consist of individual pipe lengths ranging from 6 to 18� with watertight connections 
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extending to the bottom of the shaft.  A sliding plug (�pig�) is placed into the tremie pipe to 
prevent contact between the first charge of concrete and the water.  The starter tremie pipe 
will continuously penetrate the rising concrete in the shaft for at least 10 ft. during 
concreting. The withdrawal and disconnecting of the tremie pipe and casing is also done in 
sections as the concrete level rises. Concreting proceeds continuously until the designed top 
of shaft level is achieved. 
 
Concrete placement including tremie pipe and casing removal for a typical 8�-0� monoshaft 
takes on average 7 to 8 hours. For this particular application, the Contractor needs a mix that 
not only satisfies the specifications but that also remains fluid until concrete placement is 
complete.  This is important to the Contractor for three main reasons: 
 
1. Mix must stay fluid to conform to reinforcing steel. 
 
2. By using the tremie method, the concrete that is placed first in the shaft will rise to the 

top of the shaft. If initial set occurs while the shaft is being filled with concrete, the 
potential exists for the hardening concrete to plug the shaft at the top making it very 
difficult to complete concrete placement.   

 
3. If concrete sets prior to extraction of the casing and tremie sections, the friction and bond 

developed between the hardening concrete and the casing/tremie tubes might be too high 
for the hydraulic rotator and oscillator to overcome making the extraction of these pieces 
very difficult. 

 
The first mix that the Contractor used consists of 50% cement, 25% slag and 25% Class C fly 
ash with air-entrainment and plasticizer admixtures (See Table 7). Soon after commencing its 
use, the Contractor noticed that the concrete coming out the top of the shaft was nearing 
initial set prior to the completion of tremie tubes and casing extraction.  To mitigate this, a 
second mix consisting of the same constituents as the first plus the addition of a retarding 
admixture was used in an attempt to retard the initial set of the mix sufficiently to allow him 
to complete concrete placement.  The addition of the retarding admixture was ineffective in 
slowing down the initial set of the concrete. After consulting with concrete experts and doing 
additional testing, Fru-Con discovered that Class C fly ash is highly reactive and 
incompatible with GranCem (slag) causing in many cases flash set of the mix.  Even with ice 
used to chill the mix in order to slow down the heat of hydration, Fru-Con�s experience was 
that when the concrete temperature at time of placement was only 75 degrees Fahrenheit or 
above, the mix design would begin to harden. Even though Class F fly ash is allowed by the 
specifications, Fru-Con did not explore its potential use since only Class C is found locally. 
To slow down the initial set of the mix with Class C fly ash and GranCem, Fru-Con 
developed a third mix design consisting only of 35 % cement, 65% slag and air-entrainment 
and Axim Stop-Set admixtures.  Axim Stop-Set is a delayed set admixture that controls the 
cement hydration process and rate-of-set and keeps concrete in a plastic state for a few hours. 
 
The result is a mix design that Fru-Con claims is more economical due to the reduction in 
cement used while providing more consistent and dependable results. The lower amount of 
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cement (lower heat of hydration) combined with Stop-Set produces a mix that satisfies Fru-
Con�s constructability requirements. Before its use though, Fru-Con pre-heated the mix to 85 
degrees Fahrenheit to simulate summer conditions and evaluate the mix behavior.  They 
determined that even under this high temperature, their mix would still provide adequate time 
to complete concreting operation before initial set begins.   
 
The only adjustment to the mix has been the increase of air content from 5.5% to 6% to 
reduce bleeding caused by the large hydrostatic pressures at the bottom of the shaft on  this 
mix with slow setting characteristics. 
 

Table 7. Drilled Shaft Mixes 
 
 
 
 
 
 
 
 
 
 
 
 
 

Type I Cement Slag Fly Ash -   
Class C

Course 
Aggregates

Fine 
Aggregates

#1 Drilled Shafts 
(5,000 psi) 333 167 167 1670 1200 Air-Entrainment and 

Plasticizer 0.45

#2 Drilled Shafts 
(5,000 psi) 333 167 167 1670 1200

Air-Entrainment, 
Plasticizer and 

Retarder
0.45

#3 Drilled Shafts 
(5,000 psi) 233 434 - 1625 1150 Air-Entrainment and 

Axim - Stop Set 0.5

Concrete Use
Constituent Materials (lbs./Cu. Yd.)

Admixtures W/C Ratio

 
PIERS 
 
All cast-in-place piers will be built using 15 ft. steel jump form lift sections.  Pier reinforcing 
is pre-tied in reinforcing bar jigs adjacent to pier locations and placed on top of the previous 
lift. The forms are then placed around the reinforcing steel, plumbed and braced to withstand 
construction loadings and to conform to the tolerance requirements.  Once the forms are in 
place, placing of the concrete for pier lift is to be performed in one continuous pour by either 
truck or crane and bucket with hopper and tremie chute. 
 
Pier forms will not be removed until cylinder breaks achieve a minimum of 1,500 psi 
compressive strength. Additionally, a minimum of 2,500 psi (verified by compressive 
cylinder testing) is required prior placing forms for the next lift. 
 
PRECAST SEGMENTS 
 
To produce the 3057 precast segments required and meet the erection schedule, Fru-Con has 
16 casting machines producing typical segments, delta frames, pier and expansion joint 
segments, etc.  
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Precast segments are manufactured using the �Short Line� casting method, where segments 
are produced in a step-by-step production cycle with the casting machines maintained in a 
fixed position.  The �Short Line� casting method requires all typical segments to be cast in 
the same casting machine, using a stationary bulkhead on one face and the previously cast 
segment (called the match-cast segment) on the other face in order to obtain a match-cast 
joint. 
 
The typical production cycle for a segment consists of: 
 
1. The fixed bulkhead is surveyed and the casting machine aligned. 
2. The reinforcement cage is lifted off of the cage fabrication jig and set and positioned 

inside the casting machine. 
3. The segment is cast. 
4. The match-cast and wet-cast segments are cured 
5. Test cylinders are broken to establish that a minimum 2500 psi compressive strength 

required for stripping is achieved. Once it is achieved, forms are stripped. 
 
Upon arrival of the concrete into the precast yard, the concrete is sampled and tested by the 
QC engineer of the testing company as required by the project specifications. Following 
acceptance of the concrete, the truck is directed to the designated casting machine.  The 
concrete is then transferred from the truck to the bucket.  The bucket is handled with an 
overhead crane and hoisted over the casting machine for placement.  Once the concrete 
placement is complete the casting machine and match-cast segment are enclosed with 
insulated blankets and cured with the radiant heat method.  Forced air will be blown into the 
enclosed air chamber using portable vented heaters.  The temperature in the curing chamber 
and the concrete will be monitored with thermometers.   
 
MIX DESIGNS FOR PIERS AND SEGMENTS 
 
For pier and segment construction, the Contractor�s main objective was a mix that would 
provide the necessary high early-strength in order to strip and reuse the forms as quickly as 
possible. For pier construction, forms are stripped at 1500 psi and set for the next lift at 2500 
psi.  For precast segment production, the forms are stripped when the concrete strength 
reaches 2500 psi.   
 
During the development of a 6,000 psi mix with high-early strength characteristics that can 
be used for typical piers and approach and ramp superstructure as required in the 
specifications, the Contractor discovered that the mix was essentially yielding 8,000 psi 
concrete. This is not unusual since most mixes with high-early characteristics have higher 
percentages of cement that also boost their compressive strength. 
 
The first mix design used by the Contractor consisted of 50% cement, 50% slag with air-
entrainment, plasticizer and water reducer admixtures. Even though this mix yielded superior 
permeability and strength results, it did not reach the high early strengths target necessary for 
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a one day form cycle time � it was yielding a 2 day cycle time which was cost prohibitive for 
Fru-Con.  
 
Even though laboratory results of samples cured in a steam room for this mix indicated that 
high-early strengths were possible, Fru-Con discovered that the lower curing temperatures of 
the radiant heat curing method used in the casting yard is responsible for the differences 
between the laboratory and field results.  The expense associated with changing to the steam 
curing method for the segments is cost prohibitive and Fru-Con opted to revise the mix 
instead. 
 
A new mix that increases the cement content to 75% and reduces the slag content to 25% 
with the same admixtures as the earlier mix is currently being use with good success 
according to the Contractor. The higher cement content provides the necessary higher early 
strength while yielding good strength, low permeability and consistency of color. The 
Contractor also noted that the low water cement ratio necessary to achieve the high-early 
strengths also makes the workability of the mix less desirable but still acceptable. Fru-Con 
recommended against mixes with w/c ratios lower than .36 for this application. 
 
The current mix is achieving on average for segment cured utilizing the radiant heat method 
(120 degrees Fahrenheit) 2,800 psi at 12 hours, 8,100 psi at 28 days and 950 coulombs 
permeability at 28 days.  The same mix cured at ambient temperatures when used on a pier 
lift is achieving on average 1,500 psi in 18 hours and 2,500 psi in 30 to 36 hours. 
 

Table 8. Pier and Segment Mixes 
 
 
 
 
 
 
 
 
 

Type I Cement Slag Fly Ash -   
Class C

Course 
Aggregates

Fine 
Aggregates

#1 Segments and 
Piers (8,000 psi) 353 353 - 1734 1277

Air-Entrainment, 
Plasticizer and Water 

Reducer)
0.35

#2 Segments and 
Piers (8,000 psi) 530 177 - 1745 1288

Air-Entrainment, 
Plasticizer and Water 

Reducer)
0.36

Concrete Use
Constituent Materials (lbs./Cu. Yd.)

Admixtures W/C Ratio

 
Even though more expensive to produce than the 50%/50% mix, the higher cost is offset by 
the efficiencies of faster form cycle time. Fru-Con has elected to use the 8,000 psi mix for all 
the piers (except the pylon) and segments in the project.  Use of the same mix throughout the 
project will provide consistent strength, durability, color and eliminate additional 
coordination required when managing multiple mixes in a project this large. 
 
INTEGRAL T-PIERS 
 
The construction of the Integral T-Pier stem is done using jump forms similar to the typical 
piers. The large cap is constructed in a single continuous pour.  The pier cap requires 
approximately 430 cu. yd. of concrete and takes 8 hours to complete the concrete placement.  
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To minimize heat of hydration on a concrete element this large, Fru-Con elected to use the 
first mix design utilized for segment fabrication.  By virtue of having a lower cement content, 
lower heats of hydration are achieved. 
 
PYLON 
 
In addition to strength, color and durability requirements, the pylon concrete is classified as 
mass concrete. Currently, Fru-Con is in the process of developing mixes that will satisfy the 
project specifications as well as his means and methods. 
 
 
INTERESTING FACTS 
 
To illustrate the large amount of high performance concrete utilized in the project, following 
are some basic statistics: 
 
! There are 187 octagonal hollow piers for ramp structures and approaches structures. 
! The is 27,000 liner feet of superstructure.   
! 8 to 12 cast-in-place pier lifts are being placed each week. 
! The casting yard produces approximately 35 segments per week. 
! On average, four monoshafts are being complete each week. 
! It is anticipated that 64,300 cu. yd. of ready mixed concrete is needed for cast-in-place 

foundations, piers and pylon 
! It is anticipated that 107,400 cu. yd. of ready mixed concrete is needed for 3057 precast 

segments and delta frames. 
! It is anticipated that 17,000 tons of GranCem slag cement will be used. 
 
 
CONCLUSIONS 
 
High performance concrete touches every aspect of the Maumee River Crossing and is 
currently meeting all expectations and requirements for strength, durability and consistency 
of color.   
 
For the Owner, high performance concrete represented an attractive option when aesthetics 
and durability compete with the basic functional requirements of the project. 
 
For the designer, high performance concrete provides the means to explore and create unique 
shapes that are aesthetically pleasing, structurally efficient without compromising durability.   
 
For the Contractor, performance based specifications empower him to engineer mixes that 
work well with his means and methods allowing him to work efficiently and at the same time 
satisfying the project requirements. 
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