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1. INTRODUCTION

In the U.S. today, there are over 160,000 bridges that are structurally deficient or obsolete, and
more than 3,000 new bridges are added each year.!!) Federal, State and municipal bridge
engineers are seeking new ways to build better bridges, reduce travel times, and improve repair
techniques, thereby reducing maintenance. Additionally, owners are challenged with replacing
critical bridge components, particularly bridge decks, during limited or overnight road closure
periods.

In response to these challenges, researchers at the Federal Highway Administration (FHWA)
Turner-Fairbank Highway Research Center began investigating potential solutions in 2000.
Prototype designs of full depth ultra high performance concrete (UHPC) waffle deck panel
systems have been in development over the past 6 years in both Europe and the U.S.

UHPC provides superior durability against chlorides, freeze-thaw effects, salt scaling, abrasion,
accidental impact, fatigue, and overload, thereby extending the useful life of the bridge deck.
Combining these positive attributes of UHPC and the efficiency of the waffle panel design
provides an extremely durable option that enables faster construction and longer girder spans
through the efficient use of materials and reduced weight. In addition to these benefits, the
UHPC waffle panel bridge deck system is applicable to both new construction and the
rehabilitation of existing deteriorated bridge decks. Using this solution for bridge rehabilitation
not only restores the deck but also provides opportunities for upgrading load capacity through the
improved strength and reduced deck dead load.

Numerous State departments of transportation (DOT) and the FHWA have expressed significant
interest in using full depth UHPC waffle deck panels. By demonstrating this system is a viable
solution to the problems encountered by design engineers, it is hoped that it will revolutionize
the way bridges are designed in North America.

The research conducted under this project was divided into two phases. Phase 1 included the
design and testing of a mock-up bridge section for verifying design assumptions, as well as
evaluating the feasibility of manufacturing and installing the deck elements. Phase 2 consisted of
the construction of a full scale two-lane bridge on a secondary road in Wapello County, lowa,
using prestressed concrete girders and 14 UHPC deck panels. This report describes the results of
both Phase 1 and Phase 2.






2. WORK COMPLETED IN PHASE 1

This chapter summarizes the progress that was made in Phase 1 of the project. As mentioned
previously, the objectives of Phase 1 were to prototype and model the demonstration bridge
construction planned for Phase 2. These objectives were met by producing two prototype UHPC
waffle deck panels based on preliminary design work completed by the lowa DOT, modeling the
section of the demonstration bridge that would undergo testing in Phase 1 using a finite element
analysis (FEA) to predict the response of the system, and load testing the prototype waffle slabs
to confirm the design assumptions and FEA validity.

WAFFLE PANEL DESIGN AND FABRICATION

The preliminary design of the waffle slab was completed in late August 2009, and shop drawings
were completed by early September 2009. The project team consulted on the fabrication process
and aspects of the design relating to ease of production and requirements for UHPC joint fill.
The prototype panels were 8 feet wide by 9 feet, 9 inches long, with two layers of mild
reinforcing in each rib and dowel bars extending out of the slab at the transverse panel-to-panel
joint locations (see figure 1). The prototype panel modeled one girder-to-girder span along the
length of the bridge. It was determined that two slabs would be necessary to test the transverse
panel-to-panel joint.
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Figure 1. Diagram. Shop drawing of prototype panel.

The two prototype panels were produced in September 2009 at the Coreslab Structures plant in
LaPlatte, NE. The panels were cast using a displacement technique where the form was first
partially filled with fluid UHPC. Then the voids, which make the ribs of the panel, were forced
downward into the UHPC to displace the material, creating the shape of the panel. This



technique was used to allow for the removal of the voids once the UHPC reached initial set,
which is necessary to allow for unrestrained shrinkage and to maintain the random orientation
and consistent meshing of the fiber reinforcement. An additional benefit of casting the panels in
an inverted orientation is that the final driving surface will be cast into the panels through the use
of a form liner. By eliminating the application of a wearing surface placed in the field, the cost of
the system is further reduced, while the durability is increased. Figures 2 through 6 depict the
casting and production sequence.

Figure 2 shows the reinforcing layout of the first casting. Uncoated reinforcing was used because
the UHPC is effectively impermeable, eliminating the need for epoxy coated, galvanized, or
stainless steel reinforcing to resist corrosion. The prototype panel formwork was made of wood
to provide an inexpensive and temporary form. This strategy was employed because the design
was preliminary, and changes to the rib size, spacing, and joint profiles were possible between
the prototype and demonstration panels. The final formwork will be made of steel and adjustable
for various panel configurations. In addition to the standard reinforcing, several strain gauges
were cast into the panels to monitor the internal responses of the UHPC and reinforcing.

Flgure 2. Photo' Prototype pénel fortn setup

Figure 3 shows the placing of the UHPC into the form. The UHPC was placed with a specially
designed bucket that is the same width as the form, which aligns the steel fibers in the UHPC in
the longest direction of the panel. This alignment helps to increase the flexural strength of the
panels. The bucket was moved along the length of the form and kept behind the leading edge of
the flow to eliminate any discontinuity in the fiber orientation. The form was filled to a
predetermined level equal to the required volume of the panel, and then the voids were set as an
assembly (see figure 4). Each of the prototype panels required approximately 1 cubic yard of
UHPC.



Figur 4. Photo. Pin the voids thy are lowered into position.

- LT N A

By placing the voids as an assembly, the panels can be cast substantially faster and with more
precision. The UHPC is displaced by the voids as they are lowered into position to create the
final shape of the piece. Placing the voids prior to the casting would create a cold joint effect at
the corners of the voids because, as the UHPC flows into itself around the corners of the voids,
the fibers will not cross the intersection of the two flows of UHPC.



As mentioned previously, this casting method also allows the voids to be removed after the
initial set of the UHPC, which allows the UHPC to shrink without inducing internal stresses.
This is important because the UHPC will reach initial set within 12 to 14 hours but will not reach
release strength until approximately 40 hours after casting. Damage from shrinkage can occur
during this time if the appropriate precautions are not taken. Figure 5 shows the panel after the
side forms and voids were removed.

%\ il & _éﬁmt\-:
Figure 5. Photo. Formwork removed.

After the panels reached the required 14,000 psi release strength, they were stripped from the
form. The panels were lifted into the vertical position by the casting bed, rotated 180 degrees
about a vertical axis, and lowered back to the horizontal position in the proper orientation by the
casting bed. This technique was used to reduce the handling stresses on the panels. Even though
the concrete strength is very high at release, the sections from which the panels are rotated are
very thin, limiting the amount of stress that can be taken without cracking. The critical section is
at the very thin area where the toe of the transverse joint edge and the longitudinal rib intersect.
By rotating the piece with the casting bed, the issue of handling stresses is eliminated.

The panels were moved to the curing area and exposed to an accelerated steam curing cycle for
48 hours at 195 °F, as specified for maximum strength and durability. Before steam curing the
panels measured approximately 15,000 psi compressive strength. A test cylinder was broken
before the steam was turned off to verify that the panels had cured correctly, and the compressive
strength of the UHPC at that time was 29,800 psi, exceeding the required design strength of
24,000 psi. After curing was complete, the panels were loaded on a truck and transported to lowa
State University to be load tested.



)
- \ \

* Figure 6. Photo. Completed prototype panels.

LABORATORY LOAD TESTING

Laboratory load testing included testing the panels and the transverse joint in service, fatigue,
and ultimate loading scenarios, along with investigating friction properties of textures for the
driving surface. Table 1 shows the structural test protocols and sequence. The load magnitudes
for testing were established using the American Association of State Highway and
Transportation Officials (AASHTO) 16-kip service level truck wheel load with a factor of 1.33
for the panel and 1.75 for the joint to account for impact from moving loads.

To represent field conditions as closely as possible, it was determined that a prestressed concrete
beam was needed to support the panels during testing. A beam similar to the one required for the
demonstration bridge was used.

A UHPC joint casting was required and completed in the laboratory. The transverse joint
between the panels, the shear pockets, and the longitudinal area along the length of the support
beam were cast with Ductal UHPC in late November 2009. The laboratory joint fill followed the
same processes and used the same equipment as planned for the full scale demonstration bridge
construction.



Table 1. Structural test protocols and sequence.

UG Test Description Loading Location Maximum Load
Number
Service load test 1.33% x 16kips =
1 panel-2 Center of the panel 21.3 kips
. b H —
2 Service load test on Center of the joint 1.75° x 1(?‘ Kips =
transverse joint 28 kips
3 Fatigue test on_the Center of the joint 28 Kkips (1 million
transverse Joint cycles)
4 . Ioad_ test of Center of the joint 48 kips
transverse joint
5 Fatigue test on the Center of the panel 21.3 kips (1 million
panel-1 cycles)
6 Ultimate load test of Center of the panel 40 Kips
the panel

a, b —dynamic allowance factors from AASHTO table 3.6.2.1-1?
Strength and Serviceability Testing

An FEA model of the completed test setup was created, and several runs were made to locate the
worst case loading scenarios before the physical testing began. This helped limit the amount of
physical testing required and decrease the amount of time required for the testing phase of the
project. It was verified upon completion of the testing that the model closely represented the
results of the physical tests and will enable future projects incorporating UHPC to be designed
and investigated more efficiently and with less physical testing.

The results of the testing were promising. In summary, the 21.3-kip load placed on the panel
caused two hairline cracks in the rib below the loading location, and the 28-kip load applied to
the joint caused a barely visible crack to form on the bottom of the joint, as predicted by the FEA
model. Fatigue loading applied for the specified 1,000,000 cycles did not have any noticeable
effect on the strength or durability of the panels.

Surface Texture and Skid Resistance Testing

Five commercially available form liners were selected as possible driving surface textures, and
12-inch by 12-inch samples of the textures were cast in UHPC. The samples were tested
according to ASTM E303%®, Standard Method for Measuring Surface Friction Properties, and the
Transport and Road Research Laboratory (TRRL, formerly the Road Research Laboratory)
Standard Sand Patch Test for Measuring Surface Texture Depth ). Table 2 summarizes the
results of both tests.

Any texture depth greater than 1/64 inch for the Standard Sand Patch Test is considered “open,”
according to the TRRL. An open sample indicates the texture can be worn substantially from its
current condition before becoming smooth, which means it has good characteristics for use as a
long-term wearing surface. The testing showed all samples met the criteria to be classified as
open.



Table 2. Sand patch test results.

Sample Texture (Source) Sand Patch Dia. Average Texture Texture
No. (in.) Dia. (in.) Depth (in.) Characterization

1 2/61 Thames (Rekli) 9.45, 8.66, 8.46, 8.86 0.05 Open
8.86

2 2/102 Parana (Rekli) 7.87,7.68, 7.87, 7.87 0.04 Open
8.07

3 Broom Finish 10.04, 9.25, 9.65, 9.50 0.06 Open
(Architectural Polymers) 9.06

4 Heavy Broom 6.30, 6.30, 6.10, 6.15 0.10 Open
(Architectural Polymers) 5.90

5 Anti-Skid 8.66, 8.86, 9.06, 8.87 0.05 Open
(Fitzgerald Formliners) 9.06

Texture Depth = % x 103,V = 3.051187 in®

The skid resistance value (SRV) was measured using a British Pendulum Tester (BPT),
according to ASTM E303. The BPT is a dynamic pendulum impact-type tester used to measure
the energy loss when a rubber slider edge is propelled over a test surface. The test was performed
on the same set of sample textures as the Sand Patch Test, and four SRV tests were performed on
each sample. The SRV test setup is shown in figure 7, and a summary of the SRV tests is
presented in table 3.

UHPC panel with \ \, British pendulum §
texture surface _ - fester

Figure 7. Photo. SRV testing setup.




Table 3. Skid resistance test results.

Sample Texture (Source) Skid Resistance Average
No. Value (BPN) (BPN)

1 2/61 Thames (Rekli) 87, 88, 88, 88 87.75

2 2/102 Parana (Rekli) 96, 96, 96, 96 96

3 Broom Finish 72,70,70,70 70.5
(Architectural Polymers)

4 Heavy Broom (Architectural 80, 81, 80, 81 80.5
Polymers)

5 Anti-Skid 80, 80, 80, 81 80.25
(Fitzgerald Formliners)

BPN = British Pendulum Number
The suggested minimum SRV for difficult sites is 65, as determined by the TRRL, so all the
tested textures are excellent choices for all possible scenarios and roadway types. Based on the
information gathered from these tests, sample 2 was chosen due to its extremely high SRV and
good surface texture characteristics.
CONCLUSIONS
The researchers developed a preliminary design that is anticipated to perform well in service.

Casting was successful, and the prototype panels were produced without any major difficulties.

An FEA was developed that accurately represented the material and the overall structural
performance.

Only minor cracking was observed during testing, and this amount of cracking is not anticipated
to cause any long-term durability issues.

A suitable wearing surface was selected.
In general, the prototype panels performed very well and appeared to be more than capable of
holding up to the rigors of use on a public highway. Additional information regarding the

technical aspects of the strength and serviceability testing and associated results can be found in
separate reports.®®
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3. WORK COMPLETED IN PHASE 2

The objectives of Phase 2 included the construction of the full scale demonstration bridge in
Wapello County and a life cycle cost analysis (LCCA). These objectives were met by producing
14 UHPC waffle deck panels used in the demonstration bridge, creating an LCCA spreadsheet to
compare the cost of conventional construction to the use of UHPC waffle deck panels over the
useful life of the structure, and compiling data recorded during the first three months of the in-
service performance of the demonstration bridge to determine the best estimation of the long-
term performance and durability of the structure.

WAFFLE PANEL DESIGN

Research in the United States and Canada has shown that reinforced concrete bridge decks do
not act as flexural members, but rather as low profile tied arches.(” This research has noted the
large factor of safety inherent in typically reinforced bridge decks. Factors from 8 to 10 are
usually found with failures in typical decks by block shear and not flexure. Based on this study,
bridge design specifications were developed in Ontario, Canada, in the early 1980s that allowed
minimal reinforcing steel to be designed into bridge decks meeting required design conditions. ©
In addition, AASHTO adopted similar design specifications with the release of the Load and
Resistance Factor Design (LRFD) Bridge Design Specifications in 1994.9) In the 1990s, the
lowa DOT constructed 16 bridges on the State’s primary system using the empirical deck design.
The DOT’s bridge office has been monitoring these bridges since their construction.

The preliminary design of the reinforcing steel for the waffle slab panels took into consideration
the empirical design specifications allowed in the AASHTO LRFD Bridge Design
Specifications. The empirical design allows for bridge decks that meet the required “9.7.2.4-
Design Conditions” to be designed using four layers of reinforcing steel with a minimum of:

e 0.27 in%ft in the bottom mat of reinforcing.
e 0.18 in¥ft in the top mat of reinforcing.

In the preliminary design for the test panel, no. 7 reinforcing bars were used in the bottom mat of
steel at a transverse spacing of 1 foot, 9.5 inches (0.334 in%ft) and longitudinal spacing of 2 feet,
1 inch (0.28 in%/ft). No. 6 reinforcing bars were used in the top mat at a transverse spacing of 1
foot, 9.5 inches (0.246 in*/ft) and longitudinal spacing of 2 feet, 1 inch (0.211 in%/t).

The field cast UHPC joints were developed based on the testing done at the FHWA Turner-
Fairbank Highway Research Laboratory and the details used in New York and Canada on bridge
projects that had already been completed.™

One other factor to note in the basic design was a limit of 8 inches of overall depth. This

thickness was chosen to allow the UHPC waffle deck system to be used to replace existing
deteriorated bridge decks without altering the road profile.
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Initial discussion for the waffle panel design also included designing for a transversely pre-
tensioned concrete section that would be longitudinally post-tensioned in the field to eliminate
any cracks in the panels, but one goal from the producer’s view was to design the slabs with mild
reinforcing. This decision would eliminate the need for prestressing capabilities in the precast
plant, limiting the initial cost of the equipment and certification required to produce the slabs.
Hopefully this decision will allow more producers and municipalities to adopt the UHPC waffle
slab system.

Once the basic design concept was completed, FEA was performed to assist in determining the
adequacy of the panel. The FEA verified the design concept, with only minor cracking predicted
at the bottom of the rib section, allowing the project to move to full scale testing. At this time it
was decided that the connections between the panels would also need to be tested. The
connection details were primarily based on ongoing testing at FHWA."? The locations for
connection rebar dowels were limited based on the physical dimensions of the slab, so it was
decided one reinforcing bar would be located at each rib of the panel in the transverse panel-to
panel-joint, and two reinforcing bars would be placed in each rib of the panel at the longitudinal
panel-to-panel joint in addition to the shear key detail on the panel edge. The acceptability of the
panel-to-panel connections was primarily verified through testing.

The project team reviewed the testing of the mock-up bridge section, and the final design of the
waffle slab was completed in early April 2010. Shop drawings for use by production staff were
complete shortly thereafter. Figures 8 and 9 show the final panel dimensions and reinforcing,
respectively.

The demonstration bridge panels were designed identically to the prototype panels with respect
to the shape, depth, and spacing of the ribs and voids, but changes were made to the overall size,
reinforcing design, and surface texture. The demonstration bridge panels were designed to span
from the centerline of the roadway to the outside of the guardrail with an overall size of feet wide
by 16 feet, 2.5 inches long. A no. 7 reinforcing bar was used in both the top and bottom of each
rib instead of one no. 6 and one no. 7, to eliminate possible confusion and improper installation
by the production staff. A section of reinforcing was also added to the outside edge of the panel
to splice into the barrier posts that resist the impact forces from a vehicle collision. The 2/102
Parana formliner texture selected from the skid resistance testing in Phase 1 was provided on the
top surface of the panel to act as the final driving and wearing surface.
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TESTING EQUIPMENT AND PLANT MODIFICATIONS

Special equipment is required to produce the waffle slabs and to mix, cast, cure, and test the
UHPC. Most of the plant modifications required to accommodate the casting of UHPC were
completed during Phase 1, including the basic formwork, UHPC mixing and placing equipment,
and quality control and testing equipment. The additional modifications that were required to
cast the demonstration slabs included the additional formwork used to cast the ribs and voids of
the panels, and a computer controlled steam curing system. The equipment necessary to produce
the UHPC waffle slabs is described in the sections below.

Formwork

No existing formwork matched the profiles of the waffle slab design or the edge conditions
needed for the panel-to-panel joints. New formwork was designed and fabricated to cast the
slabs. At the time of the prototype casting, the final design was unknown because testing would
be required to validate the design. By researching the typical bridge designs in the lowa highway
system, it was determined that the maximum length would be 25 feet. The slab design was far
enough along at the time of prototype casting to determine that the standard width would be 8
feet. The width was chosen primarily due to transportation and handling restrictions. The casting
bed was fabricated by a specialized formwork manufacturer to accommodate these dimensions
and was utilized to rotate the prototype waffle slabs manufactured in Phase 1. As previously
mentioned, the side and void forms for Phase 1 were fabricated out of wood to serve as a
temporary form in the event changes to the section needed to be made between Phase 1 and
Phase 2.

The remaining formwork for the demonstration slabs was purchased after the final panel design
was complete and was fabricated out of steel to allow for a high number of reuses and to
conform to the tight tolerances required due to the thin UHPC sections used. The formwork
consisted of a bottom form including the side forms, end forms, and the casting table acquired in
Phase 1, and a top form which created ribs and voids of the panel. Figures 10 and 11 show the
bottom and top form assemblies, respectively.

The formwork was selected primarily to cast the demonstration panels but was also designed to
be adaptable to various rib spacings and overall panel configurations for future uses of the waffle
panel system. As shown in figure 11, the pans can be removed and replaced with different sizes
on the transverse beams, and the transverse beam locations can be adjusted along the length of
the longitudinal beams to accommodate unlimited configurations with a limited additional
investment. The bottom form is also designed to cast a deck panel up to approximately 25 feet in
length to accommaodate panels covering multiple lanes of traffic.

14



Figure 10. Photo. Casting bed and side forms.

Figure 11. Photo. Void form.
Casting and Initial Curing Equipment

A high shear mixer is required to adequately mix the UHPC material, and most precast plants
have an existing batch plant capable of mixing UHPC without major modifications. However,
typically the capacity of the mixer is reduced by approximately 50 percent due to the amount of
energy required to mix the UHPC. During both the Phase 1 and Phase 2 production periods, no
modifications were made to the batch plant to add steel fibers to the mixer or to automate the
addition of premix bags or admixtures. All components of the mix were weighed and added
manually for this project.
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The manual addition of steel fibers and other components of the UHPC mixture required
additional safety precautions and personal protective equipment (PPE) beyond what is required
for conventional concrete production. The most difficult problem to solve was how to protect
workers from the steel fibers. A very durable and puncture-resistant glove is needed to handle the
fibers. The best solution found was to use a thick rubber glove (to help prevent punctures) under
a heavy welding glove (to provide a thick layer of protection).

To place the UHPC in the forms, a concrete bucket was purchased in Phase 1. As mentioned
previously, the bucket helped to create the alignment of the steel fibers, but it was also necessary
because of the fluidity of the UHPC mix. Rubber gaskets were provided on the bucket gate to
seal the opening. Previous experience with UHPC showed this was the only efficient way to
transport UHPC from the mixer to the casting bed.

UHPC needs to be moist cured during the initial curing period, but steam curing was not
available at the casting bed, so dry heat and moisture retention was used. To cure the panels, the
exposed surfaces were covered with a shrink wrap film in Phase 1 and spray applied liquid
curing compound in Phase 2 to seal in the internal moisture. Heat was applied by propane heaters
for the initial curing period, and the entire form was enclosed with a tarp to contain as much heat
and moisture as possible.

Quality Control Equipment

Equipment for testing fresh UHPC was purchased before the prototype panel casting and
included a flow table (see figure 12), vibrating table, molds for prisms and cylinders, and scales.
These items were essential for producing a high-quality product. Project personnel were trained
on the equipment and related procedures before production began. A cylinder end grinder and
high capacity compression testing machine are needed to accurately verify compressive strength
of cured UHPC. Since this equipment was outside the budget limitations for this project, a local
university was contracted to perform the testing of the hardened properties within the
specifications outlined by the supplier.

16



Figure 12. Photo. Flow table.

Steam Curing

To accelerate the curing process and increase the durability of the UHPC a 48-hour steam curing
cycle is required. During Phase 1, the steam temperature was controlled manually by adjusting a
ball valve approximately every 15 minutes. This process was inefficient and time-consuming, but
it was effective in reaching the required design strength for the mock-up panels. An automated
steam curing system was purchased to provide precise control and eliminate the constant
monitoring and manual adjustment of the temperature for the demonstration panels. A Sure Cure
system consisting of a software package, electronic equipment, and thermocouples was used to
monitor the internal temperature of the curing enclosure and control the steam flow into the
curing enclosure by the use of an electronically actuated valve. The software package also logs
the time and temperature curve for the curing cycle to assist with quality control. See figure 13
for an example of the output. Two channels of temperature recording are shown in magenta and
orange, and one channel of ambient temperature is shown in black.
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Other Plant Modifications

Additional equipment and plant modifications were considered in the original proposal,
including a fiber distribution system for mixing UHPC, the installation of an automated bed heat
system to cure the fresh UHPC, construction and installation of a permanent steam curing
chamber, and the purchase of special equipment to handle the slabs from the edges. Knowledge
gained during the course of the project proved that these items were not required and did not
prove to be cost-effective for this project alone. Commercial fabrication of UHPC may warrant
the purchase of these items based on the volume of product required.

Impact on the Precaster

In general, the modifications required to produce the UHPC waffle deck panels were very
limited, and for small quantities of UHPC production, no modifications to the plant would be
required beyond formwork. If more than one or two castings are required, it is recommended to
invest in the products purchased for this project, including a bucket, testing equipment, and a
curing system to improve the efficiency and safety of the operation. The process and timing
related to producing UHPC compared to conventional concrete is the biggest change to the
production environment. Once a process is implemented and a new mindset of the crew
producing the panels is reached, the process runs smoothly.
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DEMONSTRATION PROJECT PANEL FABRICATION

The demonstration project panels were produced with the same basic process as the prototype
panels. Figure 14 shows the form setup for the first demonstration panel casting. Uncoated
reinforcing was used on the demonstration panels because only very minor cracking on the
bottom surface of the panel was observed during the laboratory testing of the prototype panels.
However, the dowels entering the field cast joints were made of stainless steel to provide an
additional factor of safety against the possibility of corrosion at the interface between the plant
and field cast UHPC. Unlike the prototype panels, no monitoring instruments were cast into the
panels.

Figure 14. Photo. Initial form setup. |

Figure 15 shows the placing of the UHPC into the form. The UHPC was placed with the same
specially designed bucket that was used for the prototype panels. Along with being able to
transport the extremely fluid material, the bucket helps to align the steel fibers in the UHPC in
the longest direction of the panel. The bucket was moved along the length of the form and kept
behind the leading edge of the flow to eliminate any discontinuity in the fiber orientation.

The form was filled to a predetermined level based on the total volume of UHPC required for a
panel, and then the voids were set as an assembly (see figures 16 and 17). Each of the prototype
panels required approximately 2 cubic yards of UHPC. By placing the voids as an assembly, the
panels can be cast quickly while keeping the size and spacing of the ribs very accurate. As with
the prototype panels, the UHPC is displaced by the voids as they are lowered into position to
create the final shape of the piece.
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16. Photo. UHPC placed to correct level.
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Figure 17. Photo. Placing the voids.
As mentioned previously, by forming the panels upside down and using a displacement casting
method, the voids can be removed after the initial set of the UHPC, which allows the UHPC to
shrink unrestrained. Damage from shrinkage will occur between initial set and stripping if the
appropriate precautions are not taken. The use of steel forms increased the need to remove the
voids promptly because the form was extremely rigid compared to the prototype panel form
made of wood and foam. Using the displacement technique also helps to randomly orient the
fibers in the rib sections. Figure 18 shows the panel after the formwork is removed.

Figure 18. Photo. Formwork removed (panel upside down). |
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After the required 14,000 psi release strength was verified, the panels were lifted into the vertical
position by the casting bed (see figure 19), rotated 180 degrees about a vertical axis, and lowered
back to the horizontal position in the proper orientation by the casting bed similar to the
prototype panels (see figure 20). The panels were then moved from the casting area to the curing
area.

Checking the release strength was one of the challenges faced by the plant when dealing with
UHPC. A 3-inch by 6-inch cylinder with 14,000 psi compressive strength could be tested at the
precast plant using existing compression machine, but the ends of the cylinders could not be
prepared to the flatness tolerance outlined in the specifications. The cylinders were ground flat
by hand, not by a machine, so the compressive strength measured was most likely a conservative
value due to stress concentrations on the cylinder ends caused by unevenness. The alternative to
this conservative method was to deliver individual cylinders to the local university and have
them tested every time release strength needed to be verified, but this was not feasible due to
time constraints in the production schedule.

g =

Figure 19. Photo. Lifting the panel to vertical.
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Figure 20. Photo. Pane'lgro-t‘atéd back to horizontal (panel right side upi).

The panels were cured for 48 hours at 195 °F, as required by the supplier for maximum strength
and durability. Prior to steam curing, the panels measured approximately 15,000 psi compressive
strength. A series of test cylinders were broken after the steam curing was completed to verify
that the panels had been cured correctly, and the compressive strength of the UHPC at that time
was an average of 33,700 psi, substantially exceeding the required design strength of 24,000 psi.
After curing was complete, the panels were stored until they were needed at the demonstration
bridge job site.

DEMONSTRATION PROJECT CONSTRUCTION

The demonstration bridge in Wapello County is 33 feet, 2 inches wide by 60 feet long, consisting
of 14 UHPC panels supported on five lowa “B” beam precast/prestressed concrete girders spaced
at 7 feet, 4 inches, with overhangs measuring 1 foot, 11 inches. The panels are jointed with
UHPC at the crown longitudinally, the transverse panel-to-panel joints, and the shear pockets
over the girders. The demonstration bridge plan and cross section are shown in figures 21 and 22,
respectively.

The design of the demonstration bridge and deck panels was completed in early April 2010;
however, due to an extraordinary amount of rainfall and flood damage around the bridge site, the
construction schedule was delayed by approximately 1 year. The letting for the general
contractor occurred in May 2011, and construction began in August 2011. A full set of plans for
the demonstration bridge, including the panels and connections, is included in the appendix.

The general contractor proceeded with construction quickly. The existing bridge was removed
the week of August 15, 2011, and new substructure and abutments were completed by September
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5, 2011. The precast beams and UHPC panels were set in place starting the week of September
12, 2011, followed by the approach slabs and other associated road work. The total time to install
the bridge was less than 4 months.
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Figure 21. Diagram. Plan of the demonstration bridge.
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Figure 22. Diagram. Cross section of the demonstration bridge.
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Panel Installation

The panels were delivered by truck to the demonstration bridge site, where they were offloaded
and stacked until they were needed. The panels were set over a period of 2 days, and simple
slings were used for rigging. The sequence of installation was from south to north on the east
side and from north to south on the west side, due to the layout of the reinforcing dowels. Steel
shims were placed under the panels to align the top surface of the panels and provide a smooth
driving surface. Two layers of half-inch compressible foam weather stripping were placed along
the top surface of the beams to seal the gap between the beams and panels to contain the field
cast UHPC placed in the longitudinal panel joint and shear pockets. Figure 23 shows the deck
panels being set, and figure 24 shows a close-up of the panels in place.

The contractor had no major problems installing the panels, and the east side of the bridge was
completed in only a few hours since each panel’s transverse joint dowel bars were designed to
set on top of the previous panel’s dowel bars. The only minor issue was the installation of the
second panel on the west side of the bridge. The panel was difficult to install because of the
overlapping reinforcing dowels in both the transverse and longitudinal joints, but after a few
adjustments to the rigging, the contractor was able to slide the panel into position. The same
rigging technique was used for the remaining panels on the west side of the bridge without any
issues.
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 Figure 24. Photo. Close view of the deck panels.
Joint Fill

The field cast UHPC joints were poured on September 27 and 28, 2011. The transverse panel-to-
panel joints on the east side were cast on September 27, and the transverse panel-to-panel joints
on the west side, along with the longitudinal crown joint, were cast on September 28. The UHPC
was mixed on-site with two portable mixers. Approximately 222 feet of joint were cast on
September 27, and 282 feet were cast on September 28. The UHPC was placed using
wheelbarrows and a funnel system. Figures 25 and 26 illustrate the construction sequence of
filling the joints and shear pockets with UHPC.

The transverse panel-to-panel joints were set tight together, but they were also sealed with a bead
of silicone caulking to ensure no UHPC leaked out of the joint during casting. The longitudinal
joint and the shear pockets were sealed with the weather stripping applied to the beams during
construction. Weather stripping was also applied to the top side of the panels at all field cast
locations to act as a form extension and ensure there were no areas of the joint that were
underfilled.
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A layer of sealed plywood was placed over the weather stripping at the joints and shear pockets

after they were filled with UHPC to prevent moisture loss during the curing period. Small risers
were placed on each joint and filled with UHPC to provide positive fluid pressure on the joints to
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force air out of the mix and keep the joint completely filled. Sandbags were placed on top of the
plywood to keep the UHPC from leaking out of the joints and onto the deck due to the pressure
from the riser and the bridge slope.

According to the supplier, casting went very well. If it had not rained the day before casting
delaying form preparation, the entire joint fill process could have been finished within an 8-hour
work day. The contractor was also very easy to work with and was open to suggestions relating
to the joint fill process. The only negative of the joint fill was one low spot in the UHPC on the
first day of casting. The imperfection was noticed prior to casting the second day, and two layers
of weather stripping were used instead of the single layer used on the first day.

Figure 27 is a photograph of the completed demonstration bridge.

Figure 27. Photo. Completed demonstration bridge.
IN-SITU TESTING AND EVALUATION

Field testing was used to evaluate the performance of the UHPC waffle deck panels under true
service conditions. The demonstration bridge was opened to traffic in November 2011 and field
tested in February 2012. The field testing included monitoring of live load deflections and
deformations at discrete, critical locations on the bridge superstructure as it was subjected to
static and dynamic truck loads. A 3D FEA of the bridge was used to help interpret the results of
live load testing, estimate strains due to dead load, and examine live load distribution.

Two UHPC waffle deck panels along the length of the bridge were selected for instrumentation.

One of these panels was located near the mid-span, and the other was located adjacent to the
south abutment, as illustrated in figure 28. Surface-mounted strain gauges were used on each
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panel and their adjacent UHPC joints to quantify deformations and identify the likelihood of
cracking under service loads. The locations of these strain gauges were selected to coincide with
critical locations on the panels and deck joints where stress and strain would likely be extreme.
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Figure 28. Diagram. Locations of monitored panels.

In addition to the strain gauges on the deck panels, 13 surface-mounted strain gauges and five
string potentiometers were attached to the girders to characterize the global bridge behavior,
measure mid-span deflections, and quantify lateral live load distribution factors. Using two
additional string potentiometers, deflections were also measured at the mid-spans of the deck
panel located near the center of the bridge. Top and bottom girder strains were also monitored
for three of the girders at mid-span and at a section 2 feet from the south abutment.

Live load was applied by driving a heavily loaded dump truck across the bridge along
predetermined paths. The total weight of truck was 60,200 Ib, with a front axle weight of 18,150
Ib and two rear axles weighing roughly 21,000 Ib each. For static tests, the truck was driven
across the bridge at a speed of less than 5 miles per hour. Each load path was traversed twice to
ensure repeatability of the measured bridge response. For dynamic tests, the truck speed was
increased to 30 miles per hour to examine dynamic amplification effects.

The results of the testing were promising. The maximum strains and deflections experienced by
the demonstration bridge during the field tests were well within expected performance
parameters. No strains recorded on the top of the deck indicated a likelihood of cracking or
opening of joint interfaces that might adversely affect durability. The only locations where
strains approached the anticipated cracking threshold of the UHPC waffle deck were on the
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underside of the panel adjacent to the abutment. These cracks were small in width, and the
strains recorded during the test were less than those recorded on the laboratory test panels at
service load levels.

In general, the UHPC waffle deck panels performed very well and appear to be more than
capable of holding up to the rigors of use on a public highway.

Additional details of the Phase 2 field testing are expected to be published in the 2013

proceedings of the PCI Convention and National Bridge Conference (E.H. Gheitanbaf, J.M.
Rouse, and S. Sritharan, authors).
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4. LIFE CYCLE COST ANALYSIS

LCCA was performed to compare the demonstration bridge to a conventional cast-in-place (CIP)
concrete deck bridge of the same size that would be typical for the location of the demonstration
bridge. The following sections summarize the methodology and assumptions used to complete
the analysis, along with a summary of the results.

LCCA ASSUMPTIONS AND SUMMARY OF RESULTS

The formula in figure 29 was used to calculate the LCCA for both options:

t=n

LCC = FC + X pwf [MC+IC+FRC+UC] + pwf [S]
t=0

Figure 29. Equation. LCCA formula.

Where:

FC = First (Initial) Cost

t = Time Period of Analysis

MC = Maintenance Costs

IC = Inspection Costs

FRC = Future Rehabilitation Costs
S = Salvage Values or Costs

pwf = Present Worth Factor

UC = Users Costs

The life cycle cost consists of the summation of all costs incurred over the life of the structure
discounted to account for the use of constant dollars. These costs include the initial design and
construction costs, periodic maintenance and inspection costs, future rehabilitation costs, any
residual value or salvage value, and the user costs associated with all of the previously
mentioned activities. The discount rate is represented by the present worth factor, and for this
analysis a value of 3 percent was used (typical established values range from 3 to 5 percent). All
costs for the LCCA were gathered from actual costs recorded during the demonstration project
construction or best professional estimates by the lowa DOT, Wapello County, or the contractor.

The user costs for both options were compiled using the information shown in table 4, and a
spreadsheet prepared by the Pennsylvania DOT available for public use was modified and used
to complete the computations.

LCCA summaries for the demonstration bridge and the CIP option are shown in tables 5 and 6,
respectively. The LCCA for both options turned out to be similar after all costs were considered.
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Table 4. User costs for the demonstration bridge and the CIP bridge.

Demonstration | CIP Bridge
User Cost Inputs Bridge

Length of affected roadway (miles)* 3.00 3.00
Average Daily Traffic* 280 280
Normal traffic speed (mph) 45 45
Construction traffic speed (mph) 45 45
Normal accident rate (per million vehicle miles) 1.9 1.9
Construction accident rate (per million vehicle miles) 2.2 2.2
Number of construction days 120 130

*Total traffic affected by maintenance, inspection, and rehabilitation activity.

As shown in tables 5 and 6, the CIP bridge has a slightly lower life cycle cost than the
demonstration bridge. There are a few main causes:

The initial cost of the demonstration bridge is high. A large initial cost is difficult to
overcome and is the biggest cause for uncertainty about UHPC. If the initial cost for the
UHPC option could be decreased, the LCCA would favor this option easily.

The amount of traffic using the bridge is relatively small. The user costs associated
with maintaining and rehabilitating the CIP bridge are one of the main reasons the LCCA
is close to being equal for both options. However, the amount of traffic using the bridge
on a rural secondary road is considerably less than what would be found on a highway or
interstate. If this bridge were placed on a road with double the daily traffic, the LCCA
would favor the demonstration bridge.

The maintenance and rehabilitation costs for the CIP bridge occur far enough in the
future that the costs are discounted substantially to convert to today’s dollar value.
While the CIP bridge requires considerably more maintenance than the demonstration
bridge, the costs occur at 25, 50, and 100 years in the future. Due to the discount rate,
these costs are reduced to a small value in terms of today’s dollars. This limits the effect
of maintenance costs in the overall LCCA.

Based on the results of the LCCA, it appears the UHPC waffle deck system would be ideally
suited for use on a heavily traveled road where impacts to users would be minimized by the
shorter construction time and decreased maintenance activity.

32



LCCA

Table 5.

summary:
demonstration

bridge.

LCCA
bridge.

Table 6.
summary: CIP

Demonstration Bridge

Estimated Cost of a Similar Bridge with CIP Deck

TTEM COST | NOTES
| ITEM COST NOTES
Initial Cost 5375,642 “m:,% mmrmmw,\mmm n m%m q__m,\mm_»._.%_om_ CIP Deck Design
| oa P 1_C<_:ﬂf_ o <<gtﬂ__c (CC_:K 7 __Lc_\
VARG 5050’ Year e A R R MY AT AR Tassume slightly more than UHPC)
ﬁ%ﬁ?ﬁ%@@%ﬁﬁ
et (Reajiied Eery Twe Years) 0 /T UHEREE Hz$iReEad8peeaEATCESEIAssume slightly less than UHPC)

KrociddeicbpyWéppitacGannty)

#;%§::§@:§am%@a:_mn Maintenance

510 000 / Occurance

This Item is Not Needed on UHPC Bridge

TOTAL LIFE CYCLE COST lw.m.w.mwmr@|

000 TGRS RS 'Needed on UHPC Bridge
50 Year %ocmm%hmﬁw%&wﬁm}_mkmm (80 e %, 'Rt Needed on UHPC Bridge
75 Year ﬁmﬁﬁmﬂ_.ﬂﬂ ﬁmﬁ:.u:m:wn 525 000 Provided by IDOT) fa'al
/5 Year SchegadeGNaimteaad CRerlay $0 This Item is Not Needed on UHPC Bridge ™
100 Year %Eﬁ%ﬁmmmjng%mﬁﬂﬁq_mV\ 5375 642 Assumed Typical Senice | ife of CIP Bridge is 100 Years
100 Year Cihofesttiahif RERABNEP Bridge $0 This Item is Not Needed on UHPC Bridge
120 Year eROIB&sigd Rdbuitd diReBridge 50 Not Applicable to the CIP Bridge
120 Ve RePIC W sipiuei fef RéB dhéd e 8297,313 [Keditifoe %z%a%w&ﬁurzggmo_@mu@.m@@g&&@ deck rehabilitations
End of Usefull Life - No Residual Value Galsdate damapenpoMctoR9eh JHEHS RRINRIA0ES SIS

5" CERIS ASRGIAES With EORSHHEHBR aRd zm__zmﬂ_w_}m@ B8 (e RBN P RR L EARE Py HBOT)
ho:m_ ﬁm ﬁ%:éq%m__mv« momﬁm <mm _ mw mqmm_: m and
Cons % M river 0StS, Vehicle Opératin sts, and

Accident Costs

FF_CG_:. f\CU_.U

TOTAL LIFE CYCLE COST $662,756




CONCLUSIONS
The final design is anticipated to perform well in service.

Casting was a successful experience for Coreslab Structures. The demonstration bridge panels
were produced with ease due to the experience of Phase 1.

Construction of the demonstration bridge proceeded smoothly, considering the new construction
techniques that were required.

The testing on the completed structure validates the assumptions from Phase 1 testing.

Only minor cracking was observed adjacent to the abutment in the demonstration bridge that
poses no threat to the long-term durability of the structure.

The LCCA relating to the UHPC waffle deck system is suited for a roadway where user costs
can be decreased by construction speed and reduced maintenance delays.

Overall, the project has been a successful experience, and invaluable knowledge has been gained
relating to the application of UHPC in bridge construction.
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APPENDIX: PLANS FOR LITTLE CEDAR CREEK BRIDGE, WAPELLO COUNTY, IA

BRIDGE REPLACEMENT

WAPELLO COUNTY

Project No. L-#39--73-90

Letting Date

FHWA NO. 331250

IOWA=
@gn CALL

IOWA
DEPARTMENT OF TRANSPORTATION

Highway Division
PLANS OF PROPOSED IMPROVEMENT ON THE

FARM-TO-MARKET ROAD SYSTEM

e .
PERMITS

THS FROUECT IS COVERED BY:

THE I0WA DEFARTMENT OF MATURAL RESOURCES NPOES
PERMIT MO. 2 1A-19921-19633

THE CORPS OF ENGINELRS NATONWIOE PEAWIT § 33

GENERAL

DATE: APRIL 18, 2011

WAPELLO COUNTY
BRIDGE REPLACEMENT
PROJECT NO. L-#39--73-90

STA. 5450

PROPOSED 66'-0 x 33'=-2
WAFFLE DECK PANEL BRIDGE _
o SKEW

B.0P. 0+00

EO.P. 10+00

LOCATED ON DAHLONEGA ROAD., APPROX. K MILE SOUTH OF
105TH AVE. OVER UTTLE CEDAR CREEK.

THE ICWA DEPARTMENT OF TRANSPORTATION STANDARD SPECIFICATIONS FOR HIGHWAY
AND BRIDGE COMSTRUCTION, SERIES 2009, PLUS APPLICABLE GENERAL SUPPLEMENTAL
SPECIFICATIONS, DEVELOPMEWTAL SPECIFICATIONS, SUPPLEMEMTAL SPECIFICATIONS AND
SPECIAL PROVISIONS SHALL APPLY TO THE CONSTRUCTION WORK ON THIS PROJECT

Seales: As Noted

PAOJECT TRAFFIC CONTROL PLAN

THE ADAD WILL B CLOSE0 TO THAOUGH TRAFFIC DURING COMSTRUCTION
LOCA. TAAFFIC 7O ADJACENT PROPEATIES WILL BE MAINTARED AS PROVIDED
FOR (% AATICLE 1107.08, 2000 STANDARD SPLCIRCATION PLUS CURRENT
SUPPLEMENTAL SPECIFCATIONS. “TRAFIC CONTROL DOWCLS, PROCIOURLS,
LAYOUTS, SIGNING, AND PAVEWENT MARMINGS INSTALLED WITHIN THE LTS OF

THS FROJECT SHAL CONFORM TO THE “WANUAL OW UNFORM TRAFFIC
COMTRO, DLVICES FOR STRELTS AND WCHWAYS® AS ACOPTED BY THE
onut«_iz PIR 761 OF THL OWA ADNINSTRATVE COOL (WC) CHAPTER

ML ADVANCED !Srz... SIGNS, Jan [ ?Efvr..nm 240 OTMER TRATIC

WORK AND ECUIPVENT, AND FOR PROVDNG FOR THT gn« OF THE
TRAWELNG PUBLIC. ALL SIGNS, BARRICADES, AND OTHER CONTROL DEWCES
SHALL BE IN ACCOADANCE WITH THE “MANUAL ON UNIFDAM TRWFFIC CONTROL

DEWCES FOR STREETS AND HIGHWAY J003 EDMON"

DETOUR WILL BE ESTABUSHED, SGNED, AND MANTANED BY WAPELLO COUNTY.

T=72N

Project No. L-#39--73-90

INDEX OF SHEETS
Mo, Description
1 TITLE SHEET
2 ESTIMATED PROJECT QUANTITIES, REFERENCE INFORMATION &
SOUNDING DATA
3 PLAN & PROFILE
4 GEMERAL NOTES
5-20 BRIDGE DESIGN DETALS
21-22 | TYPICAL CROSS SECTIONS, TABULATIONS,

POLLUTION PREVENTION PLAN & DETAILS

NO MILEAGE SUMMARY r

ROAD STANDARD PLANS

The _iu!s Slardord Pots wall be considernd applcable to construction work on this project

_ lsentiication | igentificotan| Date
1 Te-252
10 T Si-172
BA-202 | 04-70- S=173
BA-205 | 04-20- Si=2i1 ]
BA-250 | 10-18— ]

e —

[ — MS_NI

2006 AADT 280 V.P.D.

COUNTY WAPELLD | FROUECT NUMBER L-#39--71-90

SHEET NUMBER 1

Figures 30 through 51 are the complete set of plans for the Little Cedar Creek Bridge.

Figure 30. Diagram. Bridge plans, page 1.
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Figure 31. Diagram. Bridge plans, page 2.
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Figure 33. Diagram. Bridge plans, page 4.
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REOMFORCING BAR 1S 70 BE 2° UNLESS OTHERWISE NOTED OR SHOWN,
THE DESIGN BEARING FOR THE ABUTMENT PILES 15 45 TONS.
IF NECESSARY TO PREVENT DAMAGE TO THE END OF THE BRWDGE
DECK OR BACKWALL FROM CONSTRUCTION EQUIPMENT, AN APPROPRIATE
METHCO OF PROTECTION APPROVED BY THE WAPELLO COUNTY ENGIMEER SHALL BE
PROVIDED BY THE BRIDGE CONTRACTOR AT NO EXTRA COST TO WAPELLO COUNTY,

BEMCH WARW NO: LOCATED IN THE st POWER POLE ON THE SW CORNER OF EXISTING BRIDGE

PRECAST DECK PAMEL
(PROVIDED BY OTHERS)
le-

ELEV,=T757.47

DESIGN TEAM DGB * MSF

"A" OR "B" BEAMS — INTEGRAL ABUT. DETAILS — ' SKEW | EE@ T

6/4,/2000 EOZ16 AW Siermn

W, \ighway\Bridge \FinaSecbana\F ol |\ 1SHERS | Walle_Gicb\Walle_Siob beg

ABUTMENT PILE PLAN

NOTE:

7x80 ~ WP 10 x 42 STEEL BEARNG PILNG
REQUIRED AT EACH ABUTMENT.

45 TON BEARING ON EACH PILE.

f§ BOTTOM OF FTG.
lhapomnd bumms ELEV. (SEE TABLE)
...___ Lasis N\ o o
COL ROOD
wEvway FoRmMED By o)
BEVELED 2% B
|1l | BOTT. OF FTG. L'
ELEV. (SEE TABLE)
PART REAR ELEVATION AT ABUTMENT £ e KAy Lk
5 AR, 21" DIAMETER,
VIR U 1=6| 3 PICH WTH 3 - Ljx | = | SPACERS
E 0] PUNCHED T0 HOLD SPRAL
PART SECTION B-B
-2
) 4 BEAM SPACES @ 7'-4 = 25'-4 r=i1
B
- 1 BAl
3l,8.1°=0 SAME SPACING BETWEEN BEAMS 3 w” - o". FRONT FACE
T ﬁu - Bg2 SACK FACE
25 - 51 & Sk2 BACK FACE
Bg 48
545 H f NOTE: PLACE 5n2 BAR AT
an | - 1:6 SLOPE TO MATCH
Ko x ey ! 1 TRAFFIC m_um OF ABUTMENT
WNG FACE (B0TH SIDES
oL ROD o < TYPCAL .}
a1 \\ / / ;
KEYWAY FORMED 8g1 |
. BY BEVELED 28 r-3| rezlte 2
GUTTER LINE s
@ GUTTER LINE
PART SECTION A - A
-2
1E=7 = G
T=7 6 PAE SPACES © 5-0 = 30-0 -7
1 | LT LET IR
ABUTMENT NOTES: _ /l_ —
. " g amur. sRa. BaCx FacE
MMIMUM CLEAR DISTANCE FROM FACE OF CONCRETE TO NEAR _-|n APPROACH ROADWATY m?nm e &\ OF ABUTMENT

ABUTMENT STEP DIAGRAM

( AEAR ELEVATION ]
TABLE OF ABUTMENT
ELEVATIONS
POINT SOUTH ABUT. | MCARTM sBuT
e A | 760,14 TE0.14
ELEV. B 78029 780.29
ELEV. C 76044 760,44
ELEV. D 76028 760.29
ELEV. £ 760,14 76014
BOTT, FTG. ELEV.! 75684 756,64
TABLE OF
ABUTMENT STEPS
STEP |SOUTH ABUT |NOATH ABUT.
1 - —
b 17 19

NOTE:
OPEN RAIL NOT SHOWN ™ DETALS.
SEE DESIGN SMEET 15 & 16

DESIGN FOR A 0" SKEW

60'-0 X 33'-2 PRECAST UHPC
WAFFLE DECK PANEL BRIDGE

ONE E0°=0 SPAN
STA. 5+50

ABUTMENT DETAILS

JULY, 2000

HINA DEPARTMENT OF TRANSPORTATION = HIGHWAY DIVISION

WAPELLO COUNTY _ PROJECT NUMBER L-§39--73-90

| EEIEE

UHPC_Walfie_Siob_s004

Figure 34. Diagram. Bridge plans, page 5.
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Figure 35. Diagram. Bridge plans, page 6.

43



7 PANELS © B'-0 = 55'-0

CLP. 3'-10,

T

— END SLAB L

<

SEE OPEN BARRSER RAIL DETALS FOR BARS
AND BAR SPACING ON DESGN SHELT 15,
72

BEMCH MARK NO: LOCATED IN THE 1st. POWER POLE ON THE SW CORNER OF EXISTING BRDGE

[~ PARALLEL 10 THE
THEQRETICAL § GRADE

et -}
COL ROO|

ﬂﬂa .

&

6ed

—SEE DETAL "C" .\l%nz BARFIER :.r...l/.
6ot o
/7 — o [
=2 iy £ u_n__J i
SEoS @.
&1
5375 [y st ) | '
Bl =—Bg1 - .@
2% i
F—R ABUTMENT BEARING _-—“u\ “
PART LONGITUDINAL SECTION NEAR GUTTER il L_.mu

MIDWAY BETWEEN

m.ﬁgm\

i C T e
. L et
N INSDE FACE OF 4
OPEN BARRIER RAIL
§ ABUT. BRG.
>
m
-
5
bheskhasa=sssssss===q
INSIDE FACE OF
/an BARRIER RAIL
T ——
T i i 1 _..
= S

7'=0 ABUTMENT WING

PART PLAN

PART SECTION
AT MID SPAN

©

_—

5h2
g 2'-2 | EMBEOMENT

<

Sn (BACK FACE)
&n3 (TRAFFIC FACE)

PART END VIEW AT ABUTMENT

OPTIONAL CONSTRUCTION
JOMY. USE BEVELED 2w 8
KETWAY IF JOINT IS USED,
) ¥=0 10,
6, pret “05] 1'—1]| ates
s _ ihch
Snd) =
ﬂ# 1l -
- e e !” o=
Sht | dic Satt 88c2
2074| 306 |6|6|posi=2-7]|| 3 6o & aBc2

AL SPACES = B'-f; Ss1 ]} 3

7'-0 ABUTMENT Wi

NG

PART SECTION C-C

TABLE OF WING ELEVATIONS

LOCATION [

ELEV. A ELEV. B

TACH CORNER| 2-01

764,42 764,42

..

52

3 €0, 5PS

DM "",

& NOTE:

2 EQ.4{8

a

SECTION A-A

o]

e

bmn BARS

A

SN

5
i A

PART SECTION D-D

P SEE END SECTION DETAILS IN THESE PLANS FOR
m DETALS OF BARRER RAL END SECTION AND SPADNG
- FOR Sc BARRICR RAIL BARS. RENFORONG BARS
"Sc", "S¢" AND “at!® AAE WCLUDED IN THE
SUPERSTRUCTURE OUANTITIES.

i RaDWS

DETAIL "C*

ELEV,=757.47

CONSTRUCTION JOINT
ROUGHENED CONCRETE

ONE 80°-0 SPAN

DESIGN FOR A O° SKEW

60'-0 X 33'-2 PRECAST UHPC
WAFFLE DECK PANEL BRIDGE

SUPERSTRUCTURE DETAILS

JULY, 2000

IOWA DEPARTUENT OF TRANSPORTATION — HIGHWAY DovSiON

DESICN TEAM DGB * MSF

WAPELLO COUNTY | PROJECT NuuBER L-#39--73-90

IEEIEEE

Ef4/2000 B0219 AW

chierma

W, \ighway \Brdge \F moiSections \F ol \FTSHERS \Warlie__Siab \ Waihe _Sab brg

UHPC_Waffle_Sich_s006

Figure 36. Diagram. Bridge plans, page 7.
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Figure 37. Diagram. Bridge plans, page 8.
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1°8 STAINLESS
STEEL DOWELS
(B QTHERS)

PRECAST WAFFLE DECK
\lvimrm {BY OTHERS)

T

URPC (N=FILL = A4 —z01 (TR
‘L ’ (EPOXY COATED)

—

(BY OTHERS)

PRECAST WAFFLE PANEL

£
&
2

FOAM STRE T

a

* NOTE:

SECTION C-C

EVAZOTE
SEAL

CAST-IN-PLACE AREA OF THE ABUTMENT BACKWALL
AND 3'-10 OF DECX SHALL BE STRUCTURAL CONCRETE,
BRIDGE STANDWAD CLASS 'C' Wk

_'Im TRANSVERSE JOMT

~ UHPC iN=FILL

CAULK EDGE OF
JOINT TO SEAL

/- Al_.- STAINLESS STEEL
PRECAST WAFFLE uNﬂK\\ STamIFSS STEEL ]
PANELE (BY OTHERS) BaR PROECTION ORMELS: (BY-GTHERS)
FOAM GASKET
{APPROVED BY ENGNEER)

SECTION B-B

(TRANSVERSE JOINT)

FRECAST WAFFLE DECK G BEaM
PANELS (BY OTHERS)

Ex12 UHPC N-FlL HOLE

CAULK EDCE OF EVAZOTE
FOAM STRIP TO SEAL

EVAZOTE FOAM STRP
OF APPROVED EDUAL (TYR.)

i
mmnjnuz D-D
OES0GN FOR A 0" SKEW

60'-0 X 33'-2 PRECAST UHPC
WAFFLE DECK PANEL BRIDGE

ONE B0'-0 SPAN JILY, 2010
514, 5+50

CAST IN PLACE END SLAB DETAILS

ICWA DEPARTMENT OF TRANSPORTATION = HIGHWAY DMasiOn

NOTE:
FOR DETAILS AND QUANTITIES NOT SHOWN,
REFER TO DESIGN SHEET 10,

DESICN TEAM DGE * MSF

WAPELLD COUNTY — PROECT NUMBER L-j§X0--73-00 _ SHEET MUMBER 9

B/4/3N0 80221 AM

dbierwo W \Highway'\ Bridge’\FinciSeclions'\Fingl \FISHERS \Walfle_Siob\Walle_Siab.brg

UHPC_Wolfie_Siob_s008

Figure 38. Diagram. Bridge plans, page 9.
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Figure 39. Diagram. Bridge plans, page 10.

47



BENCH MARK NO: LOCATED N THE ist. POWER POLE ON THE SW CORNER OF EXISTING BRIDGE. ELEV.=757.47

TYPICAL SLAB AND HAUNCH DETAIL

FOR SLAH THICKNESS (T) OVER BEAMS SEE SLAB THICKMESS
AT EXISTING BEAM DETAILS ON SHEET 10,

ROTE:

BRIDGE SEAT ELEVATIONS ARE SET BASED ON TWEORETICAL CAMBER AND
BEAM OEFLECTIONS. THESE BRIDGE SEATS WILL PROVIDE A THEORETICAL
BEAM HALNCH WTHIN DESICH PARAMETERS. FIELD HAUNCHES ARE
DETERMINED USNG SURVEYED TOP OF BEAM ELEVATIONS.

TOP OF PRECAST SLAB ELEVATIONS
& SOUTH € NORTH
ABUT. SRG. ABUT BRG.
LOCATICN ] 2 3 4 5 3
BEAM LINE A 764.46 764,48 764,46 Tha.48 764,46 T4, 46 B30 QY To. CUTCPANG HOTON
- Hﬂ:“oﬂz - 764.60 764.60 764,60 764,60 764,60 764,50 il B0'-0 € S ABUT. BRG. TO G N.ABUT. BRG. s
TE4,75 T84, 75 64,75 6475 T64.75 T64.75
BEAM UNE © h 5 SPA @ 12=0 = 60°=0 _
SEAM UNE D TE4.60 T64.60 764,50 764,60 764.60 T64.60 _ 4 i
BEAY LINE € 764,45 764,48 764,46 764,48 76446 764486 EDGE OF PRECAST SLAB T ®
Bk . ® ® ® ® ®
BEAM UNE A ——— | — k_||||||||||||||||l..||+
3 ; :
-
BEAM LNE B —_— lTnll;unlluI||l||||||||||l_l
§ APEROACH RWOY, - ' !
| 1
€ BRIDGE CROWN 2| —t — - — LR P i i v L SR
& BEAW LUNE C i
- |
i —E
" SEAMS _
BEAV LINE D —_t r———— e e e
| i
1 _ _
BERMUNEE ——— | b
T
= —-‘Il 5. ABUT. BRG. & M. ABUT. obnll_
EDGE OF PRECAST P.ml_ L m; 5420 STA. 5+80

DESICN FOR A O SKEW
60'-0 X 33'-2 PRECAST UHPC
WAFFLE DECK PAMEL BRIDGE

ONE 60'-0 SPAN LY, 2010
STA. 5+50

TOP OF SLAB ELEVATIONS

|OWA DEPARTMENT OF TRANSPORTATION - HIGHWAY DIMSION

DESIGN TEAM DG * MSF

WAPELLO COUNTY _ PROKECT NUMBER L-§39--73-50

| sieEr nunser

B/472010 &-0223 AW e

W \Highway'\Briége \FinalSections\Finall \FISHERS \Welfle_Siob'\Wolfle_Siab.brg

Figure 40. Diagram. Bridge plans, page 11.
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Figure 41. Diagram. Bridge plans, page 12.
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Figure 42. Diagram. Bridge plans, page 13.
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Figure 43. Diagram. Bridge plans, page 14.

51



77'-0 END TO END OPEN RAL (BID LENGTH) |
7'-0 END SECTION 6Y-0 END TO END OF SLAB OPEM RAIL SECTION =0
CONST, Jee] END SECTION
I-10 CAST N T0P EDGE OF PRECAST PANEL TOP EDGE OF PRECAST PANEL- 3'-10 CAST ™
PLACE SLAS PLACE SLAB
V-g 8.9 & INTERIOR POST SPACES © 8'-0 §-§ = 48'-0 | 5'-9 1-8f
3 s@sl 6.6 386 287 &) te— CONST. JT.
=2-7f | | |[="-E]=r-Y
L & END|POST & CLP SLAB  |[=——§ (NTERIOR POST § INTERICR POST =ite=GAP (I WAK)
pet e e 8-0
E.u FRONT FACE 4B TES & (TYR) e, r-g [ 1'-8 \..
a1 BACK FACE - -8 " " = PosT
| tete 45— N, SPul 4 mes @ N Q.f J kT xe_.mmllAll _..Im i
TN g + I
! i i ] i | = ﬂ I = = SuAren.paL F
B8 _ : I 3 —— — i I 7. =3 “HL <2 (et pos
L...m.. y-o |7l vm) ) g e mes <[ Tl._ E S of ™ |& G I £05E OF POST—"
| | - L o " [
Ec2 EEEE T+ e Yo e ST = z Lt 09 )
LA F2E4PTRS. EACH SN0 OF Ly PROVDE 5 WOLES FORUED WTH 1" PLASTIC
4 o Rl PANEL (T1P.) fESTs V SO GET D 8¢ NaLlora et RAIL CHAMFER
ELEVATION OF OPEN RAIL LAYOUT o e DETAIL
| ] 2 1" 10 3 1} 1'=1
I | I o
ETEEE - Ve HOLES 7
& ] F— B
L &g
e T 4ca— 5 = |
7'-0 END SECTION e £d1—T1 o | | eaz -
= T 7| T L] =
Ll &
ey ® o 0|8t —=II" @ e OFTIONAL JONT 2
? @ @ = A1 < a - 0P OF i : BRIOGE BEVELED KEYwaY | Lf
o= b ol ABUT. @ A =B (TR} 3 o
: i | IREAE S e —
34 _ i = L P : + CONSTR ’ QU e
t =] 1A ; a F) =
" A —Z | 1 e E vlia ﬁr& 5 i A S i
3 e (T} = , 2
1\ AOl0 4 [d A { | - Z
G o = 3| 3 L X
i -
v-o| z-o |r-ra| - L__'w y i . q |4 5= ysec proc o M
T T 1 . "
PART PLAN VIEW Ga.l — 1% — " » 4 e
Vet L E Az alld 1 i a
Wi VIEW A-A SECTION B-f SECTION C-C PART SECTION D-D
i . A
6SPA B 5554 06 -

3, = ¥-7 = 3-8 F74 | ad 21 & Be2 SPACNG

Figure 44. Diagram. Bridge plans, page 15.
52

1'=0
o DESIGN FOR A 0" SKEW
sct _ 3 B Hll 60'-0 X 33'-2 PRECAST UHPC
[ (> Nald .« oo WAFFLE DECK PANEL BRIDGE
W‘m foe _o.m_.m_,.m?»:_n_... g u;ww M JLY, 2010
_ _ o 52 - 2 Bv Grugre el OPEN BARRIER RAIL DETAILS
PART PLAN SECTION END POST DETAILS  (fEcuses ar enos of INTERIOR POST DETAILS 1OWA DEPARTUENT OF TRANSPORTATION - MIGHWAY DIVISION
DESIGN TEAW DG5S * MSF

WAPELLO COUNTY _ PROVECT NUMBER LB-#38--73-90 _ SHEET NUMBER 15
Bya 00 B02I8 MM dektrwa W \Highway'\Bridge'\FinaiSections \Final1 \FISHERS Waffle_Sick'\Waffle_Sicbbrg  UMPC_Waffie_Siob_s014




SL0RT GRS #Hi0M ™ IdHN

99015 IO 925 AIPMASH IS N P\ seaaag v sbpugh fomubin,

M0 W BLZ08 0I0E/v/8

9l wzeAnN L3S |

06-TL-~6TF-7 HIEANN L1IT06

ALNNOD OT3dvm

45A « B00 W3l NDS30

NOESWIG AYMHOIH = NOLYLHOJSNYML 20 ININLEVL3C YMO!

STIVL3d TIvy ¥318dve N30

010z A NYdS 0-09 3NO

390148 13NV ¥I30 ITddvM
2dHN 1Sv23dd 2-.6¢ X 0-.09

MIE 0 ¥ HO4 NOS30

'30¥u9 3
WIUIHOIHL 0L T3Mivivd 38 0L S WWHE N3&0 3Ml 20 0L

'3 SSYID 38 0L S ILIHINGD WH NI TI¥

T3S ONDHOUNIE FHNLIMELSHINS Wl HLW J30M73M1
38 0L S T3S INOEOINGY W N3dD T

‘SNOUVILID3ES LNIHAND ONY SHYId 353HL

HIW JONVOBODIY NI WYH WL LONEISNOD QL QJUN03d 80EYT ONY
ANINANDT WL 40 TV ONV 13315 ONDUOINGY ONIOMIONT TWIILYN
TIV ONIHSINEMS 04 NOWYSNIANOD TN 38 TWHS =10 “ONCIvH
N3G 3LILONOD, ¥4 QI8 Iidd LO0S WINT d3d Ie LIVELNOD
JHL LY B04 O 38 ThM O3TIVASN WH N30 20 133

TWIN 40 HIERTN HL “TvM 0 ON3 OL ON3 MOM4 O3ENSYIN S5VE
1004 TINA ¥ NO 08 38 0L 51 Uvsl N31d0 3L3EINDD ML

NMOHS BO OIL0N FSWEIHL0 553NN 2 36 OL 5| BvE ONDUOJNGH
HY3N OL 313HIN0D 30 3I¥J MOX4 3INYLISIO EVITD WNNINY

‘S3LON Tlivd N340

U3HINGD WHALIMNHLS 40 1503 ML OL TWLINIOON
Q3HI0ENOT 38 TIVHS ONv 30YM 38 TIVHS IN3Ravd TYNGLIDOY ON SOILYDLAD345

Slvy QWL = S04 N3 TWIOL

'SOA NI L8970 @ ¥ MOWDIS ON3

S04 IO NOWJ3S OHYONVLS)

S3ILILNVND INIWIDVId LIHINOD

ny i sty 2y st
wE B
¥ o-1 _.
o e B 9 s
L i frea_| &
= .
= sl
b N FY Y w.|..~.
= m_ ze0_ I-£
o p— DR
=
; = .
€29 ®» 229
P9 St ¥ ¥IY
ez e e 7 ,uﬂ e 2
|
(o = | i
! _.TL g @ 6
Tk =

STIV.L30 ¥va LN38

ML 40 T “d TOTO0PE FOUHY HLW ZINYOEOOOY NI O3NddY 36 TWHS H3T¥35S LJwdn0D  T300E
40 HEONZT TINd SHL QL ATddY TIWHS ONY IVI30 3HL NI NMOHS 36V SLINT H3TY3S 3U3WONOT 3HL

B150d TwH N3dO 3HL 40 5305 TIv MO ONY ‘UrH 40 WOLLOB 3015 30vd Jlddvel &0l
IHL NG N¥H N3G0 JWl OL O3Mddy 3W 05TV TIYWS WITW3S ILIHONDD IHL YIS 3HL HIONN ONY
BYTS 40 3903 "d0L IMlL NO B¥S 300WE 40 5305 WI0B 0L 03Nddv 318 TIVHS HI WIS LIHONDD

STIVY N3dO 404 SLIWIT
d37v3S 3L3HINOD

A 33woN0D
40 SLIAM

SHIONT] O M3NS 6 NO O35VE 35V NAOHS SILUNVAD ONOEOINGY

[T =TT T SuvE 3U ONUOODJ JNw | v
LRl = 3 5150d ONG SJ00H | #ly
£29 = L JivH N3O Sd00H | iy
3 -, 5150d HOW3LNI 5000 | Zlv
oEE = v ¥d N3d0 SUWO0 WIUEh | Zlg
EAIL | i-tv | vE WYE N340 TYNIONLENOT | 198

IWANOZWOH | ZPO

WANOZRHOH | P

Sd00H TYIUEA | 657

So00H TYIUHGN | #3r

TIYOILE | £29

TYOLLEEA | 299

L=y

Twoueas | 129

LHDTIM | HLONTT | 'ON |3V HS|

NOWYDIOT HYE

STIvd N340 OML-T1331S ONIJHOANIZY AX0d3

Figure 45. Diagram. Bridge plans, page 16.
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Figure 47. Diagram. Bridge plans, page 18.
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| H FACE OF ABUTMENT
| D FOOTING

] iy IS

Y e

] ; .

i 4 £

REFER TO "SUBOAMM DETAILS® SHEET

SUBDRAIN
OUTLET

MACADAM STONE
{67 THICKNESS)

4" x B° TREATED
TMBER EDGING

¥-0

ENGNEERING FABRIC ENDS
ARE T0 BE BURIED 8"
TO PREVENT UNDERMIMSNG,—

f

;zn;..:.L MACADAM STONE
(6" THICKNESS)

PIN DR
REBAR

SECTION A-A

SEE DETALS ON
DESIGN SHEETS 19 & 20

VERTICALLY TO § () BELOW Toe
SURFACE OF TREATED TIMBER

4" x 6" TREATED TIMBER
EDGING DETAILS

\I BARRER RAIL
/

ENGNEERING FABRIC =

f—— ABUTMENT FOOTING

MACADAM STONE 1 SLOPE PROTECTION (¥ REQUIRED)

(6% THICKNESS)

izns_z.rl\-

PROFILE VIEW OF WING ARMORING

SUBDRAIN —=0

& [# HOLES FOR §'» x 1°-6 STEEL P
OR REBAR. DRIVE P4 OR REBAR

PROTECTION LAYOUT 0° SKEW
SITUATION PLAN

REFER TO SITUATION PLAN FOR NORTH ARROW.

u.-nmmnunh.nu
SUBDRAIN
(POLYETHYLENE
CORRUGATED
TUBIN

DRILLED HOLES }E P
FoR ::nénzm Y
TOP VIEW FRONT WIEW

REMOVABLE RODENT
GUARD DETAILS

SUBDRAIN NOTES:

THE BRIOGE COMTRACTOR IS TD INSTALL SUSDRANS BEHND THE ABUTMENT. THE
SUBDRAWS SHALL BE 47 IN DIAMETER AND MEET THE REQUIREMENTS OF SECTION
4143018 OF THE CURRENT 1.0.0.T, STANDARD SPECFICATION. THE SUBDRAMN OUTLET
SHALL CONSIST OF A B'-0 LENGTH OF PIPE WTH A REMOVABLE RODENMT GUARD.

THE DIMENSIONS SHOWN FOR THE PROPOSED SUSORANS ARE BASED ON THE PROPOSED
ORADMNG LAYOUT OF BRIDGE BERWMS. THE DWMENSIONS SHOWN ARE FOR ESTIMATING OMLY.
REQUIRED LENGTHS AND GENERAL LOCATIONS OF SUBDRAINS ARE SUBJECT TO CHANGE
DUE TO FIELD ADJUSTUENTS OF THE GRADING LAYOUT.

THE COST OF FURNISHING AMD PLACING SUBDRAIN (INCLUDING EXCAVATION), GRANULAR
BACKFILL, POROUS BACKFILL, AND SUBDRAIN OUTLET IS TO BE iNCLUDED IN THE PRICE
BI0 FOR "STRUCTURAL COMCRETE (BROGE)". MO EXTRA PAYMENT WLL BE MADE.

MACADAM STONE WING ARMORING NOTES:

MACADAM STONE SHALL BE PLACED ALONG THE SIDE OF THE WANG AND ABUTMENT
FOOTING. THIS 1S TYPICAL AT EACH CORNER OF THE GRIOGE UNLESS OTHERWISE
HOTED ® THE PLANS. THE WACADAM STOME AT THESE LOCATIONS SHALL BE
UNDERLAYED WiTH ENGNEERING FABRIC MEETING THE REQUIREMENTS OF 4196.01C,

THE BRIDGE BERM FORESLOPE SHALL BE COMPACTED AND SHAPED AS SHOWN ON
THESE PLANS, THE SITUATION PLAN AND AS DRECTED BY THE ENGNEER, THE BERW
Hﬂﬂﬂm”ﬂ)ﬂm_um:brr BE FIAM WHEN THE ENGINEERING FABRIC AND MACADAM STONE

THE ENGINEERNG FABRIC SHALL MEET TWE REQUIREMENTS OF 4185.01C. IF THE
ENGHEERING FABRIC 15 LAPPED THE LAPS SHALL BE A MINIMUM OF ONE FOOT IN
Mmuﬂn._-__.h_”__w_-.ﬂh FASHION WITH P SLOPE LAP PIECE ON TOP AND STAPLED FOR

THE MACADAM STOME SHALL MEET THE REQUIREMENTS OF 4122.02, COARSE MATERIAL
(NO CHORE STONE |5 ALLOWED).

WOOD PRESERVATIVE TREATMENT FOR THE TIMBER EDGING SHALL MEET THE
REQUIREMENTS FOR GUARDRAL POSTS, SAWED FOUR SIDES, AS SPECIFIED IN 4161,

THE MACADAM STONE SHALL BE DEPOSITED, SPREAD. CONSOUDATED AND SHAPED BY
MECHANICAL OR HAND METHODS THAT WILL PROVIDE UNFORM DEPTH AND DENSITY AND
PROVIDE UNIFORM SURFACE APPEARANCE,

PAYMENT FOR THE BRIDGE WING ARUOMING SMALL BE INCIDENTAL TO THE Bi0 ITEM
“STRUCTURAL CONCRETE (BRIDGE)" AND SHALL INCLUDE COSTS OF ALL MATERIAL
AND LASOR TO CONSTRUCT THE WING ARMORING AS SHOWN ON THESE PLANS

6" CORRUGATED METAL PIPE OUTLET, OR 47
CORAUGATED DOUBLE-WALLED PE OR PVC PWPE
QUTLET WiTH AN APPROPRIATE COUPLER. IF METAL
PIPE IS USED, TME PIPES SmOULD BE COUPLED N
OME OF THE TWO FOLLOWING WAYS,

1. USE AN WSIDE AIT REDUCER COUPLER
{ COUPLER MUST BE INSERTED A MINMUM

OF 1'-0 BTO CuP,

2. INSERT 1'=0 OF TWE 4" SUBORAIN INTD

THE 670 METAL OUTLET PIPE, THEN FULLY
SEAL THE ENTIRE OPEMING WTH GROUT.

TYPICAL SECTION
OF SUBDRAIN OUTLET

OUTLET DETAILS

REMOVABLE RODENT
GUARD. SEE
MATERIALS 1M, 4430t

NOTE:

SEE ABUTMENT BACKFILL DETALS SHEET 20
FOR DETAILS NOT SHOWN ON THIS SHEET
WHICH ARE PERTINENT TO THIS STRUCTURE.

DESIGN FOR A 0F SKEW
60'-0 X 35'-2 PRECAST UHPC
WAFFLE DECK PANEL BRIDGE

ALy, 2010

WING ARMORING DETAILS

SLOPE PROTECTION
{ IF REQUIRED )

IOWA DEPARTMENT OF TRANSPORTATION - HIGHWAY DIVISION

DESIGN TEAM DGB » MSF

WAPELLD COUNTY _ PROJECT NUMBEIR L-§39-73-90

[ szt nouaer 19

BT 80232 AW dhierng W \Highwoy'\Bridge'\Finol Sections \Finol1 \ISHERS\ Waffle_Siob'\ Waflle _Siob.tiry

UHPC_Wallle_Siob_s018

Figure 48. Diagram. Bridge plans, page 19.
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Figure 49. Diagram. Bridge plans, page 20.
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Pollution Prevention Plan E

L

All contractars/ sutr crtractors shall conduct thelr operation In & manner that minbmises erasion ard prevents sediments from leving the

".!s-i ightaf-way. The prime contracior shall be respors ble for compliance and (mplemertation of the Pollution Prevention Pan (PFF)
ther shal be work I

defined in th PP,

SITE CESCRPTION
This Palution Frevertion Plan (PPP) & for the Bridge Replxement on Deftlonega Roed.

This PPP covers mppruimately 2.0 acres wih s estimated 1.1 acres being dishubed. The partion of the PP covered by this
contracthas 2.0 sores disturbed,

The PPP Is located in an srea of 2 soll associelions: Lindiey-Keswick-Weller, hy-Haig. Th oefficiert of the
project ske after completion wil be 76

Refer to the gl [ ] for locations of dtchgrades, and majer A
capy of B plan wil be on e stthe projectengnesr's dfice Runoff from this wil flow Inko Litk Cedar Credk, Cadar Creek, Skunk
River nd M islppl River

POTENT 1AL SOLRCES OF FOLLUTION:

Site sources of pallition gererated as a result of this work relate to sits and sediment which may be Transported as a resut of 2
storm event However, this for cther () cpemtions, These other operbions have storm
wates runcé, thereguiaton of which & beyord the contrl of this PRP. ¥ varous

o site-sprific lad uses. Exampes are:

Rurd Agriutursl Actvites:
Runalf from agricutural lnd use can patmtisll contsh chemical induding hericdes, pesticides, hungicHes ard fartiers.

Commercld and Industriad Actives:

Runaff f i, inclustrial ¥ msocbied with the speafic operation. Sich

operatons sresuiect B potentia kaks and splll which cauld be comeningied with rundf from the faclilty. Polutiris assodated
ith not readlly avalable sirce ey ars bpcally propretery.

CONTROLS

Ab locatiors where runoll can move offsite, sit fences shal be daced slong the perimeter of the amas to be disturbed péor ta
begnning grading. biing Vegemtion h areas not needed for construction shal be
pressrved. As areas reach thelr fnal gmde, additional sit fences, =it besins, intemepéing dtches, sod flumes, |etdowns, bridge end
drine, and earth dkes shall be installed a3 speclied in the plrd andjor 8 required by the project engineer. This wil include using
sit ferce @ dich checs and o protect Intakes, Tempomry stabiliting seeding shall be completed & the dbtubed wess are

acthty Is 0 ocou In & d: aven for atlesst 31 days, the ara shal be stablined by
tmmperry seeding or mulching with In 14 days. Mo mom than 750,000 square feet of exposed ercdible area b allowed In ary oae
nhﬁ.nﬂt of g Cthe: ‘shall be used cutside the sexding time pedod.

This wark shal be done In accondance: with Section 302 of the Standand Specfication. 1f the work ivadved is not appicable o any
contract [tems, the work shallbe pald fer scronding to Article 1109.03 peragraph B.

Asthe work progresses, be requied the engineer after field

These may be kams such & ots, ard cther measures to be Installed by e pving
or ercsion = ¥ The erotien eontrel cortmetor wil complte the corstruction with the
OTHER CONTROLS

Contractor disposal of unused e tes shall comply with applcable staie and ool
weaste dispesal, Enkary sewer, of seplic system regulations. In theevent of a confiEt with cther gvernmentsl laws, Aules and
reguiations, the more resyrictive bws, i o regulstions shal apply.

APPROVED STATE OR LOCAL PLANS
Durlrg the course of this combuction, it b pomible that stustibrs will ar ke Whan
theyy will be: handed i fedaral saie, and beal egubtors i efectat e time,

MANTENANCE

The conlractor |s required to maintain & lempomry erston cort=l messured In proper working order, inchading clearing, repairing,

”aﬂ«_tn.“.!!» thmughaut the contract period, Ceaning of st contml devices shall begin when the festums have lost 50% of
capacty.

INSPECTIONS

Irepections shal be made Jingy by the contracior snd the contracting authorby every seven cslmdar diys ard after each rmin svert
thatls ¥o” or o, The contecior shall mmediniely begin cormective action on el deficiencies found  The findngs of this
Inepecticn shal be recorded In the project disry. This FPP may be revised based on the findings of the inspection. The confracioe
shal implement dl revisins. All comectve actions shall te camplete wth in 3 calerdar days of the Inspection,

NON-STORM DISCHARGES
This includes subsurface drains (Le. d and bridge erd crains. Thevebdty of the
dicharge freem these features may te contmled by the use of patio blecks, Cless A stone o emsion stone.

TYPICAL APPROACH SECTION
B.0.P. 0+00 TO E.O.P. 10+00

—r-

- P Tl
L'. = | = |
T

f..n L]

EMBANKMENT SECTIONAL DETAIL

HYDRAULIC DATA

DRAINAGE AREA = 6.4 SO. ML

DESIGM DISCHARGE = 1,804 CFS,

DESIGH HGH WATER = 760.4

BRIDGE WATERWAY AREA = 352 50. FT.

DESIGM VELOCTY = 2,77 FP.5,

025 = 1,541 C.F.S STAGE ELEv. 757.85

050 = 1,894 CF.S STAGE ELEV. 758.30 (DESIGN)
0100 = 2,276 CF.5 STAGE ELEV. 758.71

ONE 60’0 SPAN
STA. 5+50

DESIGN FOR A O° SKEW

60'-0 X 33'-2 PRECAST UHPC
WAFFLE DECK PANEL BRIDGE

ALY, 2010

POLLUTION PREVENTION PLAN & DETAILS

IOWA DEPARTMENT OF TRANSPORTATION — MIGHWAY DIWSION

countr waseo |

L= §39--71-50

_ SHEET NUMBER 31

Figure 50. Diagram. Bridge plans, page 21.
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Figure 51. Diagram. Bridge plans, page 22.
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