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Oregon Department of Transportation

SECTION 1: DESIGN AND DETAILING PRACTICES

Note: Revisions for October, 2009 are marked with yellow highlight. Deleted text is not necessarily marked,
however past editions of the BDDM are posted for comparison.

11 STRUCTURE DESIGN & DETAILING

1.1.1 Purpose of the Bridge Design and Drafting Manual

The purpose of this Bridge Design and Drafting Manual (BDDM) is to provide guidance for those who
prepare bridge plans and specifications for ODOT. It supplements and in some cases modifies the
AASHTO LRFD Bridge Design Specifications. It also contains standardized details and design methods that
have been developed from years of successful bridge building in the state of Oregon. Consistent use of
these details and methods will result in long-lasting and economical bridges for Oregon.

Since the bridge design field is an art that is constantly changing, it is understood that designers will
occasionally want to use innovative details or methods that may differ substantially from those contained in
this manual. Designers having experience in other states may also want to introduce details and methods
which have worked well in those states.

Submit a request for a design deviation to the State Bridge Engineer before replacing an established
detail or method from this manual with a new or unusual detail or method. This may include design
methods and/or details established in other states, design methods and/or details presented in research
reports, or innovative design methods and/or details developed by designers. This requirement is not
intended to inhibit innovation or the ability of the designer to exercise good engineering judgment. On the
contrary, it is intended to allow good innovative ideas to be used and to potentially become part of this
manual.

Design Deviation — The request should include an explanation of the issues, a brief description of the
project, a justification for the deviation, and any supporting documents. The request may be
submitted by e-mail. A deviation request form is available on the ODOT Bridge Engineering web site
which may be used but is not mandatory. Send deviation requests to:

Bruce Johnson, State Bridge Engineer bruce.v.johnson@odot.state.or.us , and
Kevin Davidson, Bridge Standards and Practices Engineer kevin.f.davidson@odot.state.or.us

The request will be distributed and evaluated by the BDDM technical specialists, and a response will be
returned by e-mail as soon as possible.

Technical Bulletins — From time to time, technical issues arise between scheduled BDDM updates which
require urgent distribution of guidance to the design community. These are handled by Technical Bulletins.
Check the ODOT Bridge Engineering web page for status of Technical Bulletins.
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1.1.11 Standard Specifications and Standard Drawing Manuals

e For design of vehicular, pedestrian, and bicycle bridges: LRFD Bridge Design
Specifications (4th Edition 2007) published by the American Association of State
Highway and Transportation Officials (AASHTO) with 2009 Interim Revisions.

e For design of bridges carrying railway traffic: pertinent sections of the Manual for
Railway Engineering of the American Railway Engineering and Maintenance-of-Way
Association (AREMA) (formerly AREA) as modified by the individual requirements of
each railroad company.

e For all construction except bridges carrying railways: Oregon Standard Specifications
for Construction, published by ODOT and pertinent special provisions.

e Oregon Standard Drawings, published by Oregon Department of Transportation,
Standards Engineer.

11.12 Use of Oregon Standard Drawing Details

The standard drawings prepared by ODOT have been developed through a long history of collaboration with
Oregon contractors and fabricators. Oregon standard drawings should be used without significant change.
Where a significant change to a standard drawing is needed, submit a design deviation request to the State
Bridge Engineer.

Where an equivalent ODOT standard drawing or detail exists, do not use standard drawings or details from
another state or agency without approval of a design deviation from the State Bridge Engineer.

1.1.1.3 Bridge Security Design Considerations — moved to 1.1.2.9.11
1.1.2 Fundamental Decisions for Bridge Designs
1121 Review of Project Geometry

Review the project geometry with the Roadway Designer to verify that you have the latest alignment,
roadway cross sections, and grades. Some questions to consider:

o Do grades, superelevations, etc., provide enough vertical clearances for the type of
structure anticipated?

e |s the choice of bridge width and horizontal and vertical alignment consistent with traffic
volume and type of highway.

e Structures are more susceptible to roadway surface icing and superelevation rates in

excess of 0.08 ft/ft are considered hazardous under those conditions. Use greater rates
only if special study has determined that the greater rate is desirable.
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1.1.2.2 Bridge Length
(1) General - Determine the bridge length by referring to the following as applicable:

e Section 1.1.8.1, “Determining Bridge Length”.

Bridge Standard Drawing BR115, “Standard Slope Paving”.

Project requirements for wildlife passage that may add structure length.

Following Subsections (2) through (5).

(2) Waterway Openings and Hydraulic Requirements for Stream Crossings - Refer to the Hydraulics Report
for design recommendations. If it is not available yet, consult with the Hydraulic Designer for preliminary
guidance and any field data.

With respect to design floods and analysis, the standard design flood for bridges on Interstate Highways is
50-year and for other highways is 50-year or 25-year depending on their traffic volume. Designated FEMA
floodway projects are designed for 100-year floods, and if any structures, walls, or fills encroach on a
floodway area, you will need to contact the Hydraulics Unit for comments and requirements.

The Hydraulics Report may recommend a waterway opening capacity of less than a 50/25-year design flood
for a local agency bridge. The Hydraulics Unit will have contacted the agency for future plans to raise the
road and, if the road will be raised, determined that the hydraulic design is satisfactory and the overtopping
flood is less than a 25-year flood.

The waterway opening under a bridge must be capable of passing the design flood with clearance to design
high water according to the following:

e Width of waterway opening is measured normal to stream flow. The waterway area is
the normal channel area below the design flood high water elevation. Minor channel
cleanup and modification is acceptable, but major lowering of the streambed under the
bridge to increase the opening is not only ineffective but unacceptable.

e The Hydraulics Report will recommend the minimum bottom-of-beam elevation.
Normally, a minimum bottom-of-beam clearance of 1 foot is provided above

o The design flood elevation. The exception would be for county and city bridges whose
approaches are overtopped more frequently than once every 10 years. The minimum
bottom-of-beam elevation provided for these situations is 1 foot above the 10-year
design flood elevation. Large amounts of drift or ice flows may require more clearance.

If practical, 1 foot of clearance above the 100-year elevation is provided.

e Under rare circumstances such as a park setting or where other controls on grade lines
make it necessary, high water above beam bottoms or over the deck may be allowed.

e Ordinarily, the design flood should not overtop the adjacent roadway. When the
roadway over topping flood is less than the design flood, the overtopping flood
becomes the design flood.

If there are no future plans to raise a roadway to eliminate overtopping, a combination of bridge waterway
opening and overtopping at the low points of adjacent roadway may be an acceptable alternate to
accommodating the entire stream flow under the bridge. For Interstate Highways, the minimum overtopping
frequency is 50 years.
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1.1.2.2 Bridge Length - (continued)

(2) Waterway Openings and Hydraulic Requirements for Stream Crossings - (continued)

Roadway overtopping at lesser recurrence intervals than the 50/25 years is acceptable and allowable in
certain circumstances such as:

e Other roads in the area are overtopped.

o Traffic counts are low.

e Alternate routes are available.

e Road is useable when overtopped (shallow overtopping).

e The required bridge would be excessively long or high and a review is made of the
effect of backwater and overflow on adjacent properties and facilities.

(3) Scour Evaluation — moved to 1.1.3.4

(4) Width and Cross Section of Lower Roadway - For horizontal clearances, see Section 1.4.8.1. Choose
your back-slopes as follows:

e Use 2:1 end fill slopes for all bridges unless the Foundation designer recommends
otherwise.

¢ 1.5:1 end fill slopes are common for county roads and less-traveled highways. Review
the ODOT Highway Design Manual Figure 4-1, “Standard Sections for Highways Other
Than Freeways”, but do not use a slope steeper than 2:1 unless a steeper slope is
recommended in the Foundation Report.

(5) Stock Paths at Stream Crossings - Normally, provisions for stock to cross the roadway should be located
away from the bridge crossing to prevent pollution of the stream. However, if a stock path running under the
bridge parallel to the stream is required, additional bridge length will be needed to accommodate:

o Sufficient horizontal space and vertical clearance to construct a benched section for a
path above ordinary high water.

o A fence to keep stock out of the stream.

Stock passes are also discussed in the ODOT Highway Design Manual.

(6) Clearances and Cross Sections for Railroad Crossings - See Section 1.4.8.2.
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1.1.2.3 Structure Layout: Spans and Proportions

(1) Column Locations - Column locations, which of course affect span lengths, are subject to clearance
requirements of Section 1.4.8.1, AASHTO standard clearances, or by hydraulic considerations. After these
conditions are met, spans lengths may also be governed by environmental issues, economics and
aesthetics. Consider alternate structure types to best fit the needs of the site.

If columns are located in the median of a divided highway and within the clear zone as determined by the
Roadway Designer, they must be protected from traffic by a guardrail or concrete barrier. See Section 1.6
for column loading criteria for vehicular impact, depending on type and location of barrier used (ODOT
Instructions for AASHTO LRFD 3.6.5).

Check with the Roadway Designer about which barrier will be used. It will affect the bridge’s appearance
and may influence the type of column selected.

Earth Mounds are no longer an acceptable method of column protection. At this time, however, existing
earth mounds do not need to be removed.

When locating columns and span configurations, consider the effects of columns in waterways. Consider
the possibility for scour or difficulty in inspecting a column that is in the highest flow area of a river. Avoid
placing the column directly in the middle of the river.

(2) Structure Depth - Structure depth, also referred to as superstructure depth, is generally controlled by
span length and clearance limitations. Although a minimum depth structure may be aesthetically appealing,
it may not be the optimal solution for the site.

For steel superstructures, use the minimum depth recommended in AASHTO LRFD
Table 2.5.2.6.3-1 for estimating purposes. For concrete superstructures, use the minimum depths
given below:

Reinforced Concrete Superstructures:

Balanced 3-span cast-in-place slabs with main d=.542 + S/48
reinforcement parallel to traffic

T-Beams d= S/19
Box Girders, constant depth d= S/21
Box Girders, with haunch=1.5d t0 1.75D d= S/25

d = depth of constant depth members or depth at midspan of haunched member.

S = length ¢ -c of bents or longest span of a continuous bridge.

Depths shown for slabs and T-beams are for constant-depth sections. Depth may be reduced 15
percent for beams with continuous parabolic haunches or with straight haunches equal to 1/4 the span

where the total depth at the haunch is 1.5d.

Increase depths for simple span bridges by 10 percent.
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1.1.2.3 Structure Layout: Spans and Proportions - (continued)

(2) Structure Depth — (continued)

Post Tensioned Box Girders:

Use the following minimum depths in place of those recommended by AASHTO LRFD Table 2.5.2.6.3-
1:

simple span d = S/26
continuous, uniform depth d=8/29
cont with min. haunch = 1.5d d=S/35

Precast Prestressed Concrete Superstructures:

Slabs and Boxes d=S/33
Bulb-I and Bulb-T girders d=8/23

Depths shown for Bulb-l and Bulb-T girders may be reduced up to 15% for haunched girders made
continuous. If so, provide either continuous parabolic haunches or straight haunches equal to 74 the
span with a total depth at the haunch at least 1.5d.

Where minimum depth requirements, given above, are satisfied, the optional live load deflection
criteria in AASHTO LRFD Section 2.5.2.6.2 will not be required. When minimum depth requirements
are not satisfied, verify the live load deflection does not exceed the limits recommended in AASHTO
LRFD Section 2.5.2.6.2.

When both minimum depth and live load deflection requirements are not satisfied, submit a request for
a design deviation to the State Bridge Engineer. As justification for the request, document girder and
deck service stress levels, live load deflection, and provide evidence of similar structures already in
service with satisfactory performance.

(3) Girder Spacing - Girder spacing is normally dependent on girder capacity. As span length increases,
girder spacing should decrease. Limit deck overhangs to no more than one-half the girder spacing. Long
deck overhangs, even if the deck is post-tensioned transversely, tend to sag over time.
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1.1.2.4 Structure Types and Economics

(1) General - Structure type is generally the most important factor influencing bridge costs. (Substructure
considerations are typically second, although there can be exceptions.) Each project site is unique and
should be evaluated for conditions that alter the usual cost expectations. For the following discussion,
structure type generally means classification of superstructure spans by construction material and method of
construction.

As can be determined from the Bridge Section’s annual Structure Cost Data books, structure types in order
of increasing costs are as follows:

Structure Type Span Range
Precast concrete slabs up to 83 feet
Precast concrete box beams up to 120 feet
Cast-in-place concrete slabs up to 50-66-50 feet
Precast integral deck concrete girder up to 130 feet
Precast concrete girder, BT72 up to 140 feet
Precast concrete girder, BT84 up to 160 feet
Precast concrete girder, BT90 & BT96 up to 183 feet **
Cast-in-place box girder *
Cast-in-place post-tensioned box girder *

Steel girder *
Steel truss *

*Normally used for longer, multi-span continuous bridges.
** Length for BT90 & 96 is limited by prestressing bed capacity for Oregon precasters.

When using precast or prefabricated girders, verify that there is an acceptable route for shipping. As
girder lengths increase, shipping becomes more difficult on roadways with sharp curves, high
superelevation and/or load-restricted bridges.

Timber bridges up to 30’ of length may be considered for special situations. (See Section 1.3.1, ‘Timber
Bridge Locations”.) The cost of a timber bridge may be more than a concrete bridge of the same length.

Do not use cast-in-place concrete slabs with any span greater than 66 ft. Cast-in-place concrete slab
superstructures have significant dead load deflections. Even if actual deflections match estimated
deflections, it will likely take 10 to 15 years for creep deflection to diminish. For longer span lengths, the
ride quality would be unacceptable while waiting for the creep deflection to happen.

Do not use voids in cast-in-place concrete slab superstructures. Although such designs are effective at
reducing the structure weight and dead load deflections, it is very difficult to secure the voids in the field.
The potential for failure is unacceptably high.

When cast-in-place slabs are used, ensure the edge beam requirements given in sections 4.6.2.1.4,
5.14.4.1 and 9.7.1.4 in the LRFD Bridge Design Specifications are met.

Where a design deviation is approved by the State Bridge Engineer for use of voids in a cast-in-place
concrete slab superstructure, apply the edge beam requirements listed above to this type of structure.

Use HPC concrete in cast-in-place concrete slab superstructures. Place concrete full-depth of the slab

(i.e., no horizontal construction joints). For cast-in-place slab superstructures having any span greater
than 40 ft, apply a deck sealer product (from the QPL) at least 60 days after placement of the slab.
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1.1.2.4 Structure Types and Economics - (continued)
(2) Precast Concrete Versus Cast-in-Place Concrete - Formwork is the key to concrete structure costs.

Use of standard forms or repeated use of specially built forms means lower costs. For smaller bridges in
remote areas, precast or shop-fabricated elements usually lead to the most economical solution.

Precast concrete slabs have the following pluses:

¢ Good for shorter stream crossings, low-volume roads, and remote locations.
¢ No falsework required in roadway or stream.
¢ Fast, simple installation, saving construction time.

o Shallow depth providing greater clearance to stream or roadway surfaces below.
However, they have problems with:

e Providing smooth riding surfaces. (AC wearing surface is required to level up except
for low-volume roads.)

e Accommodating horizontal curves, gradelines, or superelevations. (Thickness of AC
wearing surface to accommodate superelevation can become excessive.)

Precast concrete box beams, girders, and integral bulb-T beams have most of the same good and bad
points that the precast slabs do. They can accommodate longer spans, but they do have deeper depths
resulting in less clearance to stream or roadway surfaces below.

In general, cast-in-place concrete spans are a good choice:

e Forlonger spans.
e For accommodating horizontal curves, gradelines, or superelevations.

However, three drawbacks are:

o Falsework is required.
e Falsework in the roadway below a grade crossing creates traffic hazards.
o Settlement of falsework before post-tensioning begins is a potential problem.

(3) Continuous Steel Span Bridges - Steel construction extends the span length range and usually does not
require falsework in the roadway or stream.

(4) Bridge Widening - Generally, the same type of construction that matches the existing bridge should be
used for the widened portion.

(5) Design Criteria for Major or Unusual Bridges — Some elements of design criteria for major and
unusual bridges may not be appropriate for normal bridges and may be dependant on the location and
expected service level. For those bridges the design criteria will be established specifically for each
structure in a collaborative effort between ODOT Bridge Section and the applicable Tech Center. Early
coordination is required to allow time to establish the design criteria. For this purpose unusual bridges
are those that the Tech Center determines to have: (1) difficult or unique foundation problems, (2) new or
complex designs with unique operational or design features, (3) bridges with exceptionally long spans, or
(4) bridges being designed with procedures that depart from currently recognized acceptable practices.
Examples of unusual bridges include cable-stayed, suspension, arch, segmental concrete, movable, or
long span truss bridges.
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1.1.2.4 Structure Types and Economics - (continued)

Other examples are bridge types that deviate from ODOT or AASHTO bridge design standards, or
AASHTO guide specifications for highway bridges; and bridges requiring dynamic analysis for seismic
design; bridges using a three-dimensional computer analysis; bridges with spans exceeding 152 m (500
feet); and bridges with major supporting elements of “ultra” high strength concrete or steel. New or major
rehabilitation of tunnels also require special design standards. ODOT Bridge Section will assist in the
review of major or unusual projects at the request of the Tech Center, or Local Agency. Early
coordination is requested.

(6) Maintenance and Provisions for Inspection of Bridges —
1. Formal constructability and maintainability reviews by the designer, checker and reviewer are
required for most bridges to determine the practicality and feasibility of erection/construction of
the structure as assumed in the design as well as adequacy for future maintenance.

2. An inspection and maintenance guide for the future operation of each major or unusual bridge is
required along with the development of design and construction plans.

3. Consideration should be given in the design for the possibility of future bearing replacement.
Replacement of bearings implies the use of jacks to lift the superstructure off the permanent
bearings. The position of these jacks, and allowable jack loads should be indicated on the
drawings. The distribution reinforcement to accommodate the jack loads should be provided in
the top of the piers and the soffit of the superstructure. Further, the transverse analysis of the
superstructure should consider the relocation of reactions when the jacks are engaged to replace
the permanent bearings.

1.1.25 Substructure Choices

(1) Type of Foundation and Scour Protection - Read the Foundation Report for information and
recommendations about type of foundation required, or talk to the Foundation Designer if the Foundation
Report is not yet available. For stream crossings, recommendations for scour and riprap protection are
contained in the Hydraulics Report.

Chapter 2, “Designing Bridges to Resist Scour” of FHWA’s Evaluating Scour at Bridges (HEC-18) is a
helpful reference available from the Hydraulics Designer or from the FHWA web page.

(2) Abutments and Bents — Section 1.1.8 has useful information to guide preliminary bent and wingwall
layout.

1.1.2.6 Bridge Rail

Turn to Section 1.1.21 for discussion about design and selection of bridge rails. If you are working with a
grade separation, a criterion for using protective screening is in Section 1.4.4.5.
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1.1.2.7 Bridge End Panels and Supports

Provide reinforced concrete bridge end panels for Interstate and State highway bridges. Counties, cities, or
other agencies can choose whether or not to include them in their projects.

When end panels are required, show the general outline of them on the bridge plans with reference to the
panel details shown on Bridge Standard Drawings or detail plans.

In regards to end panel supports:

e Detail ledges or other methods of support for all bridges (including those of other
agencies), even through end panels are not called for when the bridge is built.

e Provide bridges that have sidewalks with a method of supporting approaching
sidewalks at the bridge ends (present or future) if no end panel extends into the walk
area.

The required width of the end panel depends on the following considerations:

o If the approach rail is a flex-beam rail, the end panel width is inside face to inside face
of the flex-beam rails at the end of the bridge. If the rail posts are attached to the side
of the panel, the end panel width is the distance between inside faces of the rail posts.

o Where the approach rail is a concrete barrier, the barrier will generally be supported by
the end panel and the end panel width is equal to the out-to-out dimension of the
barriers at the end of the bridge. Add 1 foot each side to the end panel width where the
barriers are precast.

e Supporting barriers on wingwalls (rail cast with wingwall) is not recommended because
water leaks into the subgrade along the wall.

Use a nominal end panel length of 30 feet if any of the following conditions exist:

* On interstate highways and all other state highways with 20-year projected ADTT >
1000.

* When end bents are skewed > 30 degrees.
*  When abutment depth is > 20 ft (from bottom of footing or cap to top of deck).

*  When end fills have an anticipated post-construction settlement > 1 inch.

When none of the above conditions are satisfied, use a nominal end panel length of 20 feet.

Note: ADTT = ADT x %trucks. The 20-year ADT volume should be in the project prospectus. The %
trucks can be determined by locating the nearest Permanent Automatic Traffic Recorder (ATR) station.
This information is kept by the Transportation Data Section under the Transportation Development
Division and can be found at the following website:

http://egov.oregon.gov/ODOT/TD/TDATA/tsm/tvt.shtml
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1.1.2.7 Bridge End Panels and Supports - (continued)

From this website, go to “Permanent Automatic Traffic Recorder Stations (ATR’s) Trend Summaries” and
select the latest year.

If a prospectus is not available, if the 20-year ADT is not shown and/or if an appropriate ATR cannot be
found, contact the Project Leader or Contract Administrator.

Asphalt concrete wearing surface (ACWS) should normally be used on the end panel when the approach is
asphalt concrete. If the end panel settles, compensating overlays can be easily feathered onto the existing
ACWS. Concrete strength in end panels should be called out in the General Notes.

End panels may be deleted under certain unique conditions. A geotechnical and structural evaluation is
required for considering the deletion of end panels and approval of a deviation from standard ODOT BDDM
practice is required. The final decision on whether or not to delete end panels shall be made by the ODOT
HQ Bridge Section Engineer with consideration to the geotechnical and structural evaluation.

1.1.2.8 Slope Paving/Railroad Slope Protection

Generally, where a roadway passes under a bridge, provide slope paving on the bridge end fill according to
Bridge Standard Drawing BR115. Also, consider slope paving where a bridge crosses over a sidewalk or
park.

For a highway bridge crossing over a railroad, rock slope protection may be required on the end fill slope
under the bridge.

1.1.2.9 Other Things to Keep in Mind
In this section: 2.9.1 Structure Appearance and Aesthetics
2.9.2 Traffic Handling and Data
2.9.3 Bikeways

2.9.4 Protection of Recreational/Cultural Resources
2.9.5 Right-of-Way

2.9.6 Utilities

.2.9.7 Use of Salvage Materials
2.9.8 Railroad Considerations
2.9.9 Bridge ID Paddles
.1.2.9.10 Permits

2
2

1.1.2.9.1 Structure Appearance and Aesthetics

Keep in mind the structure appearance with respect to its surroundings and the context of the site.
Generally for bridges, appearance is best when elements are few and simple.

Aesthetics and environmental considerations may have apparent conflicts. Historic or environmental
issues may impact the bridge rail type, structure configuration, type of foundation or bent placement.
Start the permit application and coordination process for historic structures as early as possible in the
design stage. Aesthetics concerns, especially within an existing documented site context, are valid
issues that can and should impact resource agencies permitting considerations.
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1.1.2.9.1 Structure Appearance and Aesthetics - (continued)

Bridge elements are pleasing when the structural intent is clear with respect to the size and shape of the
element. Elements forced into a non-structurally responsive shape for decoration are not considered
pleasing aesthetically and may be a significant distraction and a safety hazard. Decorations on bridges
that are not part of the structural support system may not be maintained to the same level as the
structural portions of the bridge unless a separate IGA is executed with a local agency for maintenance.

ODOT has no general directive or mandate on aesthetics or aesthetic design. This section is a guideline
to generally accepted practice.

There is a misconception that improving appearance always costs more. This is not necessarily true.
The challenge to the engineer is to use creativity and ingenuity to improve the appearance without
increasing cost. When people think that improved appearance is going to add costs, they are generally
thinking in terms of add-ons, special ornamental features or special colors. The greatest aesthetic impact
can be made by the structural elements themselves. These are seen first, and at the greatest distance.
The bridge can be made attractive if these major elements are well shaped, and if they fit in well with the
surroundings.

The following topics are commonly known to assist in producing visually pleasing structures. They are
discussed in more detail in the following sub-sections.

Location and surroundings
Horizontal and Vertical Geometry
Superstructure Type and Shape
Bent Shape and Placement

End bent Shape and Placement
Parapet and Railing Details
Colors

Textures

Ornamentation

VVVVVVYVYYVY

LOCATION AND SURROUNDINGS

When determining the appearance of a bridge, the bridge must be considered in context with its
surroundings. Decisions need to be made regarding what color, shape and type of bridge will look best at
a given location. The surrounding area may be industrial, urban, or rural. A bridge that looks pleasing in
a rural setting may look totally out of place in an urban area.

Individual bridges that span a major land area or body of water, because of their large size, dramatic
location, and carrying capacity, will tend to dominate their surroundings. While these structures must
harmonize with the surroundings, their importance and size requires that the aesthetic qualities of the
structure stand on their own. Multiple bridges seen in succession create a cumulative aesthetic impact
on the landscape that must be considered. In these situations, there is more reason for uniformity, and
there should be no noticeable differences between structures, without an obvious reason. A specific
theme for a particular route, such as a parkway, is often appropriate.

Routine bridges, such as highway overpasses and stream crossings, should be simple, with minimal
changes, and with all of the elements in clear relationship with one another. Since many of these bridges
are viewed in elevation by those traveling on a roadway below, the structure type, span lengths, and
proportions, as viewed in elevation, should be carefully considered.

Bridges that are infrequently viewed, such as those on lightly traveled roadways, are rarely seen by
anyone. In these cases, attention to the elements that can be seen from the roadway surface such as
parapets, railings, transitions, and road surface, are important.
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1.1.2.9.1 Structure Appearance and Aesthetics - (continued)
HORIZONTAL AND VERTICAL GEOMETRY

Geometric design standards often dictate the orientation of a bridge. The emphasis is on the need for
safe, convenient driving and providing a more attractive highway system. Bridges must adapt to the
highway alignment. Thus, they often lie within the curvature of the road and follow the slopes or
curvature in elevation. Large curvature is not only desirable from a safety standpoint, but also for
aesthetics.

With skewed structures, when it is necessary to orient the substructure parallel to the feature crossed, a
wide bridge presents a greater visual impact. The use of natural surfaces that blend in with the
surrounding environment may lessen the visual impact. Bents and end bents in waterways that lie
parallel to the river’s banks look better than those placed perpendicular to the crossing road.

If an alignment requires a curved bridge, then the external longitudinal lines, traffic barriers, and fascia
lines of the structure should follow the curved centerline to provide a smooth visual flow. A smooth
transition helps the structure fit in with the local topography. Parallel lines should be maintained by
matching barrier, sidewalk, curb and fascia depth across the structure.

SUPERSTRUCTURE TYPE AND SHAPE

The appearance of a bridge is greatly influenced by different aspects of the superstructure. These
include the superstructure type, depth, overhang width, number of spans, and span lengths. One way to
make the structure light and slender, without making it appear weak and unsafe, is to use a favorable
visible slenderness ratio (the ratio of span length to the visible structure depth, including the decking and
any concrete traffic barrier or steel railing). The typical visible slenderness ratio will vary from
approximately 10 to 40 depending on the type of superstructure chosen.

A girder depth that is too shallow gives the appearance that the bridge is not structurally safe. A girder
that is too deep makes the bridge look bulky and overpowering. Bridges with a well-proportioned
slenderness ratio denote strength without excessive materials.

An additional guideline that enhances the appearance of multiple spans is to avoid changing girder
depths from one span to another. This would give a very awkward appearance and would not allow the
structure to flow evenly across the bridge. From an aesthetic standpoint, deck overhang should be
proportional to the girder depth; a desirable overhang would be about 2/3 the girder depth. Vertical
stiffeners make steel girders seem heavier, and should be avoided on the fascia side of fascia girders.
Haunched girders can make a bridge look more slender, and help demonstrate the flow of forces in the
bridge. Fishbelly girders create a heavy look, and could tend to look awkward. Some structure types are
more visually elegant than others, such as trapezoidal box girders and concrete segmental bridges. An
arch bridge is one of the most natural bridge types, and generally considered one of the most pleasing.
Both thru and deck arches can be considered.

BENT SHAPE AND PLACEMENT

The visual impression that a person gets from a bent is primarily influenced by the proportions, the
relative width and height, and the configuration of the bent cap with respect to the bent columns. Bent
proportion, in turn, is determined by the bridge geometry and superstructure type and shape. Bents can
broadly be classified as either short or tall. Short bents are typically more difficult to design with aesthetic
proportions. Care should be taken in proportioning a bent to make sure that horizontal lines of the
superstructure are not interrupted. Large bents may direct attention away from the superstructure. Bents
that are too slender may convey a feeling of instability.
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1.1.2.9.1 Structure Appearance and Aesthetics - (continued)

However, there are aesthetic issues that are common to all bent types involving the shape of the columns
and the bent caps. The selection of the proper bent type can be dictated by the site, bridge geometry and
design considerations.

The shape and location of the columns affect the appearance of the bents. The light reflecting from the
surface often controls how the viewer perceives it. A square or rectangular column with beveled corners
will appear more slender due to the edge lines and varying shades of reflected light. The designer needs
to assure that the treatments used are in harmony with the rest of the structure. Bent caps, cantilevered
ends, and column spacing can be designed to make the bent appear more graceful. For hammerhead
bents, the stem width and height, and the cantilever length and depth should be carefully balanced, and
in pleasing proportion. Solid bents can be battered to improve their appearance. The batter should be
determined by the bent height and the relative dimensions at the top and bottom of the bent. Gradual
lines are important. While tall bents are less common than short bents, they allow a greater opportunity
for aesthetic treatment.

END BENT SHAPE AND PLACEMENT

For most simple span bridges and some multi-span bridges, the end bents are the most visible elements.
While the end bent’'s function is to support the superstructure and transfer loads to the ground, it is
important to maintain proper proportion in order to create a good appearance.

Good proportions between various elements of the bridge give character to the bridge. For the end bents
it is important to consider the relationships between the exposed end bent height and length, the size and
type of wingwalls, and the superstructure depth. An attempt should be made to achieve a balance
between these elements.

The designer must maintain order between the lines and edges of the structure. Too many lines, or lines
that are close to but not parallel to each other, can disrupt the eye and diminish the appearance of the
bridge. The monotony of a large flat wingwall can be broken up using textures such as scoring,
recessing, or grooving. Surface textures, either by using or simulating natural stone around the area of
the bridge, can be used to integrate the structure with its surroundings.

The orientation of the end bents to the feature crossed will create different visual appearances. End
bents on severe skews can have very long stems and wingwalls. Consideration should be given to the
aesthetic impact of those concrete surfaces. Wingwalls are often very predominating features. The
orientation of the wingwalls allows for more or less visual impact. On divided roadways, the view
presented from the opposite direction of travel should be considered.

PARAPET AND RAILING DETAILS

The railings or barriers, along with the deck fascia and fascia girders, are sometimes the most dominant
visual aspect of the bridge. The railings are viewed by people traveling under the structure who see them
in elevation and by people in vehicles on the bridge traveling parallel to them. When vehicle speeds are
high, the railing or barrier should have simple and pronounced details because passengers cannot notice
fine details. The shape of the railing or barrier system should relate to its function and the overall
aesthetic design of the bridge.

The design and appearance of any fencing to be placed on the bridge should be consistent with the
railing or barrier system. The vertical supports of the screening should align with the railing post spacing.
Fencing on concrete barriers should be detailed to match the construction joints and the ends of the
barriers.
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1.1.2.9.1 Structure Appearance and Aesthetics - (continued)
COLORS

When there is a reason to color the concrete, steel, or railings, a decision should be made whether the
color should complement or contrast with the surrounding environment. Strong consideration should be
made to the fact that colored concrete or steel will require a high level of maintenance. The designer
should also consider the appearance if regular maintenance is not performed (e.g., peeling paint, rust
spots, etc.).

Coloring agents are not allowed in concrete because of complicated quality control, difficulty in matching
colors in each batch, and the high cost of materials. It is nearly impossible to get an identical color of
concrete from one pour to the next, or over a period of time between placements. Staining concrete can
create a mottled appearance when appropriate to match natural stone, and can be effective if a trial
section is used to qualify the process. External coatings are allowed, and when applied correctly can
achieve the desired appearance. However, they have durability limitations, and must be used with
caution due to concern regarding the owner’s ability to maintain_the coating.

TEXTURES

Texturing concrete can be achieved through form liners, panels, stone or brick veneer, or acid washing.
Any texturing should fit in within the overall design and proportions of the structure.

Several types of commercial form liners are available. Natural stone or brick facades can also be used.
Stone is most often used for parkway bridges and those in rural settings. The cost of stone covering can
be quite high; and should therefore be limited to areas of high visibility and established contextual
settings. When a concrete cap is used on the top of a wingwall or retaining wall, it should be visually
proportioned to the wall itself.

ORNAMENTATION

Ornamentation can be added to a bridge in special circumstances. The additional cost of add-ons is
rarely justified except in cases of importance to the community (such as a gateway to a city) or of
historical significance. Details such as ornamental light posts, columns or pylons, real or simulated
gatehouses, commemorative plaques or reliefs may be added. The designer should consider these
details carefully since it is just as easy to detract from the overall appearance of the bridge, as it is to
improve it.

Such details are secondary to the primary purpose of the structure, which is to provide a safe and
efficient crossing to the public. Ornamental and non-structural details require additional coordination,
sketches and drawings to ensure that the details will add to the aesthetic characteristics of the structure
in a way acceptable to all concerned.

Local stakeholders sometimes request ornamental screening and features on overpass structures to
showcase local attractions as a gateway to their community. Ornamental protective screening should not
be a distraction to drivers, and must not cause sight distance or clearance problems. Treatments must
not reflect a commercial interest. See section 1.4.4.5 for additional screening requirements.
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1.1.2.9.2 Traffic Handling and Data
Consider the various methods of handling traffic:

e |s the method proposed by the field the most reasonable way to build a project?
¢ Are there alternate and possibly more satisfactory solutions?

There are four basic methods of handling traffic when replacing a bridge:

o Close the highway while removing and rebuilding the bridge.

e Use the existing roadway and bridge while constructing a parallel bridge on new
alignment.

e Construct a temporary detour around existing bridge and replace the bridge on the
existing alignment.

e Use stage construction with one or more existing or new lanes carrying traffic while
other portions of the existing bridge are being removed and rebuilt.

Often the last method is recommended over the second and third methods without proper investigation.
Stage construction may:

e Cause a high number of complaints from the traveling public.

e Mean greater danger for ODOT and contractor personnel as well as to the public.
e Result in construction difficulties and longer construction time.

e Adversely affect the quality of the finished product.

Another traffic handling consideration that should not be overlooked is accommodating pedestrians
(including the disabled) and bicycles passing through the work site, especially in urban areas.

1.1.2.9.3 Bikeways

Oregon law requires that reasonable amounts of highway funds be spent for bicycle and pedestrian facilities.
That means: consider bikeway staging needs wherever highways, roads, or streets are being constructed,
reconstructed, or relocated.

“Bikeway” is a general term meaning any road or paths open to bicycle travel regardless of whether it is
designated for bicycles or to be shared with pedestrians or automobiles. Specific types of bikeways are:

o Bikes lanes or bike paths.
e Shared roadways.

e Shoulder bikeways.

o Sidewalk bikeways.

To work with bikeways, you are going to need:

¢ Oregon Bicycle Plan.
e AASHTO Guide for the Development of Bicycle Facilities.
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1.1.29.4 Protection of Recreational/Cultural Resources
Be alert to the effects of construction on:

¢ Recreational activities, areas, or facilities.

e Cultural resources such as fossils, artifacts, burial grounds, or historical bridges and
dwellings.

Refer to Section 00290, “Environmental Protection”, specifically Section 00290.50, “Protection of Cultural
Resources”, in the Standard Specifications for Construction.

Although normally researched and proposed by ODOT’s Environmental Section, protection or consideration
of these activities or resources can be initially overlooked. Permit requirements from agencies like the U.S.
Army Corps of Engineers or Oregon Department of Fish and Wildlife deal with historical, cultural, and
recreational concerns too. Here are some examples of challenges from the past:

e Protection of summertime river rafters passing under a contractor’s work bridge.

e Removal of large amounts of river debris hung up on cofferdams and endangering a
collegiate racing crew practicing downstream.

e Saving of old or rare trees near a city bridge construction site in deference to
neighborhood sentiment.

1.1.29.5 Right-of-Way
This provision is only applicable to new structures and the widening of an existing structure.

Proposed and existing right-of-way limits and any construction easements should be included with the
vicinity map information. Ask yourself: Can my structure and the contractor’'s operations (work bridge,
shoring, falsework, future inspection and maintenance staging areas, the potential need for a detour
structure, etc.) be accommodated within these limits, as well as safely ingressing and egressing to and
from the highway system by agency personnel?

In order to assure the bridge inspectors and bridge maintenance personnel have a safe place to park
vehicles and stage maintenance operations, behind the approach guardrail, the bridge design engineer is
highly encouraged to provide the desired space by following the “Establishment of Variable-Size recovery
Areas” and “Widen Post-to-Hinge Point Dimension” guidelines as provided in Section 5.8 of the ODOT
Highway Design Manual (“www.oregon.gov/ODOT/HWY/ENGSERVICES/”). The option that provides the
most space is the preferred option. If the structure is located over another roadway, additional
parking/staging space should also be considered behind the undercrossing route railing. In order to
provide a safe ingress and egress from the highway system, the bridge designer is encouraged to locate
these areas behind the trailing end guardrail.

For questions about right-of-way data, contact the project's Roadway Designer, who is in touch with the
Right-of-Way Description Group and Right-of-Way Services personnel in the Regions. Both the Location
Narrative and the Right-of-Way Estimate Report included in the location survey data package discuss right-
of-way provisions and concerns.

For the structure project that does not involve roadwork, verify that steps to acquire necessary right-of-way
have been initiated.
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Anticipate any need for additional right-of-way as early as possible because of the long lead-time required
for purchasing right-of-way.

1.1.29.6  Utilities
As an early design task, determine if there are:
¢ Requirements for carrying existing and future utilities on bridges.

e Requirements for accommodating utilities in the vicinity of box culverts, sound walls, or
retaining walls, especially mechanically stabilized earth (MSE) walls.

If you are providing for existing or future utilities on a bridge, read Section 1.4.7, “Utilities on Structures”.
1.1.2.9.7 Use of Salvage Materials

New materials are required for new and replacement bridges, and for added portions of widened bridges.
ODOT Bridge Engineering Section does not prefer the use of used bridge items. Incorporation of used
materials requires a BDDM Deviation approved by Bridge Section. The following are issues to be
considered and included in a Deviation Request.

1. Locate and include in the project records for the new bridge all original material certifications and
documentation of materials properties.

2. Document the condition of the used materials

3. Locate and include a copy of applicable portions of the original calc book in the project records for
the new bridge. The copied portions may be scanned and transmitted electronically to the design
engineer. Hard copies should be made and included in the calculation book for the new bridge.

4. Prepare a new calc book for the new bridge.

5. Document agreement from FHWA (on Federal projects) with a Public Interest Finding processed
through Roadway Section.

6. Designate on the new plans the portions of the new bridge that are built with salvaged materials.
1.1.2.9.8 Railroad Considerations

When scoping bridge repair work above or adjacent to Union Pacific Railroad right-of-way, consider the
following items that may be required:

A plan review by UPRR’s engineering folks in Omaha. Expect a thirty working day turnaround.
Crash wall addition. This would add approximately $250,000 for each wall.

Drainage review.

Protective fencing

UPRR will want reimbursement for their involvement in the preliminary review work.

agrON=
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1.1.2.9 Other Things to Keep in Mind - (continued)

UPRR standards require crash walls if a pier, foundation or abutment is within 25 feet of an existing or future
track centerline. Protective fencing is required on all bridges. ODOT maintains its own drainage. UPRR
acknowledges existing construction and maintenance agreements, and will consider this for each review.
Minor repair work will not warrant the safety upgrades to the bridge. The ODOT Railroad Liaison should be
consulted early in the process for any structure work that could trigger these requirements.

1.1.2.9.9 Bridge ID Paddles

Statements:

The bridge identification paddles are to be installed at the bridge site by the contactor as a part of the
construction project. The bridge ID paddle placement location will need to be noted on the bridge rail
contract plans and incorporated into the special provisions.

Mount the Bridge ID Paddle on a roadway delineation post and attach it to one of the posts as shown in
“Alternate 2 on Standard Drawing TM570, in the bridge rail transition section. Place the ID paddle at both
ends of the bridge, facing on-coming traffic. If the structure is located over another route, place an
additional bridge identification paddle on the face of the bridge bent, immediately adjacent to and on both
sides of the under-crossing roadway, facing on-coming traffic.

Each ID Paddle will be configured in accordance with example and contain the following information. Do
not show the dimensions of the paddle in the contract plans or the special provisions in that it is controlled
by the ODOT Sign Shop:

Telephone number of the appropriate agency Dispatch Center

US or OR Route Number

State Highway Number

Milepoint Number

Bridge Number

Name of the Structure

ODOT

503 283 5859

RTE 219
HWY 140
MP  9.59
BR 04966A

McFEE CR

\:/

Figure 1.1.2.9.9A

The bridge identification paddles can be ordered from the ODOT Sign Shop:
ODOT Sign Shop Supervisor
455 Airport Road, SE,
Salem, Oregon 97301
Ph. (503) 986-2835
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1.1.2.9.10 PERMITS

1.1.2.9.10.1 Permit Applications - If your bridge is over water or a railroad track, you will
probably be involved in the permit application process. Even if no permit is required for a waterway
crossing, restrictions or comments from the permitting agency may have to be shown on the contract
drawings or stated in the special provisions. Always review Part 2 (Appendix Figures A1.1.2.9.10C & D) of
the Project Prospectus for early indications of possible permit requirements. And then there is the rare
situation of an interstate river crossing into Washington or Idaho. If ODOT is the contracting agency, we
may need to apply for permits required by the other state.

1.1.2.9.10.2 Three Major Permits - Basically, the Structural Designer is directly involved with
supplying information for three types of permit applications:

e U.S. Corps of Engineer/Oregon Division of State Lands (DSL) joint permit application
(federal/state waters) submitted by the Permit Liaison of the Roadway Engineering
Section.

e U.S. Coast Guard permit application (navigable waters) also submitted by the Permit
Liaison.

¢ Rail Crossing Order (formerly PUC permit) for railroad crossings processed by the Ralil
Safety Unit of the Transportation Development Branch.

There is a special permit, which does not fit into one of the major permit categories. Before using in-water
blasting (for example: keying footings into streambed rock or removing an existing bridge pier), the
contractor must have a permit from the Oregon Department of Fish and Wildlife. The contractor will have to
submit a Blasting Plan before attaining this permit. Be sure the project special provisions spell out:

e That such a permit is required.
e That adequate lead-time is required to process the application.
e Where contractors can get application information.

Much of the information supplied for permit applications by the Bridge Section is in the form of drawings with
specific data shown. TS&L plan-and-elevation drawings and vicinity maps are normally used as a basis for
special permit drawings, but they should be stripped of any information not needed to obtain the permit.
Keep in mind: the people reviewing the applications are probably not structural designers. They do not have
time to sift through many drawing details and dimensions not relevant to the permit approval.

For Federal-aid projects, permits should be in hand 6 to 7 weeks before the bid opening. Usually, FHWA will
not usually approve a PS&E submittal without all required permits issued. For other classes of projects, the
absolute deadline is the advertisement date or three to four weeks before the letting date.

The need to supply the required permit information as soon and as accurately as possible cannot be
overemphasized. Some applications take 6 or more months to get approval. Drawings and any draft
special provisions required for Corps of Engineer/DSL permit applications are asked to be submitted to the
Permit Liaison, Roadway Engineering Section, 21 to 24 weeks in advance of the project advertisement date.
An application returned for missing data can be a scheduling disaster! (See also the third paragraph of
Section 2.3.2.1, “Structure Appearance and Aesthetics”, for another benefit of early-bird involvement.)

So, if you are involved with one of the major permits just described, you can find a Bridge Section’s Bridge
Permits Manual in your Team library.
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1.1.2.9.10.3 Other Permits - You should be aware of several other types of permits that may be
required for structure projects, even though you may not be directly responsible for furnishing application

information:

From ODOT Highway Design Manual Section 10.9 :

ftp://ftp.odot.state.or.us/techserv/roadway/web drawings/HDM/Rev_E 2003Chp10.pdf

o Permits issued by canal, diking, and irrigation districts. These are the responsibility of
the Region Location Engineer or designated representative of the Region Engineer.
The Region Utility Specialist handles canal crossings in coordination with the Railroad
and Utility Unit in Salem.

¢ Floodplain permits issued by cities and counties. Region personnel also secure these
permits. (See Chapter 1, ODOT Hydraulics Manual for background on floodplains.)

e Utility permits. Issued to utility companies by the Permits Unit of Operations Support
Services. The permits allow the installation, relocation, and removal of utilities within
the State right-of-way.

¢ National Pollutant Discharge Elimination System (NPDES) permit. ODOT is required to
have an erosion control plan for projects with five or more acres disturbed by
construction activity. The project Roadway Designer develops the plan with input from
several other ODOT sources including the Hydraulics Units.
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1.1.2.9 Other Things to Keep in Mind - (continued)
1.1.2.9.11 Bridge Security Design Considerations

Potential bridge security threats include, but are not limited to: “carried and placed” bombs, vehicle
bombs, intentional vehicle or ship collisions, intentional fires, and other intentional and unintentional
threatening activities. This section tells when and how to consider potential bridge security threats during
the design of:

¢ New bridges.

o Bridge widening.

e Bridge rehabilitation projects.

Deter, Deny, Detect, Defend

Countermeasures can help protect bridges against potential security threats. The four countermeasures
to protect structures are to deter, deny, detect, and defend.
Deter: Prevent an aggressor from attacking the bridge by making the security presence known
such as police, or other authorized personnel.
Deny: Prevent an aggressor from entering an unauthorized zone by a physical barrier such as
security fencing, secure hatches and locked doors.
Detect: Observe unauthorized personnel in a restricted area by means such as cameras, and
sensors.
Defend: Hardening measures to protect a component from attack.

Process

First, assess the probable bridge specific security risks

0 Remote,
o Possible,
o High, or
0 Critical

Remote — implementation of security measures probably not warranted. These are structures located on
remote, low volume ADT structures.

Possible — consider implementing measures associated with Deterring and/or Denying Access like
limiting Public access to any bridge should be limited to the traveled way. Ideas to consider include, but
are not limited to:

e Locate box girder access openings away from abutments so the soffit requires a ladder
or other mechanical means to gain access

Provide shielded locking mechanisms on all access openings.

Place secure screens at soffit vents near abutments.

Prevent access to girder flanges and maintenance walkways at abutments.

Post warning signs on the bridge approaches and below the structure.

Deny access to critical structural components.

Prevent vandalism, Graffiti Artists, or Homeless Condos

These structures are located on the non-freeway State Highway System.
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High — consider implementing measures associated with Deterring, Denying, Detecting, or Defend the
structure. In addition to the items listed under the “Possible Security Risk”, include the following:

o Establish guidelines for standoff distance
¢ Eliminate access to small confined spaces.

These structures are located on the Interstate Highway System.

Critical Structures — These are those structures that have been determined to be the most vulnerable
structures in the State of Oregon.

Some bridges, due to their complex and unique nature, will require project-specific countermeasures
along with those countermeasures that apply to all bridges. These are bridges considered “critical” to the
transportation network. The most critical bridges will also require site-specific operational security plans.
The ODOT Emergency Preparedness Committee identified critical bridges and their potential
vulnerabilities. To find out more, contact the Statewide Emergency Operations Manager in the ODOT
Office of Maintenance and Operations.

The need for security countermeasures should be considered during the project scoping phase, to ensure
that added costs are included in the project budget. Countermeasures and security plans should be
defined and included no later than the Type, Size and Location submittal. The Project Design Team
should consult with the ODOT Bridge Operations Engineer for security guidance and to maintain
consistency statewide.

If the ODOT Bridge Operations Engineer decides a critical bridge needs specific mitigation measures,
consider these strategies first:

o Locate piers and towers so vehicular access is prevented

¢ Design redundancy with critical elements.

e Place barriers to provide standoff distance when critical structural elements cannot be located
away from vehicular traffic. If this cannot be achieved, the critical structural member or
mechanical system should be analyzed and hardened against the design threat.

o Install locks, caging and fencing to deny access to key points of vulnerable structural and
mechanical systems.

¢ Install motion detectors or security cameras and plan for communications to security response
entities to minimize “time-on-target.”

Next, when cost-effective, consider selective protection of the structural integrity of key members
against collapse. Ways to do this include strengthening key substructure members, adding
redundancy, and use of blast hardening.

Again, project-specific countermeasures should only be considered for those structures which ODOT
management decides need specific attention during the design phase.
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1.1.2.9.12 ODOT Accelerated Bridge Construction (ABC) Guidelines
Introduction

Oregon has employed ABC methods to quickly deliver several bridge projects throughout the State. From
the compiled list of 15 projects that had used ABC bridges to date, two-third of them was completed in the
past five years. Depending on the types and locations of the bridges, several different techniques were
used. Some of those bridges were assembled or erected on temporary falsework located adjacent to an
existing structure using prefabricated elements and systems and skidded into place. This method allowed
the contractors to close the facilities to vehicular traffic for a relatively short time (like over a few days or
weekend) and skidded the bridge over after quickly demolishing the existing bridge at night and working
throughout weekends. Other bridges over navigable waterways were replaced using barges to float new
and whole superstructures into place, also known as switch-out with the old structure if one existed. For
wider structures that can accommodate staged construction, precast concrete or concrete filled, steel grid
deck panels were installed during partial closure of the roadway during off peak travel times.

A few of the Oregon ABC projects were designed with rapid construction in mind to limit traffic interruptions,
but most were selected either based on VE proposals by contractors, incentive/disincentive provisions, or
design-build contracts. Generally the project schedules specified a relatively short period window for closing
or disrupting traffic operations on the facilities. The incentive/disincentive provision for each project was
normally based on user delay costs as a function of ADT, detour length and other variables. Those projects
have demonstrated ABC as effective and efficient solution to alleviate congestion and/or long detours where
conventional methods such as off-site detour, on-site detour, stage construction or slight realignment of the
roadway were difficult or not feasible. They resulted in improved public safety through the shortened work
zone exposure and supported mobility.

ODOT encourages and supports ABC Projects

ABC methods can be defined as using prefabricated bridge elements, combining elements into systems, or
moving a complete bridge span to quickly deliver a project and re-open the highway to traffic. Use of any of
these methods are encouraged and supported by ODOT whenever it is efficient and cost effective. A
compiled list of past Oregon projects that described the ABC featured elements is provided here at the end
of the Section for reference.

Prefabricated elements consisting of deck panels, beams or girders, bent caps, pier columns and segments
have been demonstrated successfully. Systems may consist of bridge components assembled and
connected together to form a major portion or complete bridge span. Bridge movements such as
incremental launching, skidding, and/or transport by self propelled modular transporters (SPMT) of a
partial/complete superstructure span are also found to be acceptable methods of construction. The
guidance provided here below will help designers and owners decide when and where ABC is appropriate
as a method of project delivery. Although the Engineer on Record is responsible for the design as well as for
developing a unique method of construction/movement to fulfill the ABC requirements, the owner needs to
be assured that the quality and durability of the bridge is not being compromised by the specific rapid
construction technique being considered.

Contracting Methods Allowed

A contract for specifying ABC method of delivery is allowed and will continued to be allowed under the
current design-bid-build specifications. A contractor may propose an alternate method of construction for
approval by the EOR/owner as part of the Cost Reduction Proposal provisions in Section 00140.70 of the
Oregon Standard Specifications for Construction. The third option allowing ABC is provided under the
design-build contract provisions. More discussions and guidance are provided elsewhere and will not be
elaborated here.
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Decision Making Framework

ODOT Accelerated Bridge Construction (ABC) Guidelines - (continued)

A successful ABC project is dependent on deciding correctly at the beginning of a project planning to assess
when and where ABC would be most efficient and effective. The following criteria in the flowchart, Figure
1.1.2.9(10)A, for specifying a short window of closure may make ABC delivery the method of choice:

Start

ODOT Flowchart for Determining the Applicability of ABC
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1.1.2.9.12 ODOT Accelerated Bridge Construction (ABC) Guidelines - (continued)

A following matrix format presents more discussions between selecting an ABC versus a conventional
project for the various attributes:

ATTRIBUTES Accelerated BC (ABC) Conventional BC (CBC)

1. Complexity -Engineer less familiar with design -Engineer more familiar with design
required for accelerated bridge required for conventional
construction techniques construction techniques; therefore,
-May require more surveys to establish considered less complex.
control points - Contractors more familiar with
-May require pick points for prefabricated methods used in conventional
bridges construction, therefore considered
-May require more complex construction less complex
techniques -Standard specs exists

-May need new specs

-May add risk to Contractor
-May require special equipment
-Good with D/B and A+B with
incentive/disincentive

2. Schedule -Facility to reopen for traffic in hours or - Typical field construction season in
over weekends months or years
-Slightly longer design schedule due to -Typical design schedule
complexity (see above) -Often bridge work is controlling in
-Need more overall planning and CPM
coordination -Sequential activities typical and
-Parallel construction off CPM limitations may exist

-Typically can be done off-line and shorter | -Public delay cost may be high
field erection season, pending ABC
method chosen.

-Approach or utility work may control
schedule if not outside CPM

-Good with incentive/disincentive
-Constructible connection details for
precast elements such as bent caps,
footings & pile heads require flexibility for
field closure pours.

-May require coordinated demolition plan
for change-over structures

-May require tight control of scheduling on
critical items

-The contract plan or designed details
should be simple or the precast element
detail may not fit.

-May require industry participation in
PBES/ABC to ensure successful transition
to field application.

-Include contractor on design or
constructability review team.
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ATTRIBUTES cont.

Accelerated BC (ABC) cont.

Conventional BC (CBC) cont.

3. Budget

-May be more expensive in construction
cost due to non-typical construction on
methods

-May increase design cost

-Limited historical bid item data

-ABC can significantly reduce the costs to
highway users associated with traffic
queues and detours during the bridge
installation.

-The contract bid cost for an ABC project
may be more than a conventional bridge
project but overall may be much less
when the savings due to reduced traffic
impacts and delays are factored in.

-Typical estimate given condition
and conventional required structure
type.

-Typical standard project costs.
-Incentives and disincentives may
be included to accelerate
construction and reduce traffic
impacts but they may not be
effective and could adversely impact
project costs.

-Careful analysis is needed to
effectively apply
incentive/disincentive methods to
accelerate bridge projects.

4. Design Quality

Design quality could be just as good as
that of conventional

-Limited design criteria for some elements
-Construction loads may control design
and need check

-Require to show full connection details

Design quality is expected to be
good from standard and best
practice.

5. Construction
Quality

-Individual prefabricated elements are of
higher quality under shop-controlled
environment.

-Construction quality could suffer in the
field assembly due to time pressure.

-Construction quality depends on
the contractor and inspection staff.

6. Disciplines
required

-May requires more upfront coordination
between technical and non-technical
disciplines and public relations.

Standard project design and
construction teams

7. Experience

-ABC experience is desirable especially

-Standard project design

needed regarding knowledge of ABC construction | experience.
methods, new technologies and - Standard bridge construction
implementation of new design and details. | experience.
-Additional research effort and resources
may be required.
-May require specialty construction
experience.
8.Public -May require more early and upfront - Typical

Communications

communication with the public for
temp/short road closures

-May need to develop a communication
plan with stakeholders

9. Demolition of
existing structure

-Require full demolition plan

-May need to provide staging place near
site for off-line demolition

-Coordination for change-over structures
-May not require temporary structure to be
in place for long duration

-Typical construction with either
road closure or requires staging
-Require full design of temporary
structures for longer duration in
place
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ATTRIBUTES cont. | Accelerated BC (ABC) cont. Conventional BC (CBC) cont.

10. Quality Control | -ABC elements should be verifiable during | Typical

construction
-May require constructability review

11. Owner Staff Some additional effort may be expected of | Standard

the owner staff in design or review of non-
conventional details/procedures. Also
may require more staff in a much more
condensed timeframe.

Steel Structures

Steel structures are excellent examples of prefabricated bridge elements and systems. They are proven
to be cost effective and sustainable for ABC methods. The steel girders are prefabricated and primed
coated as needed in the shop and shipped to the job site. A short closure of the affected highway facility
may be required to erect them. Several complete arches and trusses have been erected successfully on
barges and floated into place.

Bridges built with plate girders (straight or curved) can accommodate precast concrete panels or steel
grid deck systems for rapid construction. Some connection details can be found at
www.fhwa.dot.gov/bridge/prefab/

Concrete Structures
Prestressed and Precast Concrete (PPC) versus Cast-In-Place (CIP)

PPC bridge elements can be mass produced in PCl-certified plant under factory-controlled conditions to
ensure high quality and consistency, thus making them more reliable and durable. The products can also
be transported to the jobsite for just in time delivery to meet erection schedules, thus avoiding re-handling
or the need for storage space that might be difficult to provide in urban areas. Traffic impact at the
project site can be minimized and erection can normally be done during off peak hours.

In Oregon, construction cost for PPC girders has been lower than for CIP girders. Unless there is a
compelling reason like curvature, aesthetics, and longer span requirements, PPC girders are preferred.
There is an economy of scale for larger projects requiring repetition of similar spans. For elements other
than girders, there is an opportunity to develop effective standard elements for connecting them into
bridge systems. In the erection of PPC elements, proven connection details are critical for long term
performance. ODOT will be looking at collecting and refining these details in the near future. The FHWA
has developed a manual on proven connection details routinely used by others and the publication will be
available in the near future. See www.fhwa.dot.gov/bridge/prefab/

Full Depth Deck Panels, End Panels or Approaches and Wingwalls

Full depth deck panels have been in practice and continue to be widely used by many states. Connection
details for both steel and concrete girder exist. The NCHRP 12-65 study is looking at a new deck system
with connection details using conventional reinforced or prestressed technology. More details will be
available in the near future.
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ODOT has existing standards for end panels/approaches and wingwalls that can be readily converted
into ABC.

Precast End Panels
= Consider issues regarding subgrade compaction and the contractors’ ability to construct the
surface of the subgrade to a smooth level condition prior to placement.
= Consider the ability of precast panels to accommodate differential settlement (especially if
subgrade is not level)
= Consider the design of the connection detail to pile cap/abutment wall and any joint construction.

Seismic Related

Assembling prefabricated bridge elements on site, one method of ABC requires a very detailed assembly
plan and connection details. Whereas for single span bridges this is not very complicated, designing and
detailing of connections for multi-span bridges has to be treated with the same importance as designing
the rest of the structure.

Submit new connection proposals for approval to ODOT Bridge HQ. This requirement is intended to
ensure information about good connection details are subsequently distributed to other design groups.
From the owner’s perspective, Oregon DOT has been proactive on researching and participating on
several studies and tests of several types of connections. The main focus of this research has been
toward the superstructure-to-substructure connections such as pile-to-pile cap connection, bent cap-to-
column connection, beam-to-bent cap connection, precast deck-to-girder connection, etc. For low-to-
moderate seismic hazard a few good connections applicable for single span bridges and multi-span
bridges have been identified. For areas with high seismic hazard, the research and study of connection
details for ABC applications is an ongoing process. The NCHRP 12-74 research project “Development of
Precast Bent Cap Systems for Seismic Regions” identifies a number of bent cap-to-column details that
hold promise for seismic applications. ODOT is willing to implement a few of these details only for bridges
in low-to-moderate seismic regions (Seismic Design Category “A”, “B”, and “C”):

a) Grouted Duct — Grouted duct connections consist of bent caps which have corrugated ducts
to accept reinforcement extending from supporting substructure elements.
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Joint reinforcement—"

Precast Cap Beam 7ﬁ7 Grouted sleeve coupler,
\ column reinforement
LSﬁrrups outside N I8
joint region N I I
%MHHW 1IN
T2 S [@Be”fcwﬂndw/umn
HITINNR ST 1
/ 1 \
/ |
i AN
Welded hoops or 5/37’0/5J A Bent cap longitudinal
L reinforcement
PLAN
Cap beam /@ Bent cap and column
bundled ‘ Use headed or bulbed bar or std.
Z reinforcement ! hook for development, if required
Joint re/'nforcemenr\ B D B R —
Welded hoops or sp/'m/s/ | |_——FPrecast Cap Beam
e e e i s \Benf cap face reinforcement

Grout bedding /ayerJ Grouted sleeve coupler,

column reinforement

~

Concrete co/umn/

[ Column longitudinal reinforcement
(extend into coupler)

SECTION A - A

GROUTED SLEEVE COUPLER CONNECTION
TO ACHIEVE FULL DUCTILITY

Figure 1.1.2.9.12B

b) Grouted Sleeve Coupler (Coupler in Cap) — Proprietary grouted sleeve couplers are used to
connect reinforcing bars in precast concrete components. These couplers are placed in the
bottom-half of the precast bent cap and are designed to withstand forces at overstrength as
is often required in plastic regions.
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Joint reinforcement—"
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Figure 1.1.2.9.12C

Other research related to seismic connection details under NCHRP Projects are being proposed and
considered and more guidance would become available in the near future.

Use of SPMT

A new heavy equipment technology brought back from and promoted by the FHWA/AASHTO Scanning
Team known as Self-Propelled Modular Transporters (SPMT) is becoming popular. The SPMT can
support and move heavy load with its flat bed mounted on multi-axle, independent suspension and
steering wheel lines. They have the ability to maneuver in difficult and uneven terrain with unmatched
precision and distortion control of its payload.
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Several projects have demonstrated successfully the use of SPMT for moving complete superstructure
spans that were prefabricated at a staging area (e.g. gore area or off the shoulders) near the final bridge
location and off the travel lanes. The bridge movement was generally done on weekends or night time
using the SPMT to erect the structure into their final position within a matter of hours. FHWA has
published a user guide manual and it is recommended as a resource document for anyone contemplating
to do an ABC project using the SPMT. The guide is available to the public free of charge at
http://www.fhwa.dot.gov/bridge/pubs/07022/

Geotechnical Consideration

The foundation designer should consult closely with the bridge designer and the project team regarding
the use of ABC methods at a particular bridge site and coordinate these efforts as necessary during the
bridge design process.

Usually driven piling is the most rapidly constructed foundation type but piles are not always suitable at
every location for meeting specific bridge design requirements. The most suitable foundation type for a
bridge replacement or widening project depends on several factors including the subsurface materials
and conditions, construction or environmental constraints and cost. Refer to the ODOT GDM; Chapter 8
for additional guidance regarding the selection of foundation types. Once the most suitable foundation
type is selected for a site, thought should be given to how the foundation construction can be expedited.
This should include how to minimize traffic impacts due to foundation construction. At some locations the
foundations (and substructure elements) may be constructed under, or away from, the existing bridge
thereby avoiding, or minimizing, any traffic impacts. If this scenario is possible, then the time required for
foundation construction may be less significant because it does not directly affect traffic. At sites where
foundation construction will directly impact traffic and multiple foundation types are possible,
consideration should be given to the foundation system that can be constructed in the least amount of
time and with the least impact to traffic. Some general guidance regarding the use of various foundation
systems in ABC applications are described below.

Spread Footings

= Conventional Spread Footings
0 Requires excavation to suitable foundation materials which may result in the need for
large excavation areas and/or temporary shoring and possibly dewatering.
0 Requires setting rebar, a concrete pour and curing time (and form work, if needed).
= Precast Reinforced Concrete Spread Footings
This type of ABC foundation system is currently under development and design and construction
standards and specifications do not currently exist. This type of foundation may be considered at
sites where conventional spread footings would be appropriate, however, precast spread footings
(PSF) are currently recommended only for shorter, single span bridges at this time. Issues to
consider in the application of precast spread footings would include:
0 Need for construction of a concrete footing leveling slab beneath the precast footing
(excavation/shoring, sloping bearing strata, presence of groundwater, etc.),
Design of the connection between PSF and leveling slab,
Design of the connection between the PSF and columns or abutment walls,
Constructability issues when placing PSF directly on compacted soils,
LRFD resistance factors for bearing and sliding resistance based on construction
method, and settlement analysis.

O 0O0O0
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Driven Piles

= Often the quickest foundation construction method and can generally have the least impact and
disruption to traffic.
= Consider using fewer, higher capacity, piles per bent to expedite construction, however:

o0 Using higher capacity piles may result in significantly higher foundation costs due to the
need for larger pile driving hammers, leads and cranes and possible effects on the cost
of work bridges due to these higher loads.

0 Using less than 5 piles per bent may result in a reduced LRFD resistance factor due to
less redundancy

0 May be most appropriate for sites with relatively short end bearing piles.

= Requires assessment of pile top alignment tolerances for precast pile cap connection,

0 Standard specifications (Section 00520.41(f)) allow for a horizontal alignment tolerance
of 6 inches from the plan location. If a smaller tolerance is required then this reduced
tolerance must be specified in the special provisions. Consult with the project
geotechnical engineer regarding allowable horizontal tolerances for driven piles.

0 Should piles be installed in prebored holes to meet the specified tolerances? However,
keep in mind the final pile alignment is only as good as the prebore hole alignment. In
soils where large cobbles and/or boulders are present, or where preboring will encounter
a bedrock unit with a sloping surface, prebored holes should not be augered but instead
excavated using core drilling equipment. Augers tend to wander uncontrollably in these
materials and borehole alignment is very difficult to maintain.

o0 Consider the time and cost of preborings.

0 Consider the risk of not preboring (possibly include preboring as an anticipated item)

= Minimize the potential for in-lead splices, particularly on pile with a wall thickness of greater than
0.50 inches such that extensive welding and welding QA/QC is not required.

= Increasing estimated lengths in variable subsurface conditions will help reduce the likelihood of
an in-lead splice for pile shorter than 60°. For longer pile consider specifying that the pile be
fabricated (spliced) on site prior to putting in the leads, taking into account the cost of using larger
size leads and cranes and other concerns similar to those discussed above when using fewer
high capacity pile.

= Piles can be installed in existing travel lanes, in stages under traffic control, and covered over
with temporary steel cover plates to keep travel lanes open to traffic until the time for substructure
construction.

= At water crossings consider a trestle pile design which eliminates the need for a cofferdam (if an
above ground pile cap is permissible). The potential for drift buildup should be assessed relative
to the use of a trestle pile system. A web wall may be required if drift potential is significant.

Drilled Shafts

= Usually take the most time to construct, however drilled shafts are often the best method for rapid
in-water foundation construction, since they may omit the need for a cofferdam (unless required
for environmental considerations),

= Consider fewer, higher capacity, shafts per bent, (note that appropriate modifications to LRFD
resistance factors are required for bents with less than 2 shafts).

= Higher potential for increased risk of time delays due to problems with shaft construction or
negative NDT results
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Micropiles

= Usually more expensive than the other foundation types,

= Suitable for certain ground conditions, particularly manmade unconsolidated rock fragment fills
and low overhead clearance areas,

= May be installed to tight tolerances and drilled through pavement sections,

= Consider environmental concerns relative to spoils recovery since water is typically used to flush
out cuttings.

Accelerated Embankment Construction

The time required for embankment construction, (either an all new roadway embankment or a widening
section) depends primarily on the volume of material required, the type of embankment materials used,
the level of contractor effort and the subsurface conditions at the site. Other factors such as access,
retaining wall construction and weather can also play a role and affect the speed at which an
embankment can be constructed. Embankment construction may be accelerated in a number of ways,
however in areas where very soft ground conditions exist, and there is potential for significant settlement
and stability issues, consideration should be given to extending the bridge structure over these areas.
This may result in a better overall design with less environmental impacts and a shorter construction
period.

For ABC projects, the geotechnical engineer should evaluate the site conditions and project requirements
to determine the most effective way of expediting embankment construction with the least impact to traffic
flow and mobility. Refer to ODOT GDM; Chapter 9 for more design guidance on the analysis and design
of embankments. ABC projects often replace bridges in the same location (same horizontal alignment) as
the existing bridge, except the new bridge is usually wider and therefore the approach embankments
need to be widened. The grade may also be raised resulting in a further increase in embankment
widening. Depending on the site constraints (available access/ROW, adjacent structures, wetlands, etc)
this widening can often be accomplished with minimal traffic impacts. However, the geotechnical engineer
should play a key role in the design of these widened sections to help determine the best approach for
expediting the construction while taking all appropriate geotechnical design requirements into account.

The need for retaining walls on a project should be carefully reviewed. Typically an embankment can be
constructed much quicker than a retaining wall. Retaining wall needs are typically driven by roadway
“typical section” needs that may not have been optimized to reduce the need for retaining walls. For
example, the slope immediately behind a guardrail could be steepened from the typical 1V:3H or 1V:4H
to steeper slopes if longer (8') guardrail posts are used rather than the typical 6’ post lengths. Often
typical fill slope rates of 1V:2H are considered in typical sections rather than steeper slopes which may
omit or reduce the need for a wall. The use of stone embankment material to construct 1V:1.5H fill
slopes, and using 8 metal guardrail posts to assist in penetrating the stone embankment material, has
been used successfully on several projects.

Retaining walls may be proposed in some areas to avoid, or minimize, environmental impacts. However,
the need for walls in these areas should be closely evaluated, in consultation with the appropriate
environmental specialists, to determine the underlying reasons for requiring a wall and whether or not it is
the best solution for the specific location.
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Some suggested considerations for embankment construction on ABC projects are summarized below:

= Use “All-Weather Materials” (stone embankment) instead of common “borrow” materials where
available and appropriate. This allows construction to rapidly proceed regardless of wet weather
conditions and can greatly reduce the total embankment construction time.

= Soft Ground Conditions (settlement and stability issues)
o0 Lightweight fill material such as geofoam applications
0 Geogrid reinforced embankments
o0 Ground improvement techniques
0 Surcharge, with or without vertical wick drains

QA/QC, QUALITY CONTROL FOR PREFABRICATED CONCRETE ELEMENTS

Types — ODOT has used a variety of prefabricated concrete elements on many projects. Prestressed
concrete elements have been used since the 1960s. Use of non-prestressed prefabricated concrete
elements dates back even earlier. The types of prefabricated concrete elements used on ODOT projects
have included:

Prestressed slabs and box beams
Prestressed girders
Prestressed columns
Prestressed arch ribs
Prestressed piles

Bridge railing

Bridge end panels

Pile caps/abutments
Stay-in-place deck forms
Culverts

Manholes and utility vaults

Prestressed Elements - When precast concrete elements include prestressing, Section 00550 of the
standard specifications apply. 00550.05 requires fabricators to be certified under the PCI Plant
Certification Program. PCI certification ensures that industry best practices are followed. The member
tolerances specified in 00550.04 are those recommended by PCI.

For non-standard prestressed concrete elements, the existing Section 00550 Oregon Standard
Specifications for Construction will likely be adequate without modification. However, the designer may
need to create a unique bid item since the available bid items only cover our current standards.

Designers should verify details with local precasters (Knife River and/or R.B. Johnson Co.) before design

plans are final. The ODOT Bridge Materials Engineer should also be consulted to verify whether
standard inspection procedures are adequate.
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Non-Prestressed Elements — Precast concrete elements that are not prestressed should be specified
under Section 00540. Since there is not a nationally recognized certification program for non-prestressed
elements, the designer will need to determine some minimum qualifications for fabricators. Minimum
qualifications may include:

e Submission of a Quality Control Plan

e Names and qualifications of key personnel
e History of similar projects

e Procedure for tracking material certifications

The nature and complexity of the project will determine which items above should be included in the
minimum contractor qualifications. Solicit input from the ODOT Bridge Materials Engineer before
finalizing any contract special provisions.

In addition to project qualifications, it may be desirable to also require the contractor to identify the form
material and forming details. Lifting and shipping details may also be required. For unique lifting and
shipping situations and/or large elements, it may be necessary to require verification of lifting and
shipping details. Such verification could be achieved with review by a professional engineer or by testing.
Especially where there is potential for items to be fabricated by a contractor with little or no experience
with precasting concrete, the special provisions should include language that ensures safe and adequate
lifting and transport details. In some cases, it may be desirable to add lifting and shipping verification as
part of the contractor’s Quality Control Plan.

Where precast concrete elements are specified under Section 00540, the designer will need to write a
special provision to address measurement and payment. Most structural concrete is paid on a cubic yard
basis. However, precast concrete elements should be paid either on a per length basis or per each.

Standard fabrication tolerances for structural concrete are provided in Section 00540.40. These
tolerances are based on typical cast-in-place concrete construction. For precast elements tighter
tolerances may be achievable and desirable. Consult with the ODOT Bridge Materials Engineer to
determine reasonable tolerances for your specific application.

Inspection of precast concrete elements will be required both during the precasting operation and during
placement in the field. The ODOT Bridge Materials Engineer is responsible for inspection of precast
elements and should be notified when precast concrete elements are to be used. This will help ensure
ODOT staff is scheduled to be available for such inspections and whether any adjustment to the ODOT
Nonfield-Tested Materials Acceptance Guide is needed.

Connection Issues — Current state-of-the art does not support connection of precast cap elements in
high seismic locations. This is currently being researched at the national level.

Connection of precast elements may involve the use of grout pockets to emulate cast-in-place
construction. Where grout pockets are used, manufacturer’'s recommendations should be followed
regarding when grout should be extended with aggregate. For many grout products, aggregate is
recommended when the pocket size reaches 2 inches or more.
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COSTS CONSIDERATION

It has been determined by numerous projects nationally that accelerating a project delivery will reduce the
costs to highway users associated with traffic queues and detours during the bridge installation. Utah
DOT has demonstrated that ABC can be successful and the initial costs of innovation are absorbed on
the first few projects when there is some assurance that more projects using the same technology are
being planned for the near future. The use of ABC should be justified on a specific project by analyzing
the user cost savings compared to the estimated cost of various methods of rapid construction (see
HYRISK discussion below).

ODOT has posted a Work Zone Traffic Analysis Tool that considers such topics as traffic delays and
operations, and long detours. Guidance on Incentive/Disincentive Program for designers is also
available. See http://intranet.odot.stste.or.us/tsestimating/

Incentive/Disincentive Program

Requirements related to reduced traffic impact and time must be clearly specified in the contract
documents. Innovative contracting strategies to achieve accelerated construction include
incentive/disincentive, a financial bonus or penalty for delivery before or after a time set in the contract;
A+B bidding, cost-plus-time based on the combination of contract bid items (A) and the time bid for
construction multiplied by daily user cost (B); lane rentals, assessed rental fees for lanes taken out of
service during temporary lane closures for construction; and no-excuse bonus, a modified incentive with
no time adjustment for problems such as delays due to weather or utility conflicts regardless of who is
responsible.

Incentives and disincentives for early completion give contractors a financial reason to change their
conventional practices to accelerate construction. Contractors cannot count on incentives and, therefore,
may not reduce their bid price in anticipation of receiving incentives. Disincentives are necessary but may
result in higher bid prices because of the risk to contractors that they will not be able to meet the reduced
construction timeline. However, in some accelerated bridge project case studies, it was found that by
providing the right incentive/disincentive, the contractors were able to lower the overall total project costs
when compared to conventional delivery methods.

Maintenance of Traffic Costs

Traffic management and user delay-related costs associated with bridge construction activities will
significantly influence the selection of the most cost-effective bridge technology.

Elaborate traffic control plans can significantly add to the cost of the replacement, especially when the
traffic control plan changes significantly during the project due to development, local expansion, or other
projects in the area. Cost savings from the reduced duration of the traffic control plan through the use of
ABC method of delivery can be estimated based on the reduced number of days of traffic control cost
times the average daily operating cost of such measures for comparable bridge projects.

Contractor’s Operation Costs

In general, contractors bid projects with the plan to complete onsite construction as quickly as possible to
increase profits; this is particularly true for projects with incentives for early completion. The contractor’s
costs, including overhead costs to staff projects with construction crews, etc., are reduced when the
duration of the construction project is reduced. Also, construction crew safety in the work zone is
increased with reduced exposure times related to the construction duration.
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Owner Agency’s Operation Costs

Agency overhead costs to staff projects, e.g., construction engineering and inspection support, are
reduced when the duration of construction projects is reduced. Prefabricated bridges, with their rapid
onsite installation, can significantly reduce these project costs.

The use of prefabricated bridges to accelerate construction cannot be approached in a conventional
manner by the owner. The owner will need to commit to working multiple shifts, odd hours, and under the
same constraints as the contractor.

The manufacturers of the prefabricated components may be able to offer lower unit costs if they can
spread their fixed costs over many bridges and/or reuse the formwork repeatedly. The bundling of
projects will provide an attractive incentive for a contractor to acquire new or special equipment when he
can recoup his investment without pricing his bid out of the market.

Available Tool: HYRISK

How much will it cost highway users if a bridge is closed or detoured? The bridge with the longer detour
would require additional time and mileage costs to negotiate the detour, and would incur the most cost to
users. When considering the cost of the project, the cost of the construction of the bridge alone fails to
capture the total cost of the project.

A method that blends the cost of the bridge construction and captures users economic losses associated
with a bridge construction is discussed below using HYRISK algorithm to compute the economic impact
to a community.

ADT and detour length are extracted from the NBI record for the bridge. The assumed 2008 cost per
distance traveled was equal to $0.44/mi ($0.27/Km). It is assumed that the project would have one year
duration of the detour.

Detour Mileage Cost (DMC) = Duration * Length Detour (L) * Cost/Length (CpL) *ADT
Sample Bridge Project (Br # 00138)

Duration of facility for construction (D) in days 365
Detour length (L) in km 26

Cost per Mile per Vehicle driven of detour length (CpL)/km $0.27
Average Daily Traffic (ADT) 330

Time cost per person (TcP)/hr $16.31
Occupancy rate (person) per vehicle (O) 1.56
Time cost per truck (TcT)/hr $29.50
ADTT (Truck Traffic as a percentage of ADT; i.e. 10% this case ) 10
Speed of Traffic on Detour (DS) in km/hr 64
Detour Mileage Cost (DMC) = D*L*CpL*ADT $845,600
Detour Time Cost (DTC) = $1.265 M
D*L*[(O*TcP)*(1-ADTT)+(ADTT*TcT)]

Total Community Cost associated with bridge closure $2.11 M
T1s=DTC+DMC
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Compiled Oregon ABC listing of bridges replaced using ABC techniques.

OR 38 over Elk Creek Bridges near Elkton — 2 steel plate girder bridges - Built on temporary
falsework adjacent to the existing and skidded on tracks over during two weekend road closures
(2008).

OR 38 Bridge over Hardscrabble Creek, Douglas County - Built adjacent to the existing and
skidded into place (2008).

Kimberly Bridge OR19, Grant County — Rapid replacement of two approach spans using precast
pile caps on a long structure with 20-day full road closure (2008).

Depot Street Bridge over the Rogue River (Jackson County) — Concrete arch 306-foot span
bridge built adjacent to existing and skidded over. Bridge was closed for 5 days total (2007).
Sauvie Island Bridge (Multnomah County) over the Columbia River — 365-foot steel tied arch
span. Used SPMT to skid and load bridge on barges and floated span into place (2007).

OR 47 over Dairy Creek Overflow Bridge, Washington County - Use of steel pile cap and reused
salvage precast, prestressed slabs. Open to traffic in 14 days (2007).

US 20 Bridge over Hayes Creek, Eddyville, Lincoln County - used of precast cap and slabs,
constructed during a 72-hour road closure (2006).

Lewis & Clark Deck Replacement (with WSDOT lead) 120 nights (9:30 pm-5:30 am closure) and
4 weekends. Use of SPMT to replace superstructure 5478 L X 34” W, 34 panels. WSDOT
design 2004; conventional method - 4 years; or 6 month full closure (2004).

Mill Creek Bridge Deck Replacement, OR26, Wasco County - 3-span continuous truss with deck
panels replaced sequentially with partially concrete filled exodermic steel grid deck. 540-foot deck
replaced in 24 days under flexible road closure schedule (2003).

I-5 (Interstate) Bridge over the Columbia River, Portland — Accelerated the replacement of 2
trunnion assemblies and span/counterweight cables in the North End. $1.4+M incentive
($100K/day) was awarded the contractor for early completion in less than 7 days; 14 days ahead
of the required 21-day schedule (1997).

Imnaha Bridge over Little Sheep Creek — Single span, concrete-filled grid deck over steel curved
girder bridge. Built first half of new bridge and switched traffic over; demolished existing bridge
and built second half with some skidding to connect the two halves. Longitudinal concrete
closure-pour in the middle (1997).

Freemont Bridge over Willamette River, Portland. Arch span was floated on barges and moved
into place using strands jacking (1973).

Sam Jones Bridge - Full depth precast deck panels.

OR 99E over Pudding River Bridge, Clackamas County — Erected new, longer and wider
replacement steel truss adjacent to existing steel truss and skidded over (1940s).
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1.1.2.10 Special Considerations for Federal-Aid Projects
(1) Alternate Designs - According to the Federal Highway Administration (FHWA), the practice of
providing alternate designs for major bridges results in substantial savings in bridge construction costs.
Current FHWA policy states that use of alternate designs is optional and at the discretion of State
highway agencies. If alternate designs are appropriate, consider the following:
o Utilize competitive materials and structural types.
Prepare each alternate design using the same design philosophy. (That is, LRFD
design, finite element, etc.) Ensure the design/construction requirements for the entire
bridge (foundation, substructure, deck) are compatible.

e Prepare estimates for all alternate designs during the TS&L design phase.

(2) Unusual Structures - FHWA policy requires "unusual bridges” to be approved before being designed.
An “Unusual bridge” may have:

o Difficult, new or unique foundation elements or problems.
¢ A new or complex design concept involving unique operational or design features.

e Design procedures which depart from current acceptable practice.

Examples of unusual bridges include:
o Cable-stayed, suspension, arch, segmental concrete, moveable, or truss bridges, and
other bridge types which deviate from AASHTO Design Specifications or Guide
Specifications.
o Bridges requiring abnormal dynamic analysis for seismic design.
o Bridges designed using a three-dimensional computer analysis.

o Bridges with span lengths exceeding 500 feet.

¢ Bridges with major supporting elements of ultra high-strength concrete or steel.

Other unusual structures include:
e Tunnels.

e Geotechnical structures featuring new or complex wall systems or ground improvement
systems.

e Hydraulic structures that involve complex stream stability countermeasures.
o Designs or design techniques that are atypical or unique.

Where unusual bridges are identified, seek FHWA involvement as early as practical. Do not advance the
design beyond TS&L without FHWA approval.
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1.1.2.10 Special Considerations for Federal-Aid Projects - (continued)

3 Experimental Features Program - An experimental feature is a material, process, method, or
equipment item that:

e Has not been sufficiently tested under actual service conditions to be accepted without
reservation in normal highway construction, or

e Has been accepted, but needs to be compared with acceptable alternatives for
determining relative merits and cost effectiveness.

Although the experimental features program is normally used in conjunction with Federal-aid projects, the
program format has occasionally been followed for projects funded entirely by the State. In some cases, the
FHWA has even paid part of the research cost for basically a State-funded experimental program.

The intent of the Federal-aid experimental features program is to allow ODOT time to develop, test, and
evaluate specifications for new, innovative, or untried products or processes.

(4) Specifying Proprietary ltems - To encourage competitive prices from manufacturers and suppliers,
the FHWA has established a policy for specifying proprietary products or processes for Federal-aid projects.
Generally, “proprietary” means:

o Calling out a product on plans or in specifications by brand name.

o Using specifications written around a specific product in such a way as to exclude similar
products.

The policy basically says:
e You must use two, preferably three, products when specifying by name brand.

e You can use generic specifications patterned after a specific item if at least two
manufacturers can supply the item.

On the other hand, specifying one proprietary item is allowed only:
o [fit qualifies for the experimental features program.

o If, with written justification from ODOT, the FHWA specifically approves in advance a
single product, which is essential because of compatibility with an existing system, or the
only suitable product that exists.

(5) Use Of Debris From Demolished Bridges And Overpasses — Public Law 109-59, dated August
10, 2005, Section 1805 mandates that for Federal-aid bridge replacement and rehabilitation projects,
states are “directed to first make the debris from the demolition of such bridge or overpass available for
beneficial use by a Federal, State, or local government, unless such use obstructs navigation.” Links are
provided for more information:

FHWA Memorandum of March 7, 2006 : [ link to Bridge debris memo.pdf ]
Public Law 109-59 Aug. 10, 2005 : http://www.fhwa.dot.gov/safetealu/legis.htm

Note that environmental regulations may prohibit the use of debris in waterways.
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1.1.2.11 Type, Size, and Location (TS&L) Design
The end product of a TS&L design includes:
e TS&L Plan and Elevation drawing
e TS&L Estimate of structure construction cost

e TS&L Narrative

(1) TS&L Plan and Elevation Drawing - In its final form as part of the approved TS&L design, the TS&L
Plan and Elevation drawing is produced on a half size CAD paper print. See Section 2.6, “Type, Size,

and Location Plan and Elevation”.

(2) TS&L Estimate - Normally, the TS&L Estimate of structure quantities and costs is based on a rough
calculation of quantities. However, if time is short and the structure is ordinary or typical, square-foot
costs may be adequate. A bridge with tall end bents would not be considered typical, and would,
therefore, require a rough quantity estimate to account for the greater abutment costs.

(3) TS&L Narrative - A TS&L Narrative is required for each design project except those minor ones such as
deck joint rehabilitations, rail retrofits, or projects. The purpose of the TS&L Narrative is to provide
enough background information so that reviewers can effectively evaluate the proposed final design.

The following is a general outline of possible discussion items:

e General Background:

Project development and justification.
Right-of-way restrictions.

Permits and restrictions.

Utility conflicts or restrictions.
Railroad clearances and restrictions.

¢ Geometry and layout:

e Roadway width, ADT, grades, and alignment. (If design does not meet current
AASHTO standards, note that a design exception has been or will need to be made.)

¢ Sidewalks, rails, and protective fencing.

e Hydraulics:

¢ Waterway openings, high water elevation, and clearances.

o Bank or bent protection.
¢ Floodway information, when appropriate.

e Foundations:

¢ Piling, drilled shafts, spread footings.
Fills, surcharges.
Settlement.
Lateral earth or seismic loads.
Liquefaction potential.
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Type, Size, and Location (TS&L) Design — (continued)

General outline of possible discussion items: - (continued)

e Structure Features:
e Span length and span arrangement.
e Type of superstructure.
e Type of bents and location.
o Type of bridge bearings
o Accessibility to bridge bearing and joint for inspection, maintenance or replacement.
o Alternate structure types considered and estimated costs.
e Stage construction and detour requirements.

¢ Design concepts - Rationale for decisions about:
¢ Building new bridge versus widening existing one.
o Use of bridge versus culvert.
e Foundation support assumptions.
e Assumed pile or drilled shaft loads.
o Assumed lateral soil pressure against end bent.
¢ Seismic load assumptions.

Many bridge replacement projects require a Biological Assessment. To aid in the process, try to address as
many of the following subjects as practical.

1)
2)

3)
4)
o)
6)

7)
8)

9)

Project timing and chronology.

Alignment and size of the new bridge in relation to the existing bridge (i.e., number of spans,
length).

Quantity of impervious existing bridge surface removed and added by the new bridge.
Type of the new deck surface and construction methods.
Type of the new bridge railing and construction methods.

Proposed treatment of the runoff (i.e., number of scuppers or direct discharge drains on the old
bridge vs. number of drains on the new bridge)

Number and sizes of the existing bents/footings to be removed within the OHWM and the wetted
channel. Discuss the removal methods of the existing bents, footings and piles.

Number and sizes of bents/footings added for the new bridge, within the OHWM and the wetted
channel. Discuss the construction methods for the new footing, bents and piles.

Type of isolation method used during construction (i.e., coffer dam).

10) For bridges with lead based paints, discuss the method of removal and disposal.

11) If a detour bridge, working bridge, or falsework are required, discuss how many bents and types

of temporary supports that may be within the OHWM and wetted channel. Discuss the
construction and removal methods that might be used.

12) Extent and duration of in-water work (i.e., heavy machinery in wetted channel).

13) Amount or extent of fill and/or rip-rap.

14) Possible staging areas and access.

15) Amount and type of vegetation to be removed (outside and within the OHWM).

16) Amount of wetland impacted.

17) Any planned mitigation.

Note: Even though the Hydraulics Report or Foundation Report may not be available at the time the TS&L
Narrative is written, always include comments about assumptions made in consultation with the Hydraulics
or Foundation Designer.
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1.1.2.12 Final Design, General

The final design phase can begin after receiving the TS&L approval. All bridge design projects will be
completed by assigning personnel to perform the following duties:

1. Bridge Design Reviewer
2. Bridge Designer
3. Bridge Design Checker

All personnel assigned to any of these duties will be required to either stamp and/or sign the final plans.
Current practice requires only one stamp on the plans. The literal interpretation indicates that a registered
designer must stamp his/her own plans. ORS 672.002(10) just requires that the stamping engineer have
supervision and control unless he/she is not registered, in which case the checker or reviewer will stamp the
plans, in accordance with OSBEEL rules for work done under supervision and control of a registered PE.

a. At least two out of the three functions listed above must have prior experience and minimum
qualifications in the type of structure being designed, repaired, or strengthened, including bridge
preservation work. Either the review or checking function must be done by someone with a
minimum of five years experience in successful bridge design and construction support of bridges
successfully constructed. If the unit, agency, or firm does not have the desired level of expertise,
they will be expected to employ one of the following:

¢ Provide a “tech advisory group” for the project, or
¢ Hire a consultant or sub-consultant that does have the desired level of expertise

b. When main structural members are being designed, repaired, or strengthened, the Class 2 design
check will only be allowed under rare circumstances, when the designer has completed more than
five designs of the specific type of bridge under design, and then specific critical portions of the
design will be verified independently.

Bridge Design Reviewer — Generally, the designated “Bridge Design Reviewer” is the immediate supervisor
of the work unit that has been assigned the bridge project, or the person that has overall management
responsibility for the project. Serving in that capacity, the “Bridge Design Reviewer” will be responsible for
selecting the Bridge Designer, the Bridge Design Checker, and the CAD Drafting support for the project.
Large design projects with multiple or complex structures will most likely involve several Designers and
several Drafters. Often, these large projects can be done more efficiently if the Design Team Supervisor
chooses a Lead Bridge Designer and Lead CAD Drafter to help organize and manage the project, as well
as, fulfilling the following tasks, or assure they are done:

1) Fulfill the Design Team Supervisor’s Responsibilities as specified in Bridge Section Office Practice
21.11.2

2) Review Plan as specified in 2.1.11.3(2)

3) Assure that the project is designed in accordance with accepted bridge design manuals as specified
in2.1.2.

4) Records are kept in accordance with 2.1.3.
5) Tracking Bridge Design Costs as specified in 2.1.7.
6) Measuring Design Productivity as specified in 2.1.8.
7) Assuring that Other Design Considerations were addressed 2.1.10.
8) Provide overall Project Guidance and Support 2.2.
9) Assure that Other Things are addressed 2.3.2.
0

10) Obtaining the appropriate Permits 2.3.3.
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1.1.2.12 Final Design, General — (continued)

11) Periodically Reviewing the Job record Folder 2.3.4.

12) Processing the TS&L Design Package.

13) Review any Special Provisions 2.4.5.

14) Review Final Plans to assure that the design meets project objectives 2.4.8.

15) Review Final Plans to assure that structural elements, specifically joints and bearings are
inspectable.

16) Review Final Plans to assure that enough room on beam seat is provided for bearing replacement
and effects of jacking force on structural elements. Ensure that details are provided which show
location of jacks needed for bearing replacement, including bearing replacement procedures.

17) Review Final Plans to assure that enough room is provided beneath bridge deck for inspection and
maintenance of Modular Bridge Joint Systems.

18) Review all Project Changes initiated during the Construction Phase.
19) Provide project support when handling Construction Problems.

20) Review all Price Agreements.

21) Review all Working Drawings.

22) Review the Construction Narrative 3.1.9.

23) Assure As-Constructed Drawings are created in accordance with BDDM 2.1.3.1, 2.1.3.2 and 2.7.11
and submitted to Bridge Section along with the Calculation Book(s).

24) Transfer all Electronic Files to Bridge Section for Archiving.

Bridge Designer — Generally, the assigned “Bridge Designer” will be the designated “Engineer-of-Record” for
the project and will generally see the project through to completion, from-cradle-to-grave. The designated
Bridge Designer (“Engineer-of-Record”) will be responsible for fulfilling the following:

1) Fulfill the Lead Designer’s duties as specified in Bridge Section Office Practice 2.1.11.3. Assure
that the bridge is designed in accordance with accepted ODOT Standard Bridge Design References
shown in (Office Practice 2.1.2).

2) Fulffill the duties listed in the Bridge Section Office Practice 2.1.11.

3) Create the Preliminary Documents specified in Bridge Section Office Practice 2.2.2.

4) Fulfill the Preliminary Design Tasks specified in Bridge Section Office Practice 2.2.3..

5) Provide the Type, Size, and Location (TS & L) Design as specified in Bridge Section Office Practice
2.3.

6) Provide and keep the Bridge Design Calc Book current and up-to-date in accordance with 2.1.5 and
2.1.6.

7) The designated Bridge Designer will assure3 that the bridge is designed in accordance with Bridge
Section Office Practice 2.4 “Final Design”.

8) The designated Bridge Designer will be responsible for working with the CAD Drafting staff, with the
Bridge Plans and/or modification of the Standard Drawings for the project.

9) Throughout the project development phase the designated Bridge Designer will maintain a Book of
Design Calculations, so that it is current and up-to-date and contains the information specified in
Bridge Section Office Practice 2.1.5 and 2.1.6.

10) The designated Bridge Designer will normally act as the project consultant throughout the
Construction Phase, performing those dutQies specified in Bridge Section Office Practice 3.1.

11) Assure Design Standards and Project Development Criteria are met or given exceptions from
ODOT Roadway Section.
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1.1.2.12 Final Design, General - (continued)

12) In addition to Design using authorized Computer System and Software (2.1.4), perform cursory
bridge design calculation by hand to assure input and output from the computer software is correct..

13) Review any Special Provisions 2.4.5.
14) National Bridge Inventory System Requirements:

a. The Bridge Operations Work Unit will be kept appraised of all bridge inventory data
changes.

b. The following Bridge Operations, Standards and Practices personnel will receive a copy of
the advanced plans when they become available:

i. Bridge Operations Engineer
ii. The Region Bridge Inspector where the structure resides
ii. The Bridge Inventory Coordinator

iv. If the structure is a local agency bridge — the Local Agency Bridge Inspection
Coordinator.

c. The Region Bridge Inspector, where the structure resides, will be given a notice prior to
opening the structure to public travel.

Bridge Design Checker — All Bridge Design Projects must also have a designated “Bridge Design Checker”.
Even though the designated Bridge Designer is the Engineer-of-Record, the checker will perform an
independent calculation for the bridge being designed, as well as, fulfilling the following duties:

1) Fulfill duties as specified in Bridge Section Office Practice
a. Bridge Design Checker, Class 1 —2.4.9,
b. Checking Last Minute Changes —2.4.10.2,
c. Check Working Drawings when not in conformance with the design drawings — 3.1.8,
d. Perform a Review of the Construction Narrative — 3.1.9.

2) Stay involved throughout the life of the project so that a check of calculations and a review of design
decisions can be performed.

The final design end product includes:

e Plans — Clear and complete detailed plans with all information necessary to obtain a fair
bid and to layout and construct the project.

o Specifications — Preparation or assembly of all Specifications, Supplemental
Specifications, and Special Provisions necessary for construction of the project.

o Estimates — Calculated quantities of all materials in the project, based upon the current Bid
Item list. Estimate of the time required for construction using a graph format showing all
critical stages of the construction. Estimate of the cost of design assistance during
construction.

e Calculation Book(s)

1. Design Calculations — A structural analysis and design of the bridge and related
components. Documentation of the work with hand calculations, computer output
and detailed notes. The Design Engineer is responsible for the meaning and
applicability of all computer generated data.
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Final Design, General - (continued)

2.

Design Check Calculations — An independent check of: the structural analysis and
design of the bridge and related components, plan detail sheets, specifications and
special provisions, and project quantities; Documentation of the work with hand
calculations, computer output and detailed notes; the meaning and applicability of
all computer generated data by the checking Engineer.

The level of detail to be checked varies with the complexity of the project and the
amount of experience of the Designer and Checker.

Class | Check — The Class | check is a comprehensive design review covering all
aspects of the project. It will be done primarily for:

e Major complex structures.

e Steel and post-tensioned bridges.

e Structures designed by an inexperienced Designer.
e  Structures checked by an inexperienced Checker.

The Checker is responsible for the following:
e Review of location data and correspondence files.

e Review of construction time and seasonal requirements, permit
applications, work-in-stream restriction, and utility installations and
conflicts.

e Review of foundation and hydraulic requirements.
e Check for consistency of alignment and details with roadway plans.

e Thorough check of geometry, alignment, grades, clearances, and
construction details.

o Verification of structure length, roadway width, structure type selection,
aesthetic treatment, span arrangement, bent type and configuration,
and rail type.

e Complete independent structural analysis of all components according
to design specifications and current design practice. The Checker
should make a quick, longhand check of the most important structural
elements before beginning a computer analysis of the design.

e Independent check of Final Estimate quantities and reconciliation of
figures with Designer.

e Confirmation that all items listed in the Checklist for Final Design
(BDDM A2.7.2) have been satisfied.

Class Il Check — The Class Il check is a review of design concepts and
construction details and does not necessarily include a structural analysis. It will be
done primarily for:

e Minor bridges designed by an experienced Designer.
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1.1.2.12 Final Design, General - (continued)

The Checker is responsible for the following:
e Review of correspondence, job files, and design calculations.
e Confirmation that foundation and hydraulic requirements are met.
o Verification of geometry, alignment, and structure type selection.

e Confirmation with Designer that critical structural items have been
analyzed during the final design.

e Completeness of plans
e Check of construction details and Final Estimate quantities.

Complex, Unconventional or Unusual Systems or Details — Operations and Maintenance Manuals

Bridge engineering has been changing and numerous emerging technologies are on the horizons that
enable facility owners to improve the performance and/or to monitor the safety of their bridges. To
ensure that these innovations are been properly applied and monitored for their effectiveness, the owner
is requiring operations and maintenance manuals to be submitted along with the design calculations for
all unconventional, complex or unusual systems or details. The specifics of the service manuals will be
determined at the beginning of design of which they relate to the bridge type design selected.

The intent of this provision is to provide additional information to the agency for the efficient and effective
operation of any innovations that are installed and specific to a facility. The manual may include shop
drawings, fabrication details and manufacturer’s technical product information. The manual should be
clear in providing instructions on how and when to inspect and maintain the systems or details and how
often to perform condition assessment of the unit.

Examples of deliverables:
1. NDT/E Monitoring Systems:

a. Example of deliverable: Operations and Maintenance Manual for all the NDT/E
monitoring systems for recording fracture critical stresses and potential fatigue crack
locations

2. Electrical and Mechanical Systems on Movable Bridges

a. Operations and Maintenance Service Manuals for the all electrical controls on movable
bridges. Maintenance manual should include servicing the machine components and
gears, brake systems, drive motors and span locks.

b. Operating instructions should include electrical service disconnect, wiring and labeling of
electrical power distributions, traffic control systems, span lift control and lock systems,
navigational and channel lightings, HVAC, fire and security alarms, and remote camera
and sensing systems.

3. Seismic Monitoring Systems:

a. Operations and Maintenance Manual for seismic monitoring system for recording ground
motions.

b. Operating instructions should include system inspection and checks, recorder working
properly, troubleshooting, and accelerometers working condition.

4, Cathodic Protection Systems:

a. Operations and Maintenance Manual for all cathodic protection system to include such
components like cabinets, wiring system, reference cells, anodes, and terminal plates.

b. Operating instructions should include system and inspection checks, battery power
operated checks, trouble shooting, presence of corrosion, and sensors integrity check.
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Final Design, General - (continued)

5. Bridge design types that are unique or unconventional to the Oregon:

a.

Segmental and cable stayed bridges — inspection and manual manuals for its critical
details and main force carrying components. Such examples include post-tensioning
ducts and tendons, stay cables, anchorage and cradle details, deviators, pot bearings,
modular joints, seismic isolation and/or damping devices, wind shear locks. Maintenance
instructions should include the inspection and replacement of its components when they
are no longer performing as designed.

Suspension bridges — inspection and maintenance manual for its critical details and main
force carrying components. Such examples include main cable, saddles, anchorages,
shoes, suspender ropes, corrosion protection systems, seismic isolation and/or damping
devices, and wind shear locks.
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1.1.3 Foundation and Hydraulic Considerations
1.1.3.1 Foundations and Hydraulics, General

The Foundation and Hydraulics designers will provide data and recommendations with respect to types of
footings, footing elevations, nominal and factored resistances, types of piling, pile tip reinforcing, drilled shaft
tip elevations, and scour protection which are to be used at each bridge site. The Designer should be
satisfied that the recommendations are adequate with respect to factored loads, scour and economy. If
there are questions in this matter, they should be discussed with the Foundations and Hydraulic design
engineers. Special factors in the type of construction selected may cause a reconsideration of the original
recommendation. Some basic guidelines include:

e Riprap at bridge ends or on embankment slopes is considered a roadwork item.
Layouts and typical sections of riprap details such as thickness, filter blanket, and toe
trench are to be shown on the roadway plans (see below). For the structure plans,
show riprap at bridge ends to scale, but without dimensions and with a note: "See
Roadway Plans for riprap details." For bents and footings in streams and not at bridge
ends, show riprap details. (See Section 1.1.6, "Underwater Construction.")

e |f the Foundation or Hydraulic report is not available, the fact should be noted and the
basis for the design of the footings should be indicated.

o Except for special cases, provide a minimum of 2 feet of cover over the top of spread
footings.

e Except in solid rock, make the bottom of all footings in streambeds a minimum of 6 feet
below the normal streambed. For footings with seals, the top of the seal is considered
the bottom of the footing.

o Make the top of footings within the right of way of the Union Pacific Railroad a minimum
of 6 feet below the bottom of the low rail to allow for future underground utilities.

o NE
§ €
rIPRAP | T | Filler /// 8y
A anke ___ =
CLASS Design HW
50 127 | none b
100 18" none _
200 24~ 6” Filter Blanket or Geotextile ~[.g
700 36" 9” Fabric (if required) NLE
2000 48" 12”7 T -
** Do not excavate toe trench where 4 L-
solid formation is encountered or
as directed. ** Toe french excavation

(shown hatched)

RIPRAP BLANKET AND TOE TRENCH DETAIL

Figure 1.1.3.1A
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1.1.3.2 Lateral Earth Restraint

If passive earth pressures are used in design to resist seismic or other lateral loads, detail the plans to
ensure assumed soil conditions exist after construction. Where possible, plans should specify placing
footings against undisturbed material. The soil type may be such that it will not stand vertically after
excavation. If soil is disturbed, Standard Specifications for Construction Section 00510.41 require backfilling
with compacted granular material. If there is any question concerning this, consult with the Foundation
Designer. If the excavation will not stand vertically, add a reference note, "See Standard Specifications for
Construction" to the "Structure Excavation Limits" detail shown on the plans. The Contractor will be allowed
to excavate beyond the footing limits and backfill with compacted granular structure backfill (00510.46). |If
footings, such as pile supported, etc., do not require the lateral soil resistance for stability, then do not call for
pouring against undisturbed material.

Figure 1.1.3.2A
1.1.3.3 Cofferdams

If cofferdams are required and passive earth pressures are assumed in the design, show a detail similar to
Figure 1.1.3.3A on the plans. Material outside cofferdams should also be undisturbed and backfilled with
riprap if disturbed.

No backfill required above
top of riprap when the
natural ground is below

water level.
ﬂra/ streambed

Fill any scour holes that develop
with riprap up to the prescribed
depth. Material outside the cofferdam

shall be left undistrubed as much
as practical.

Footing

Top of footing— .

Footing Seal

Cofferdam sheet piling
Jgou U uu ‘/

Figure 1.1.3.3A
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1.1.34 Hydraulics

Hydraulic requirements for bridges are provided in Chapter 4 and Chapter 10 of the ODOT Hydraulics
Manual.

Include in the contract plans a Hydraulic Data chart similar to the one shown in A2.1.4.
On the bridge Plan and Elevation drawing, include the following on the “PLAN” view:

Stream name and direction of flow
Ordinary High Water (OHW) lines
Location of stream channel
Location and extent of riprap

On the bridge Plan and Elevation drawing, include the following on the “ELEVATION” view:

e Design high water elevation

e Ordinary high water (OHW) elevation

e Calculated scour elevation — Show with a horizontal line at the scour elevation and labeled “Total
scour El. = xxx.x” (If rock or limited scour, include the statement, “Anticipated scour is negligible”)

e Existing and proposed ground line profiles (3-line existing ground line preferred)

e Location, type and extent of riprap and toe trench

Scour Evaluation and Design - The Hydraulics Report will present the results of the scour analysis. The
scour analysis shall include analysis on possible long term changes in the channel bottom elevation due
to either aggradation or degradation, possible shifts in channel alignment, contraction scour and local pier
scour. Abutment scour and the potential for “washout” conditions are also evaluated. Scour depths are
calculated for both the 100-year (design/base flood) and 500-year (check flood) events. However, if the
incipient roadway-overtopping flood can occur, it is usually the worst case for scour because it will usually
create the worst scour conditions at the bridge site (greatest flow contraction and highest stream
velocity). Therefore, scour depths are calculated depending on the recurrence interval for the overtopping
flood. See Chapter 10 of the ODOT Hydraulics Manual for a description of these specific conditions and
criteria. The Hydraulics Report will provide the scour elevations for each of these conditions.

Scour at Bridge Abutments

In addition to scour caused by contraction, channel degradation and local pier scour, the potential for
scour at the bridge abutments must be considered at all waterway crossings. Abutment scour, lateral
stream migration (channel changes) or overtopping of the approach embankment could all result in partial
or complete removal of approach fill material and severely destabilize the abutment foundation and the
bridge. A “washout” condition could occur under any of these conditions where the approach
embankment supporting the abutment foundation is completely scoured out. Each of these three
conditions should be evaluated as described below:

e Abutment Scour: ODOT policy states that abutment scour calculations are not required if
abutment and approach fill slopes in the waterway are protected with a properly designed
revetment protection system, such as a riprap blanket with a toe trench extending down to the
maximum scour elevation. Revetment methods are discussed in the ODOT Hydraulics Manual,
Chapter 10, and in the FHWA Highway Engineering Circular No. 18 (HEC-18). The revetment
protection must be capable of withstanding the velocities and flow associated with the check
flood event. With this level of protection, the scour prism is reduced to just the contraction scour,
scour from degradation and local pier scour (if applicable) for use in scour design of the structure.
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1.1.34 Hydraulics — (continued)

For abutments and bridge fill slopes in contact with stream flow or wave action and not protected
with permanent revetment measures, abutment scour is calculated (if hydraulic and site
conditions are appropriate). Abutment scour could lead to destabilization of the bridge end slope
and loss of embankment material supporting the bridge foundation and abutment. If this condition
is possible, then the potential for a full washout condition should be considered for both the 100
and 500 year flood events.

e Roadway Overtopping: Overtopping of the approach fill near the bridge end may also result in a
washout condition (ref. HEC-18, Section 7.6 and AASHTO Section 2.6.4.5). This condition should
be considered in cases where the overtopping is located in the proximity of the bridge end and a
breeched embankment could result in the scour and removal of fill material supporting the bridge
abutment foundation. Properly designed slope protection and revetment may provide sufficient
mitigation against the potential for a washout condition depending upon site conditions. However,
each overtopping case is unique and should be carefully evaluated for the potential of a
“‘washout” condition. If a “washout” condition is considered feasible, the amount of embankment
material that could be removed, and the scour depths, are to be determined by the hydraulic
designer.

e Lateral Stream Migration: The potential for lateral streambed migration (channel changes) should
be evaluated for possible detrimental affects leading to erosion and/or scour of the bridge
approach fills. For unprotected, or even well protected, abutment slopes, if there is a possibility
that the stream channel could shift towards the abutment such that the revetment might not be
relied upon for permanent protection, then the condition of a full or partial washout of the
abutment fill material should be assessed. The potential and likelihood for stream channel
migration and the resulting affects, is determined by the hydraulic designer who should also
determine whether protective measures such as channel guides, stream bank stabilization
techniques or other measures could be employed to mitigate this potential. The hydraulic design
and any stream bank stabilization measures must demonstrate that the channel won't migrate
towards the abutment such that it could cause a destabilization of the slope and a potential
"washout" design condition.

Under a washout condition, all foundation support (vertical and lateral) provided by the embankment
material beneath the abutment should be neglected down to the scour elevation associated with both the
design flood (base flood) and check flood events (excluding local pier scour). The foundation should be
capable of supporting the bridge loads under both of these design conditions as described in the
AASHTO LRFD Bridge Design Specifications.

Abutment scour conditions which could result in partial or complete washout of the material supporting
the abutment foundations may occur at one or both of the bridge abutments depending on the site
conditions. For sites with potential washout conditions, the bridge should be investigated for the washout
condition that would produce the worst case unbalanced loading in the structure, provided that case is
feasible. This is often the case for strutted abutments where the passive resistance of the abutment
backfill material is crucial to the stability of the structure and a washout condition behind only one
abutment could lead to unbalanced loads and failure of the bridge.

For washout conditions at abutments supported on deep foundations, debris loads on the end bent piles
or shafts are not included in this analysis.

Scour Design
For scour depths associated with the design flood, (typ. 100-year flood or overtopping flood if it is more

frequent), the bridge design should be checked at both the Service and Strength Limit States (per
AASHTO Article 3.7.5). For scour depths associated with the check flood, (500-year flood or overtopping
flood if it controls), the bridge should provide adequate foundation resistance to support the unfactored
Strength Limit State loads (per AASHTO Article 10.5.5.3.2).
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Only the scour due to long term stream bed degradation is included in the seismic design of the bridge
(Extreme Event Limit State I).

1.1.4 Foundation Modeling (Foundation Springs)

In foundation modeling it is common practice to first assume translational and rotational fixity of the
foundation supports and perform a preliminary structural frame analysis. The resulting reactions are
checked against the factored resistances. This procedure underestimates global deflections but
establishes an upper bound for forces. This type of foundation modeling may be sufficient in certain
loading conditions, such as thermal expansion, where deflections are not a controlling factor in design
provided the forces are not excessive. However, under higher lateral loading conditions, such as
moderate to severe seismic loading, more accurate deflections and forces are desirable. Excessively
conservative design forces can be expensive to accommodate. In these cases, foundation springs are
typically used in the structural frame analysis. The computer program GT-STRUDL allows the use of
these springs. Foundation springs are typically equivalent linear springs representing the translational
(horizontal), axial (vertical) and rotational load-deflection behavior of a nonlinear soil response. The use
of foundation springs can significantly reduce the upper bound foundation reactions and more accurately
models the entire soil-structure interaction system. Nominal geotechnical resistances are typically used
with seismic loading conditions unless otherwise directed by the Foundation Designer. Factored
resistances are typically used for all other load combinations. Factored resistance is the nominal
resistance multiplied by the appropriate resistance factor.

1.14.1 General Modeling Techniques

There are three options for foundation modeling:
(Option 1) Fixed foundations
(Option 2) Fully coupled foundation spring model
(Option 3) Uncoupled translation and rotational springs

Option 1 fixes all foundation supports in the computer model. The resulting forces are simply compared
to the resistances stated either in the Foundation Report or as determined in this section of the design
manual. If the resulting forces exceed the resistances, foundation modeling using springs is
recommended.

Option 2 allows stiffness coupling for both shear and moment and also cross-coupling (off diagonal). This
option is not required for most problems. This option should be used for drilled shafts, trestle piles and
for some pile foundations where the piles are connected to the substructure or superstructure such that a
fixed condition exists. A massive footing with deeply embedded piles is an example. The method is
applicable to all types of foundations.

Option 3 is the most commonly used method to represent footing and piling flexibility. It is a simplified
version of the fully coupled spring model (Option 2) and is used in cases where there is no significant
moment transfer between superstructure and foundation elements. This option is appropriate for most
problems except as noted in Option 2 above. Use this option with vertical piling only. Battered piles
result in larger lateral stiffness, which this option does not presently address.
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1.1.4.2  General Procedures and Typical Values
The following guidelines are provided for Option 3 as general information, and are intended to be
supplemented with engineering judgment. Methods are presented for developing foundation springs,
including factored and nominal resistances, for the following foundation types:

e Abutments and wingwalls

e Spread footings

e Piles and pile caps
Foundation springs are typically nonlinear in form although some are represented in bilinear form. The
curve typically consists of an initial (straight line) stiffness followed by a nonlinear relationship leading up
to a nominal resistance. Various methods are used, depending on the type of spring, to develop the

entire nonlinear load-deflection curve (spring).

The procedures described in this section, and typical values, come from the following sources:

“Seismic Design of Highway Bridges”, Workshop Manual by Imbsen & Associates,
Inc., prepared for the FHWA, October, 1989.

o “Design and Construction of Driven Pile Foundations”, FHWA Workshop Manual,
Volume 1, December, 1996.

e Design Manual 7.2, “Foundations and Earth Structures”, Dept. of the Navy, May,
1982.

e “Foundation Analysis and Design”, (4th ed.) by Joseph E. Bowles.

e “Design Manual for the Foundation Stiffnesses Under Seismic Loading”, prepared for
Washington DOT by Geospectra, April, 1996.

o “Design Guidance: Geotechnical Earthquake Engineering For Highways”, Volumes |
& 1l; FHWA Report No. FHWA-SA-97-076-77, May, 1997.

o Pile capacity and stiffness work done by Bridge Engineering and Geotechnical Group
personnel in 1996 and 1997.

Standard Penetration Test (SPT) numbers presented in the Design Manual (“Nc” values) refer to “N”
values for granular soils corrected to an effective overburden pressure of 1 tsf. Uncorrected “Nc¢” values
should be used for cohesive soils. The Foundation Designer should be consulted for representative
values to use in these methods.
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(1) Abutments and Wingwalls: - Use translational springs in both the longitudinal and transverse

directions.

Translational Stiffness: The abutment translational stiffness should account for displacements resulting

Soil Backfill:

Piles:

from expansion joints associated with seat abutments.

Initial backfill stiffness, K; = 20 kips/in./ft. for both backwall and cap. Similar for
wingwalls transversely but discount one wingwall and use 2/3 of the remaining
one. The initial stiffness should be adjusted proportional to the backwall width
and height according to the following equation:

Kabut = Ki X Wy X (Hpu/5.5)
Where “W,," is the width of the backwall in feet and “H,," is the height of the
backwall in feet.

Refer to “Pile Supported Footings and Abutments” (Section 3) below. Generally
assume dense granular fill. Use pile translational stiffnesses in tables below for
loading conditions other than seismic. For seismic loading conditions, perform a
COM624P or LPILE analysis. Consult with the Foundation Designer to verify
COM®624P or LPILE soil properties.

Translational Capacities:

Soil Backfill:

The passive pressure resisting the movement at the abutment increases linearly
with the displacement up to a maximum pressure of 5.0 ksf. The maximum
passive pressure of 5.0 ksf is based on the ultimate static force developed in the
full scale abutment testing conducted at UC Davis [Maroney, 1995]. The
maximum passive force should be calculated using the following equation:

Prorce = How X Whw X 5.0ksf x (wa/55)
where:

Hyw = height of backwall and cap, feet.
W = width of backwall, feet

Similar for wingwalls transversely except discount one wingwall and use 2/3 of the remaining one.

Piles:

For seismic loading, use ultimate values derived from COMG624P or LPILE
analysis by comparing the maximum yield moment of the pile to the maximum
moment output from COM624P or LPILE. Take end slope and side slope effects
into account. Generally assume dense granular fill representing granular wall
backfill. This material should be present in the entire passive wedge area.
Consult with the Foundation Designer to verify COM624P or LPILE soil properties.
Use allowable pile capacities in tables below for loading conditions other than
seismic.
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1.1.4.2 General Procedures and Typical Values - (continued)

Translational Load-Deflection Curve:

Use the initial stiffness up to the capacity limit. The curve form is:

(2) Spread Footings: - Unless constructed on solid bedrock, use translational and rotational springs in
both the longitudinal and transverse directions. In general, footings keyed into a rock mass that has
an elastic (Young’s) modulus typically greater than 14,000 ksf (Unconfined Compressive Strength =
1000 psi) can be considered “fixed” against both rotation and translation. Consult with the
Foundation Designer to determine the compressibility of very soft or highly fractured bedrock
materials.

Translational and Rotational stiffnesses:

Use the equivalent circular footing formulas on the following pages with information from Table A, to
develop translational and rotational spring constants. Consult with the Foundation Designer for the
appropriate soil values to use in Table A.

SPT E Poisson’s G
“Nc”* (ksf) Ratio (v) (ksf)
Granular
V. Loose 4 300 .35 110
Loose 10 1000 .35 370
Medium 30 2000 .35 750
Dense 50 3000 .35 1100
Cohesive
Soft 4 400 .50 150
Stiff 8 1000 .50 350
Very Stiff 16 1500 .50 500
Hard 32 2000 .50 650
TABLE A

* “Nc” is the average of Nc values over a depth of 2B below the footing, (B = footing width).
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1.1.4.2 General Procedures and Typical Values - (continued)

(2) Spread Footings: - (continued)

Stiffness Calculations for Spread Footings:

Spring constants for rectangular footings are obtained by modifying the solution for a circular footing bonded
to the surface of an elastic half-space. The formula is as follows:

k=afK,

where:
k = initial stiffness (spring constant)
o = foundation shape correction factor; (from graph)

B = embedment factor, (from graph)
Ky = stiffness coefficient for the equivalent circular footing (see formulas in Table B below)

The stiffness term, Ky ,is calculated using the equations in Table B below:

Displacement Degree-of-Freedom Ko
Vertical translation 4GR/(1-v)
Horizontal translation 8GR/(2-v)
Torsional rotation 16GR%/3
Rocking rotation 8GR’/(3(1-v))

TABLE B: Stiffness coefficient, K, , for a circular footing at the ground surface

Note:
G = Shear Modulus (low strain range)
v = Poisson’s ratio for elastic half-space material
R = Equivalent footing radius as determined from the following equations:

EQUIVALENT RADII, R, FOR RECTANGULAR FOOTING SPRING CONSTANTS:

s /--X\
L v 2B \
Zvy R R

—ll—]:)— >y

RECTANGULAR FOOTING EQUIVALENT CIRCULAR FOOTING
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General Procedures and Typical Values - (continued)

(2) Spread Footings: - (continued)

Stiffness Calculations for Spread Footings: - (continued)

Shape Factor,q

1.20

Shape Factors For Rectanqular Footings

1.18 +

1.16 +

1.14 ¢

112 +

1.10

1.08

1.06 +

1.04

1.00

4
1.02 8

//
//

1.00

1.50 2.00 2.50 3.00 3.50 4.00 4.50
L/B
—m— Horizontal Translation (X-Direction) —e— Horizontal Translation (Y-Direction)
—x— Rocking X-axis —x— Rocking Y-axis
—a— Vert.Trans. (Z-Direction) —e— Torsion Z-axis

Embedment Factor, g
Translational (vertical and horizontal)

Embedment Factors For Footings, B

3.00 ¢ 790
2751 /./' 180
250 / 7.0
22571 160
2.00 1 150
175 4 // 140
. 3.0
120
‘ ; 1.0

15 2 25
D/IR
—a— Horizontal (left axis) —e— Vertical (left axis) —— Torsional (right axis) —— Rocking (right axis)

B

Torsional and Rotational
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1.1.42 General Procedures and Typical Values - (continued)

(2) Spread Footings: - (continued)

Stiffness Calculations for Spread Footings: - (continued)

EQUIVALENT RADIUS:

4BL
TRANSLATIONAL: R= |—
T

— 1
(28)21y " o
ROTATIONAL: R= 3— ; for x-axis rocking
T
— 1

28y20) ]
R= % ; for y-axis rocking
V4

a SR/
ABL(AB> +4I%) |
o6r

; for z-axis torsion

Translational Capacities:

The use of the following values depends on the footing construction method (i.e. formed with backfill
material or poured against undisturbed material). Only the passive resistance developed from the
front face of the footing, combined with the shear resistance along the footing base, is considered.
Column and footing side resistance is neglected. Consult with the Foundation Designer for
recommended soil properties, groundwater levels and proper effective unit stress to use in the
analysis. Scour effects should also be considered.

Use the values from Table C in the general formula:
Force Capacity = (Kp x effective unit stress x footing face area)
+ (Su x footing face area) + (u x support reaction)

+ (Su x footing base area)

Use appropriate components depending upon soil type. Consult with the Foundation Designer for the
appropriate soil values to use.

Note: Effective Unit Stress = (Buoyant Unit Weight x Depth to middle of footing)
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1.1.42 General Procedures and Typical Values - (continued)

(2) Spread Footings: - (continued)

Stiffness Calculations for Spread Footings: - (continued)

Translational Capacities: - (continued)

SPT STATIC CAPACITY Total
“Nc” Unit Wt.
(k/t%)
Granular Kp Su (ksf) u
V. Loose 4 2.7 0 .34 0.090
Loose 10 3.0 0 40 0.100
Medium 30 3.7 0 A7 0.115
Dense 50 4.6 0 .56 0.120
Cohesive
Soft 4 - 0.5 - N.A.
Stiff 8 - 1.0 - N.A.
Very Stiff 16 - 2.0 - N.A.
Hard 32 - 4.0 - N.A.
TABLE C

Deflection required to fully activate capacities (Anax):

Granular:
Loose .06H
Dense .02H
Cohesive:
Soft .04H
Stiff .02H

H = Soil surface to middle of footing depth

Specific applications may require the use of less than the full capacity due to deflection restrictions.

Rotational Capacities:

The rotational capacity is typically determined by comparing the total footing pressure, including the
overturning moment, to the factored bearing resistance provided in the foundation report, unless
otherwise directed by the Foundation Designer. The bearing resistance of footings with overturning

moments and eccentricity are determined using “effective” footing dimensions.
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1.1.42 General Procedures and Typical Values - (continued)

(2) Spread Footings: - (continued)

Stiffness Calculations for Spread Footings: - (continued)

Translational Load-Deflection Curve:

The following equation may be used in conjunction with the translational stiffnesses and capacities
for developing a translational load-deflection curve for spread footings and pile caps.

A
1 s A
- X ——
k max ' Pult

where: P = Load at deflection A
Put = Ultimate passive force (neglect base shear for pile caps)
Kmax = Initial stiffness
R; = Ratio between the actual and the theoretical ultimate force. R;can be
determined by substituting A s« from the previous section for A and P for P in
the above equation and solving for R;.
A = Translational deflection, inches

P=

An example of the use of this equation is given below. This graph represents the form of the equation
only.

PILE CAP STIFFNESS
700
—
600 +
& 500
£
S 400 +
[e]
'R
© 300 +
=
1]
@ 200 |
a
100
0 t t t 4 t t
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
Translational deflection, inches

Rotational Load-Deflection Curve: Use the initial stiffness up to the capacity limit. The curve form is:
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1.1.42 General Procedures and Typical Values - (continued)

(3) Pile Supported Footings - Use translational and rotational springs for pile supported footings in
both the longitudinal and transverse directions. This approach is recommended in cases where
seismic loading is the controlling factor in the structural frame analysis. Springs may also be used to
model pile supported footings in non-seismic conditions at the designer’s discretion. Nominal
resistances may be used for both nonseismic and seismic design conditions unless otherwise
recommended by the Foundation Designer.

In cases where seismic loading is not the maximum group loading for the structure, the stiffnesses
and nominal lateral resistances given in the following tables are acceptable for most design cases,
provided the site conditions generally satisfy the assumptions made in developing these values. In
general, for soils with “Nc” values less than 4, the pile translational stiffness should be evaluated
using the COM624P or LPILE programs and the Foundation Designer should be consulted for
further guidance.

The use of battered piles is generally discouraged due to the greatly increased stiffness contribution
from the battered piles. This in turn can result in excessive battered forces and induce undesired or
unrealistic uplift forces in adjacent piles. In lieu of battered piles, it is recommended to use vertical
piles throughout the footing.

Refer to the seismic design example problem for further clarification.

Translational Stiffnesses:

Normally the translational stiffness should include the lateral pile stiffnesses (total pile group
stiffness) plus the passive soil stiffness on one side of the footing. Typically, a single lateral pile-
head stiffness is estimated from either the pile-top, load-deflection curve generated by LPILE or
COM®624P program output or from pile stiffness values given in the following tables. This single pile-
head stiffness is then multiplied by the number of piles in the group and the resulting group stiffness
value is then multiplied by a group reduction factor depending on pile spacing. Instead of using a
group reduction factor, pile group effects may also be accounted for using p-y curve multipliers as
described under “Pile Group Reduction Factors and p-y Multipliers”. These multipliers are included
in the LPILE program but not in the COM624P program.

Pile cap, or footing, stiffnesses should be developed using the methods described under “Spread
Footings”, except the soil stiffness contribution along the base of the pile cap should be neglected.
This is accomplished by calculating the stiffness of the pile cap (footing) at the ground surface (D =
0) and subtracting this value from the stiffness calculated for the embedded pile cap footing. The
resulting stiffness curve is then combined with the pile group stiffness curve as described in
“Translational Load-Deflection Curve”.

Seismic Controlled Loading Condition — Extreme Event Limit State

The pile-head translational stiffness curve is generated using the COM624P or LPILE program using
soil input parameters supplied by the Foundation Designer. Pile head boundary conditions (fixed,
free or fixed-translational) must be assigned by the designer. Refer to the FHWA publication
“COMG624P - Laterally Loaded Pile Analysis Program for the Microcomputer”, Version 2.0, FHWA-
SA-91-048 or the LPILE Plus computer program manuals. This method is shown in Figure 1, on
Page 1-38.
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1.1.42 General Procedures and Typical Values - (continued)

(3) Pile Supported Footings - (continued)

Non-seismic Loading Conditions
For non-seismic loading conditions the following pile stiffnesses may be used provided the site
conditions generally satisfy the assumptions given below.

Pile Translational Stiffnesses (k/in):

Axis - SPT HP 10x42 HP 12x53 HP 12x74 HP 14x89 HP 14x117
W=Weak | “Nc”
S=Strong *
Granular W S W S W S W S W S

V. Loose 4 5 8 6 10 7 11 9 13 10 14

Loose 10 12 14 12 18 14 20 16 24 18 24
Medium 30 16 20 18 27 20 30 25 38 28 41
Dense 50 25 34 29 44 31 46 40 61 44 64

Cohesive
Soft 4 2 2 2 3 2 3 3 4 3 4
Stiff 8 4 6 5 7 6 8 7 9 7 9
Very Stiff 16 8 10 9 12 10 13 12 15 12 16
Hard 32 14 19 17 22 18 24 21 27 23 30
Pipe SPT 12x0.25 | 12x0.38 | 16x0.38 | 16x 0.50 | 24x 0.38 24x 0.50
Piles “Nc™
Granular
V. Loose 4 7 8 11 12 20 22
Loose 10 14 15 20 21 33 37
Medium 30 20 23 29 34 48 57
Dense 50 32 37 46 54 81 87
Cohesive
Soft 4 2 3 3 3 4 4
Stiff 8 6 7 8 9 11 12
Very Stiff 16 10 11 13 14 18 18
Hard 32 18 20 24 26 34 36
Prestressed SPT 127 147 16”
Piles “Nc™ prest. prest. prest.
Granular
V. Loose 4 8 8 11
Loose 10 12 14 19
Medium 30 22 24 28
Dense 50 34 38 45
Cohesive
Soft 4 3 3 3
Stiff 8 7 7 8
Very Stiff 16 12 12 14
Hard 32 22 23 26
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1.1.42 General Procedures and Typical Values - (continued)

(3) Pile Supported Footings - (continued)

Typical Example
Top of Pile Load-Deflection Curve
(Translation Spring)

TG COM624P OUTPUT 5000,
90.00 4500
wad Load-Deflection Curve Il o

- - - —f
70.00 - 1 3500
2 . o
2 go00 L Pult = 60 kips oo
T =
& Maximum Moment Curve X
9 50.00 L o . 72500 .
3 My=2064 in-kips (Plastic Hinge Capacity) =
o 40.00 2000 g
§ Enter with My, find intersection =
30.00 with Max. Moment Curve, r 1500
project to Load-Deflection
20.00 ; ———1 1000
Curve to establish Py., and
o 10004 note corresponding Lateral T 500
ual A =1.3" .
g L A= e Deflection
S o000 . . . . . . ! ‘ ‘ 0
2 0 05 1 15 2 25 3 35 4 45 5
Lateral Deflection, inches
(At Pile Head)

Translational Capacities:

The base shear resistance of pile supported footings, or caps, is typically not included in calculating
the nominal passive resistance. The same equation used for determining the nominal translational
capacity of footings should be used for pile caps, neglecting all base shear resistance. The nominal
passive resistance of pile caps can be used for both seismic and nonseismic design conditions.

For nonseismic loading conditions the following nominal resistances in the following table may be
used provided the site conditions generally satisfy the assumptions given below the table.
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Pile Supported Footings - (continued)

Nominal Pile Translational Resistances (kips):

General Procedures and Typical Values - (continued)

H-piles SPT HP HP HP HP HP
W=Weak “Nc™* 10x42 12x53 12x74 14x89 14x117
S=Strong
Granular W S W S W S W S W S
V. Loose 4 12 | 21 | 14 | 25 25 43 29 50 41 69

Loose 10 13 | 23 | 16 | 27 28 48 33 55 46 82

Medium 30 16 | 26 | 17 | 31 31 53 37 62 51 86

Dense 50 17 | 29 | 20 | 34 34 59 41 69 57 93
Cohesive

Soft 4 16 | 25 | 17 | 28 29 47 34 53 45 69
Stiff 8 20 | 34 | 22 | 37 38 63 43 70 59 94
Very Stiff 16 24 | 43 | 25 | 47 49 83 55 90 76 122
Hard 32 30 | 54 | 29 | 58 58 104 63 113 92 155
Pipe SPT 12x0.25 | 12x0.38 | 16x0.38 | 16x 0.50 24x 0.38 24x 0.50
Piles “N¢™*
Granular
V. Loose 4 22 29 43 52 85 103
Loose 10 25 32 48 57 95 113
Medium 30 29 37 54 65 107 130
Dense 50 31 41 60 71 118 143
Cohesive
Soft 4 26 34 46 55 82 98
Stiff 8 34 44 60 72 104 126
Very Stiff 16 42 56 74 91 130 158
Hard 32 50 69 91 110 151 187
Prestressed SPT 12" 14” 16"
Piles “Nc™ Prest. prest. prest.
Granular
V. Loose 4 12 16 23
Loose 10 15 18 25
Medium 30 18 20 29
Dense 50 20 23 31
Cohesive
Soft 4 18 19 25
Stiff 8 22 23 31
Very Stiff 16 27 27 36
Hard 32 29 29 43

The "Nc” values to use are the averaged

10D).
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1.1.42 General Procedures and Typical Values - (continued)

(3) Pile Supported Footings - (continued)

The above translational stiffnesses and allowable capacities are based on the Broms’ method
and the following assumptions:

Free head condition, no applied moment

Pile top at the ground surface

Level ground surface

One, uniform soil layer with uniform soil properties

No groundwater

Static loading, no cyclic soil degradation

Constant pile properties and dimensions

Stiffnesses are for first 2 inch deflection (initial secant modulus)

Values are for “long” pile conditions and minimum pile embedment depths are
required. If pile lengths are less than 75% of the assumed penetration lengths
below, a separate Broms’, COM624P or LPILE analysis is required.

“Nc” Assumed Length
Granular 4 55’

10 50’

30 40’

50 35’
Cohesive 4 55’

8 50’

16 40’

32 35’

The Foundation Designer should be consulted for piles installed in conditions outside of the above stated
assumptions and/or a COM624P or LPILE analysis should be performed.

For seismic design conditions, the maximum moment capacity of the pile (My) must be calculated separately
and compared to the COM624P or LPILE output to determine the nominal lateral resistance and associated
deflection. An example is shown in Figure 1, on Page 1-38.

Translational Load -Deflection Curve:

Translational Load Nonseismic - Deflection estimates for piles designed under nonseismic
conditions should be determined using the initial pile stiffness values given in the above tables
extended up to the nominal pile resistance (bilinear curve). This curve, representing the pile
group, is then added to the load-deflection curve developed for the pile cap. A COM624P or
LPILE analysis may also be used as described below if so desired.

Translational Load Seismic - Deflection estimates for seismic design conditions are determined
from the composite load deflection curves developed by combining the pile group stiffness from
the COM624P or LPILE analysis with the stiffness contribution from the pile cap. An example of
this procedure is provided in the section on “Load-Deflection Curves, Stiffness Iteration Analysis
and Capacity Checks”.
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1.1.42 General Procedures and Typical Values - (continued)

3)

Pile Supported Footings - (continued)

Pile Group Reduction Factors and p-y Multipliers:

The p-y multiplier approach, utilizing the LPILE program, is recommended to evaluate the
response of a pile group subjected to lateral loads. The p-y multipliers are applied to standard p-y
curves to account for pile group effects._P-y multipliers are included in the LPILE program. The
multipliers are dependent upon the soil type, soil density or consistency and pile spacing. The
Foundation Designer should be consulted for the procedures to use in this design approach.

For nonseismic loading conditions, an alternative approach using the group reduction factors
listed in the table below may be used. This table is for use with pile groups installed in cohesive
soils only. No reduction factor is required for pile groups in cohesionless soils regardless of pile
spacing or contact between the pile cap and the ground.

Pile Spacing Reduction
(parallel to translation Factor
direction)
5 x Pile Diameters 1.0
3 x Pile Diameters 0.75

Note: Use linear interpolation between pile spacings of 3D and 5D.

Rotational Stiffnesses:

Normally the rotational stiffness should only include the moment versus rotation stiffness from the
pile group. The pile cap is usually considered rigid in this analysis and no additional stiffness due
to soil bearing at the base of the pile cap/footing is included. Therefore, the rotational stiffness of
pile caps is simply a function of pile axial compression and the pile group layout. See the
example problem in the Bridge Example Designs notebook for more details. Static formulas for
pile compression are typically used. The computer program APILE2 may also be used for a
more detailed analysis of the predicted load-deflection behavior of a single, axially loaded pile.
This program takes into account unusual soil conditions and the nonlinear aspects of pile-soil
interaction. The Foundation Designer should be consulted for axial pile stiffnesses using the
APILE2 program.

The following formulas for axial pile stiffness may be used in developing rotational stiffnesses for pile
supported footings. For friction piles, the APILE2 program may also be utilized to better model axial stiffness
when axial loads are greater than about half of the nominal resistance of the pile.

End bearing pile: | Friction piles:
AE 2AE
Ky=—- Kyv=——
L L

with:  Kv = Axial Pile Stiffness (kN/mm)
A = Area of pile normal to load
L = Length of pile
E = Young’s Modulus of Pile Material
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1.1.42 General Procedures and Typical Values - (continued)

(3) Pile Supported Footings - (continued)

Rotational Stiffnesses: - (continued)

Compute the rotation stiffness (M vs. &) for a pile group as follows:
Assume a pile head deflection for the pile farthest from the pile group centroid.

Using the appropriate relation from above, determine the pile force accompanying this assumed
pile head deflection. Prorate the other pile forces by their location relative to the group centroid.
Piles on one side of the centroid will have positive forces and piles on the other side will have
negative forces (uplift).

Determine the pile group moment by summing the product of the pile force and the pile-to-group
centroid distance for all piles. This is the moment (M) required to rotate the footing through an
angle of &. Determine the angle & as the arctan of the assumed extreme pile head deflection
divided by the pile-to-centroid distance.
The relation of M to & is the initial rotation stiffness.
Rotational Resistances:
For pile supported footings, compare computed pile loads to nominal axial pile
resistances for seismic cases and to factored axial pile resistances for nonseismic cases,

unless otherwise recommended by the Foundation designer.

Rotational Load-Deflection Curve:

Use the initial stiffness up to the resistance limit. The curve form is:
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1.1.42 General Procedures and Typical Values - (continued)

4)

Load-Deflection Curves, Stiffness Iteration Analysis and Capacity Checks: - Using the previous
information one develops a composite load-deflection relationship for each applicable support
spring. Next, an initial spring constant is assumed, the structure and loading analyzed and the
resulting load-deflection position compared to the initial assumption. Cycling through this process
may be needed to achieve reasonable closure. See the graphical explanation below.

It is also necessary to check the required resistance against the factored or nominal resistance.
Resistance factors of 1.0 are typically used in the case of seismic design, however this should be
verified by the Foundation Designer. Factored resistances are used for all other cases. For the
rotational capacity, this is normally done by checking the resultant forces against the maximum
(nominal), effective soil bearing resistance (footings) or nominal pile resistance.

For lateral pile resistances, the nominal resistance is either the maximum determined from the
LPILE analysis (based on My of the pile for seismic design), or from the tables. The nominal
resistance may also be a function of maximum allowable structural deflections. If the limiting
resistance is exceeded when using the initial spring coefficient then modified springs are required as
shown in the graphical explanation below.

Composite Pile Cap and Group Pile
Load Deflection Curve (sum of both

curves)
\ Pile Cap Load-Deflection Curve

Pile Group P-A Curve truncated due to

buckling failure
Pile Group Load Deflection Curve

FORCE

DEFLECTION

Development Composite Load - Deflection Curve
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1.1.42 General Procedures and Typical Values - (continued)

4) Load-Deflection Curves, Stiffness Iteration Analysis and Capacity Checks: - (continued)

Initial Spring Constant, (trial 1)
F,anal.(1) (exdeeds resistance by >20%; % >1.20

F,anal.(2) - // X //v\/
F C

omposite Load-Deflection Curve
LOAD

Output from Trial 2 (acceptable, @ <1.20)
B

Modified Spring Constant, (input for trial 2)

DEFLECTION

Spring lteration Process and Resistance Checks
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1.1.4.3 Drilled Shaft Modeling (Fully Coupled)

Programs M-STRUDL and COM624 or LPILE can be used in an iterative approach to model a drilled shaft
supported structure. The approach is to determine the approximate force magnitudes for the controlling
loading and then use these forces to develop a better representation of the superstructure/shaft/soil
problem. This allows a good approximation of soil stiffness non-linearity as well as the non-linearity of the
shaft-soil interaction.

The following steps would be typical for drilled shaft modeling for design and checking:

1. Develop a full M-STRUDL model (superstructure with substructure) using shatft fixity at two shaft
diameters below the groundline. Using the model, run the controlling load case--typically seismic
loading will be the controlling case and the worst effect, either longitudinal or transverse, will be
used for the next steps.

2. . Develop COM624 or LPILE models (shaft with soil) for each bent using the full shaft from its tip
to its connection to the superstructure.

3. Using the top of shaft shear and moment results from the first M-STRUDL, load the COM624 or
LPILE models to develop a stiffness matrix for each shaft. This represents a condensing of the
substructure/soil effect to the point of connection with the superstructure. The LPILE program
can develop a stiffness matrix for you.

4. Develop a new M-STRUDL model using only the superstructure and supports represented by the
COM624 or LPILE developed substructure stiffness matrices. Run the same controlling load
case.

5. Use the top of shaft shear and moment results from this latest M-STRUDL to again load the
COM®624 or LPILE models to develop new substructure stiffness matrices.

6. Use the latest M-STRUDL model with the most recent substructure stiffness matrices and again
run the same controlling load case.

7. Compare the results of this M-STRUDL with the previous M-STRUDL run for correlation. If the
results do not correlate well, cycle through steps 5 and 6 to get better convergence. Results

which change no more than 15% per cycle are normally sufficiently close and further cycling is
not required.

A sample problem using this approach is in shown in the Bridge Example Designs Notebook.

1-72



Bridge Design and Drafting Manual 2004
Oregon Department of Transportation

1.15 Foundation Design

Foundation design should be performed in accordance with the most current version of the AASHTO LRFD
Bridge Design Specifications. Foundation design should also follow the policies and guidelines described in
the ODOT Geotechnical Design Manual, available through the ODOT Geo-Environmental Section web

page.

FHWA foundation design manuals are also acceptable methods for use in foundation design. Subsurface
investigations for all structures should be conducted in accordance with the AASHTO Manual On
Subsurface Investigations (1988). Materials classifications should be in accordance with the ODOT Soil and
Rock Classification Manual (1987).

1151 Foundation Design Process

A flow chart showing the overall foundation design process, related to plans development, is provided in
Figure 1.1.5.1A below. It is important for the Foundation and Bridge Designers to establish and maintain
good communication and exchange of information throughout the entire bridge design process. Any
questions regarding foundation design issues should be brought to the attention of the Foundation Designer
as early as possible in the design process. For most typical bridge design projects two Foundation Reports
are provided, the TS&L Foundation Design Memo and the Foundation Report. A description of the phases
follows.

BRIDGE DESIGN PROCESS AT 0%, 30% AND 90%

0% 30% 90% 100%

Minimum 12 weeks 60% 10%

BRIDGE TS&L PHASE

BRIDGE PRELIMINARY DESIGN PHASE

ADVANCE
Min 8 Min 4
weeks weeks FINAL
PRELIMINARY

FOUNDATION
RECOMMENDATION

MATCH

MATCH

FINAL FOUNDATION DESIGN & REPORT I MYLAR

Starts when bent locations and alignments are known.
R/W, permits and access can delay drilling start-up

Ends at Bridge Preliminary Design Phase —»

MATCH

Figure 1.1.5.1A
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1151 Foundation Design Process - (continued)

(1) TS&L Foundation Design Memo — The purpose of this memo is to provide sufficient data for
developing TS&L plans and cost estimates and for permitting purposes. The memo is generally provided
before the subsurface investigation is completed. It provides a brief description of the proposed project, the
anticipated subsurface conditions (based on existing geologic knowledge of the site and/or as-built
information) and presents preliminary foundation design recommendations such as foundation types and
preliminary resistances. The potential for liquefaction and associated effects are also briefly discussed. The
memo is to be provided no later than two-thirds of the way through the TS&L design process.

(2) Foundation Report — This report is to be provided by the end of the Preliminary Bridge Design phase,
which is usually 90% design. It provides the final foundation design recommendations for the structure and
a Foundation Data Sheet for each structure. In order to conduct a proper foundation investigation and
complete this report the Foundation Designer will need the following information:

Bent locations and layout

Proposed roadway grade (fill heights)

Anticipated foundation loads

Foundation size/diameter and depth required to meet structural needs.

Allowable structure settlements (total and differential)

Proposed retaining wall locations

Estimated scour depths (from Hydraulics Report)

Construction or Environmental constraints that could effect the type of foundation
selected.

The report will contain the all geotechnical data on the site including final boring logs, Foundation Data
Sheets, laboratory test results, foundation soil design parameters, recommended foundation types, sizes
and resistances, and other recommendations. Construction recommendations are included along with
project specific specifications, which are to be included in the contract Special Provisions. Seismic
foundation design recommendations are provided including site characterization and soil coefficients,
estimated ground acceleration and any liquefaction mitigation measures considered necessary (See Section
1.1.10).

The Foundation Designer should review the final Plans and Special Provisions for the structure to make sure
they are consistent with the design recommendations provided in the Foundation Report. Any discrepancies
should be resolved and Addendums to the report issued if necessary. A copy of the Foundation Report
should be included in the project file and is made available to contractors through the Project Manager's
Office when the project is advertised for bid.

1.15.2 Bridge Foundation Records

“As-constructed” records on existing bridge foundations may be found in the Salem Bridge Engineering
Office from the following sources:

Pile Record Books

“As-constructed” Bridge Plans (available through ODOT intranet)
Microfilm Construction Records

Bridge Maintenance Files
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Spread Footing Foundation Design

Spread footings are considered early on in the design process as a possible economical foundation option if
the foundation conditions are suitable. The design of spread footings is usually an interactive process
between the foundation and structural designers. The bottom of spread footings should be at least 6 feet
below the bottom of the streambed unless non-erodable bedrock is present. The bottom of spread footings
should also be below the estimated depth of scour for the 500 year flood event. The top of the footing
should be below the depth of scour estimated for the 100 year event. Spread footings are not to be
constructed on soils that may liquefy under earthquake loading. If spread footings are recommended the
foundation designer will provide the following design recommendations in the Foundation Report:

@)

()

3)

Footing Elevations — The elevations of the proposed footings will be provided along with a clear
description of the foundation materials the footing is to be constructed on.

Nominal and Factored Bearing Resistances — The nominal and factored bearing resistances
will be provided for various effective footing widths likely to be used. For scour conditions the
following resistance factors should be used unless otherwise justified.

100-yr scour or Overtopping Flood: 0.70
500-yr scour or Overtopping: 1.0
Extreme Event Limit | (Earthquake Loading): 1.0

Bearing resistances corresponding to 1 inch of settlement (Service Limit State) should also
typically be provided unless other settlement limits are established by the structural designer. The
structural designer should communicate all footing settlement limits to the Foundation Designer.
For soil conditions, the bearing resistances provided assume the footing pressures are uniform
loads acting over effective footing dimensions B’ and L’ (i.e. effective footing width and length ((B
or L) -2e) as determined by the Meyerhof method. For footings on rock, the resistances provided
assume triangular or trapezoidal stress distribution and maximum toe bearing conditions.

Minimum footing setback on slopes and embedment depths will be provided.

Sliding Stability and Eccentricity - The following soil parameters will be provided for calculating
frictional sliding resistance and active and passive earth pressures.

Soil Unit Weight, y (soil above footing base)
Soil Friction Angle, ¢, (soil above footing base)
Active Earth Pressure Coefficient, Ka

Passive Earth Pressure Coefficient, Kp
Coefficient of Sliding, tan &
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1153 Spread Footing Foundation Design - (continued)

(4) Overall Stability — The foundation designer will evaluate overall stability and provide the maximum
footing load which can be applied to the design slope while maintaining a factor of safety of at least
1.5 (1.0 for extreme event conditions).

1.154 Pile Foundations

If spread footings are unsuitable or uneconomical for foundation support, driven piles should be considered.
Consult with the foundation designer to determine the most appropriate pile type, size and bearing
resistance to support the desired pile loads. Typical pile types, sizes and factored resistances used on
ODOT projects are listed below. The factored resistances provided are based on the factored structural
resistance of the pile and are for use in preliminary design. The Foundation Designer should verify these
resistances for final design and provide the nominal resistances required to achieve the factored resistance.

Steel and Timber Piling

TYPE TYPICAL PILE BEARING RESISTANCE ( tons )

FACTORED

RESISTANCE

TIMBER PILES

Treated (untreated) timber .............. 42

STEEL PILES

HP 10X42 ... 85

HP 10X57 ...ooeieieceeeeeeee 110

HP 12X53 ..o 110

HP 12XT74 oo 160

HP 14XT73 ..o 150

HP 14X89 .....cceviveeeeeeeee 180

HP 14X117 o, 240

PIPE PILES

PP 12.75 X 0.375 ....coooviieeeee 110

PP14.0x0.438......cccovvvvvirienen. 130

PP 16.0 X 0.500 .......cccevvvrrerrnnnen. 170

PP 20.0 X 0.500 ......ccccveiveiirerennne. 215

PP 24.0x0.500.....cccccceiieieennnnne. 265
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1154 Pile Foundations - (continued)

Precast Prestressed Piling - see Drawing 43308.

The bending resistance of precast prestressed concrete piles is much less than steel piles of comparable
bearing resistance. If seismic loads and lateral resistance are a concern, precast prestressed piles should
normally not be used. If they are desired, either for aesthetic or corrosion considerations, a special pile
design for each project will be necessary. If this is the case, notify the Foundation Designer as soon as
possible so concrete piles can be considered in the foundation analysis and report.

Where precast prestressed piles are used as columns, see Design Procedures for Pretensioned
Prestressed Concrete Bearing Piles and Sheet Piles by T. Y. Lin.

Drawing 43308 permits the use of a prestress force yielding a final concrete stress of 700 to 1000 psi
depending on the range of stress that best suits handling needs. For example, a short pile requires less
stress than a long pile for pickup and handling so the required number of strands could be fewer.

This change could affect the capacity of the pile if it is used as an unsupported column. If a stress greater

than 700 psi is needed for your design, add a note to the plans requiring the contractor to use the
appropriate prestress force.

Piling Considerations

(1) Pile Resistance — Nominal pile resistances will be provided according to AASHTO LRFD design
procedures. The resistance factor will be provided according to the construction quality control
method recommended in the Foundation Report (i.e. dynamic formula, wave equation, Pile Driving
Analyzer, etc.). The foundation and bridge designers should confer to make sure the pile types
and sizes selected take full advantage of the available geotechnical and structural resistances if
possible.

(2) Downdrag Loads —  Pile downdrag loads, due to soil settlement other than that caused by
dynamic (seismic) loading, are added to the factored vertical dead loads on the foundation in the
Strength Limit state. Load Factors for downdrag loads will be recommended by the Foundation
Designer. Transient loads should not be included with the downdrag loads in either the strength or
service limit state calculations. Downdrag loads resulting from liquefaction or dynamic
(earthquake) induced soil settlement should be considered in the Extreme Event limit state pile
design. Downdrag loads resulting from soil liquefaction are different than those caused from static
loading and they should not be combined in the Extreme Limit state analysis.

At sites where downdrag conditions exist, the pile must overcome the frictional resistance in the
downdrag zone during installation. This resistance should not be included in the calculation of
available factored resistance since after installation it reverses over time becoming the static
downdrag load.
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Pile Foundations - (continued)

Piling Considerations - (continued)

3)

(4)

(%)

(6)

(7)

Uplift Capacity —In general, the uplift resistance is the same as the pile friction (side) resistance.
Resistance factors and factored uplift resistances will be provided in the Foundation Report.
Friction resistance in downdrag zones should be considered available for uplift resistance. The
Foundation Designer should be consulted regarding the ability of the piles to resist uplift forces
under various loading conditions (static or dynamic).

Minimum Pile Tip Elevation — Minimum pile tip elevations (embedment depths) are typically
required to meet one or more of the following design requirements:

a) Lateral Load

b) Scour

¢) Liquefaction

d) Uplift loads

e) Settlement and/or Downdrag

f)  Required soil/rock bearing strata.

The required pile tips elevations should be shown on the plans and labeled as “Required Pile Tip
Elevations”. Large lateral loads due to seismic, or other, conditions may result in the need for
additional piling, or larger piles, in order to satisfy lateral deflection criteria or other requirements.
This may in turn result in individual axial pile loads being much less than the maximum factored
resistances available (either geotechnical or structural). Conversely, if pile tip elevations are
needed to meet scour, uplift, or other requirements, the piles may need to be driven through very
dense materials to nominal resistances much higher than needed for supporting just the axial
loads. Close communication is needed between the Foundation and Bridge Designers to
determine the most economical foundation design under these conditions.

Pile Group Settlement — Pile group settlement should be compared to the maximum allowable
settlement and pile depths or layout adjusted if necessary to reduce the estimated settlement to
acceptable levels.

Pile Group Effects - For pile group lateral load analysis use the p-y multiplier methods described
in AASHTO and the FHWA Manual on the “Design and Construction of Driven Pile Foundations”.

Pile Spacing — Use a minimum spacing of 3’ for piles placed underwater. Above water pile
spacing should be no closer than 2.5B.
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1154 Pile Foundations - (continued)

Piling Considerations - (continued)

(8) Pile Tip Treatment - Where pile tip reinforcement is required, specify commercial cast steel points
or shoes. Where closed-ended pipe piles are required, specify a welded plate the same diameter
as the pipe pile. See the Figure 1.1.5.4A below for pipe pile tip details.

Pile diameter

|
|
%" backup bar — |

|
Thickness to be defefm/’nedJ Pt’/e 0.D. TC}MC
| | TC-U4c-F

Plate at bottom of pile (A36)J

PIPE PILE (CLOSED ENDED)

Figure 1.1.5.4A
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Pile Foundations - (continued)

Piling Considerations - (continued)

(9) Pile Foundation Desigh Recommendations — The Foundation Designer will provide final
foundation recommendations in the Foundation Report, or earlier in the design process as needed.
The following recommendations will typically be provided as a minimum:

a)

b)

c)

d)

Pile Resistance: The nominal pile resistances (Rn)) will be provided along with estimated
pile lengths for one or more pile types. These values may be in tables or graphs of Rn
versus depth may be provided. Modified Rn values will be provided as necessary to
account for scour, and/or liquefaction conditions. The resistance factor will be provided
along with the recommended method of construction control_(i.e. dynamic formula, wave
equation, etc.). Downdrag loads, if present, will be provided along with an explanation of the
cause of the downdrag loads. The depth or thickness of the downdrag zone will be
provided.

The nominal pile uplift resistance will be provided either as a function of depth or for a given
pile length (typically associated with the minimum tip elevation). The pile uplift resistance
will be provided for normal static conditions and for any reduced capacity condition such as
scour or liquefaction. The resistance factor will be provided.

P-Y Curves: Foundation design parameters will be provided to develop p-y curves for
lateral load analysis using either the COM624 or LPILE computer programs. Two sets of
data may be required, one for static conditions and one for dynamic (liquefied soil)
conditions.

Required Pile Tip Elevations: Required pile tip elevations will be provided along with an
explanation of their basis. These tip elevations (minimum pile embedments) should be
checked to see if they need to be modified to meet other design requirements, such as
lateral loading requirements. Any changes to the recommended required tip elevations
should be reviewed by the Foundation Designer.

Special Provisions: The following foundation related items will be provided, as necessary,
for Section 00520 of the project Special Provisions:

i. Wave Equation Input (if WEAP is specified for driving criteria)
i. Recommended number of pile splices
ii. Pile tip treatment, tip reinforcement recommendations and specifications
iv. Recommendations regarding pile freeze, jetting, preboring or use of followers.
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1154 Pile Foundations - (continued)

Piling Details

(1)  Steel Pile Footing Embedment to Develop Fixity - It may be necessary to develop lateral load
resistance in piles or pile groups. To develop the required lateral load capacities, piles must be
embedded in pile caps or footings adequately to develop the full moment capacity of the pile section.

If lateral load capacity is not needed, a pile embedment length of 12 inches is sufficient.

A simplified method of determining minimum pile embedment was developed as follows:

Mup

¢ feD/L x3L - L xL
2 4 2 4

Mup = ¢ Fe D 1% (3 Up)

L2

L/2 Mup = ¢ Fie D LF

L = [4Mup
grcD

J\F

Figure 1.1.5.4B

Typical minimum embedment to develop fixity for fc = 3.3 ksi and f, = 36 ksi is:

Piles: Minimum Embedment
HP 10X42 and HP 12x53 20”
HP 12X74 and HP 14X89 24"
HP 14X117 27"
PP 10% X 0.38 and PP 12 3%, X 0.38 15”
PP 16 X 0.38 and PP 16 X 0.50 20”
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1154 Pile Foundations - (continued)
Piling Details - (continued)
(2) Pipe Pile Cover Plates - Provide a welded cover plate as detailed below in Figure 1.1.5.4C.

| _Pile diameter |

Pipe FPile cover plate v
(ASTM A36) z
. Pile cut-off to provide uniform
m\wi bearing, grind as required,
, | - maximum /" gap.
Y
SR
|
IR R
e
i
D = pile dia.
Note:

Use for piles 18" diameter or less. For
larger piles, design the plate thickness.

PIPE PILE (CLOSED ENDED)

Figure 1.1.5.4C

(3) Steel Pile Splices - If splicing of steel piles is anticipated, show one or both of the following details on
the plans.

Weld access hole
per fig.5.2 AWS DI.1
B-U5a N

N
S
=
Qlw B-U4a %
1 | |
T?] I %:::E
]%Max. L Run Jpx 115" | \
backer past flange |
(1/2 thickness of | |
Flange). Grind flush |
arter welding. ‘\_/O
D
* H-PILE SPLICE PIPE PILE SPLICE

Figure 1.1.5.4D

Note — Manufactured A709-Grade 36 H-pile splices may be used if located a minimum of 40 feet below the
bottom of the footing and installed according to the manufacturer’'s recommendations.
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1154 Pile Foundations - (continued)

Piling Details - (continued)

(4) Anchor Piles - Two methods of anchoring piles are shown. Other methods such as extending the top
plate and using welded studs or other shear connectors may be appropriate.

** Bar size as required to
develop full uplift of pile. N .
/Bofrom of top mat in footing

- I
L S(E) 3~

§
I
T T
|

in. “Ld”

—
~
s
min

{ S(E)
\

%" plate (A36)

Bar | Weld | Effective| yin
H - Pile, Size | Size | Throat wy d:’
see ftg. plan : g g
PP __ " x " #4 1/4// ]/8// 1'-0"
(See Footing Plan) #5 %e” U |17-3~
’ #6 3/8 . 3/]6 ” 1-7"
#7 7/16” 3/]6” o—1”

STEEL H-PILE STEEL PIPE PILE

* Provide ASTM A706, except ASTM A615 Grade 60 or ASTM A496
may be used if copies of the chemical composition analysis
are submitted and approved as weldable by the engineer.

ANCHOR PILE DETAILS

fTop of footing

o ) o © . L—Fill pipe with Class 3300 concrete and
d Ty, place 4 - #7 dowels and #3 hoops
-~ . - . . - @ 4//’
N 4
v 2
4
N o A
5 L Z
N \Boﬁom of footing

FILLED PIPE PILE ANCHOR DETAILS
Figure 1.1.5.4E
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1.1.55 Drilled Shafts

Consider the use of drilled shafts for bridge foundations if foundation conditions are favorable and the design
is economical (relative to other deep foundation designs). Environmental restrictions or lateral load
requirements may also dictate the need for drilled shafts. Some foundation conditions (such as hazardous
material sites, artesian groundwater pressures, very unstable soils) are not favorable for drilled shaft
applications. Shaft constructability is an important consideration in the selection of drilled shafts. Consult
with the Foundation Designer regarding these and other issues before selecting drilled shafts for foundation
design. The location of drilled shafts should be made early in the design process so an exploration drill hole
can be located as close as possible to all drilled shaft locations for design and construction purposes.

Drilled Shaft Design

(1) Drilled Shaft Diameters and Requirements — Common shaft sizes range from 3 feet to 8 feet in
diameter. Larger shaft diameters are less common, but possible. The minimum shaft diameter is 12
inches. Common increments of shaft diameters are:

Shaft Diameter Increment
<6 ft 6in
> 6 ft 1 foot

The Foundation and Bridge designers should confer and decide early on in the design process the
most appropriate shaft diameter(s) to use for the bridge, given the column diameter, loading conditions,
subsurface conditions at the site and other factors. Size shafts to meet the following:

Shaft Diameter Max. Column Size
<6ft shaft dia. — 1.0 ft
> 6 ft shaft dia. — 2.0 ft

(2) Horizontal Tolerances — Consider the constructability of shafts relative to allowable horizontal
tolerances. Large shafts are difficult to construct to precise horizontal tolerances. Do not design
columns the same diameter as the shaft. Design shafts to meet the requirements in (1) above with the
shaft diameter larger than the column it supports. Standard allowable horizontal tolerance is:

Shaft Diameter Horizontal Tolerance
<6ft 3in
> 6 ft 6in

(3) Non-Contact Shaft/Column Splice — Detail shaft/column splice regions in accordance with Figures
1.1.5.5A or 1.1.5.5B. The splice region is (1.7L4, + a) rounded up to the nearest 3 inches. Note that Ly,
is the basic development length per LRFD 5.11.2.1. The non-contact splice detail allows the column to
be adjusted horizontally when the shaft is slightly out of position (but still within the horizontal tolerance
for the shaft). The shaft vs. column size limits are selected to ensure this adjustment can be made
without increasing the standard 1” tolerance for the column.

Casing methods shown on Figures 1.1.5.5A & B are shown as examples only. Other casing methods
may be acceptable or more desirable.
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1155 Drilled Shafts - (continued)
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*%  Calculate shaft/column
a = Yotshaft spiral dia.— column spiral dia.) splice length (1.7 L 4+ a)
del = column diameter rounded up to the nearest
dsh = shaft diameter 3” and show this length
Lav= Basic tension development length per LRFD 5.11.2.1.1 on the plans.

IN-GROUND SHAFT SPLICE

Figure 1.1.5.5A
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1155 Drilled Shafts - (continued)
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IN-WATER SHAFT SPLICE
Figure 1.1.5.5B
(4) Downdrag Loads —
(seismic) loading, are added to the factored vertical loads on the foundation in the Strength Limit state.
Load Factors for downdrag loads will be provided by the Foundation Designer.
resulting from liquefaction or dynamic (earthquake) induced soil settlement should be considered in the
Extreme Event Limit State shaft design. Downdrag loads resulting from soil liquefaction are different
than those caused from static loading and they should not be combined in the Extreme Event Limit
state analysis.
(5) Shaft Uplift Resistance — Shaft uplift resistance is usually the same as the side friction resistance.
Friction resistance in downdrag zones should be considered available for uplift resistance.
(6) Shaft Rock Sockets — Minimum shaft embedment depths into hard rock, or rock sockets, may be

varies, typ.

Shaft Transverse Reinforcement

‘ Column Confinement Reinforcement

**  Calculate shaft/column
splice length (1.7 L 4* a)
rounded up to the nearest
3" and show this length

on the plans.

a = Yo(shaft spiral dia. - column spiral dia.)

Lav= Basic tension development length per LRFD 5.11.2.1.1

Downdrag loads, due to soil settlement other than that caused by dynamic

required due to one or more of the following design requirements or conditions:
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Scour
Liquefaction
Uplift loads
Settlement and/or downdrag
Required soil/rock bearing strata.
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1155 Drilled Shafts - (continued)

(7)

(8)

(9)
(10)

For rock sockets constructed inside shafts that will require either temporary or permanent casing,
consider designing the diameter of the rock socket smaller than the diameter of the cased shaft above
the rock socket. This is necessary to accommodate rock auger tools which are smaller in diameter than
the nominal outside diameter of the cased shaft. Reduce the shaft diameters of rock sockets by at least
6 inches in these cases.

The required rock socket embedment depths should be shown on the plans. Under this

condition, shaft tip elevations should be shown as “Estimated Tip Elevations” since they are likely to
change depending on the actual elevation of the top of rock or hard bearing strata encountered during
construction. The Geotechnical Engineer should provide an additional shaft length that accounts for
the uncertainty in the top of the bearing layer and this additional length should be specified in the
Special Provisions. In these cases, add the additional reinforcement required for this additional shaft
length into the estimated quantities provided in Section 512 of the Special Provision. Also adjust the
concrete quantities to include this additional length. Extra reinforcement length can quickly and easily
be cut off to provide the proper cage length once the final tip elevation is determined.

Shaft Settlement — Refer to AASHTO methods to calculate the settlement of individual shafts or shaft
groups. Compare this settlement to the maximum allowable settlement and modify the shaft design if
necessary to reduce the estimated settlement to acceptable levels. End bearing shafts on soil will
typically settle more than friction shafts in order to mobilize end bearing resistance.

Shaft Group Effects — For group lateral load analysis use the p-y multiplier methods described in
AASHTO and the FHWA Manual “Drilled Shafts: Construction Procedures and Design Methods”

Shaft Spacing — Use a minimum spacing of 3’ for drilled shafts.

Shaft Foundation Design Recommendations — The Foundation Designer will provide final
foundation recommendations in the Foundation Report, or earlier in the design process as needed.
The following recommendations will typically be provided as a minimum:

¢ Shaft Resistance: The nominal shaft resistance (R,) will be provided along with estimated shaft tip
elevations for one or more shaft diameters. This may be in the form of tables or graphs of R, versus
depth may be provided. Modified R, values will be provided as necessary to account for scour,
liguefaction or downdrag conditions. The resistance factors used will be provided. Downdrag
loads, if present, will be provided along with an explanation of the cause of the downdrag loads.
The depth or thickness of the downdrag zone will be provided.

o Shaft Settlement: Estimates of shaft settlement will be provided for the range of loads expected.
The Foundation design will need to know the anticipated service loads on the shaft for these
calculations along with any limiting settlement criteria.

o Shaft Uplift Resistance: If required for design, the nominal shaft uplift resistance will be provided
either as a function of depth or for a given shaft length. The uplift shaft resistance will be provided
for normal static conditions and for any reduced capacity condition such as scour or liquefaction.
The resistance factors used will be provided.

e P-Y Curves: Foundation design parameters will be provided to develop p-y curves for lateral load

analysis. Two sets of data may be required, one for static conditions and one for dynamic
(liquefaction) conditions if they exist.
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1155 Drilled Shafts - (continued)

e Special Provisions: The following foundation related items will be provided, as necessary, for
Section 00512 of the project Special Provisions:

» Designation as either a “friction” or “end-bearing” shaft; for cleanout purposes.

» Permanent casing (if recommended by Foundation Designer or otherwise
required).

» Crosshole Sonic Log testing requirements.

(11) Crosshole Sonic Log (CSL) Testing — In general CSL tubes are installed in all drilled shafts unless
otherwise recommended in the Foundation Report. CSL tubes may not be required in some cases where
foundation conditions may be very favorable and there is redundancy in the foundation design. Consult with
the Foundation Designer regarding the CSL testing that should be performed on the project.

The rule of thumb is one CSL tube per foot diameter of shaft, rounding up. They are equally spaced around
the shaft as shown in Figure 1.1.5.5C below:

8-0” dia. Drilled Shaft Vertical bars bundled
tangentially and equally spaced

Vertical bars equally spaced

8-0" dia. Drilled Shaft

8-CSL tubes

8-CSL tubes

#? spiral @ ?” pitch
#? spiral @ ?” pitch

SINGLE BARS BUNDLED BARS

CSL TUBES IN DRILLED SHAFT
No Scale

Figure 1.1.5.5C
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1155 Drilled Shafts - (continued)

(12) shaft Reinforcement — Detail shaft reinforcing to minimize congestion and facilitate concrete
placement. Space both longitudinal and transverse reinforcement to provide 5” minimum and 9” maximum
openings between bars. Transverse shaft reinforcement in the non-contact splice region may be reduced
to 3” minimum openings between bars. Transverse shaft reinforcement may include spiral bars, hoops
and/or bundled pairs.

The moment to be transferred from the column to the top of shaft is the lesser of the overstrength plastic
moment (Mp,)of the column or the elastic seismic moment of the column. Note that the maximum shaft
moment will depend on the soil-structure interaction and will generally be larger than the top of shaft
moment. Determine the overstrength plastic moment of column using moment-curvature analysis as
described in Section 8.5 of the AASHTO Guide Specifications for LRFD Seismic Bridge Design.

Design shaft transverse reinforcement for the lesser of the plastic shear or elastic seismic shear of the
column. Since the shaft diameter must exceed the column diameter, the shaft essentially remains elastic
under seismic loads. Therefore, there is no need to satisfy the volumetric ratio and spacing requirements for
transverse reinforcement in LRFD article 5.13.4.6.3.

As well as meeting plastic shear or seismic shear demands, ensure shaft transverse reinforcement within
the non-contact splice region meets the following maximum spacing:

Su= (271" A " fyr * 1.5 Lap) / (A * fu)

Where:
Sy = Maximum spacing of transverse shaft reinforcement (in)
As, = Area of transverse shaft reinforcement (in2)
fir = Yield strength of transverse shaft reinforcement. Use 60 ksi.
Ly, = Basic tension development length of column vertical bars (in)
A, = Total area of column vertical bars (in2)
fu = Ultimate strength of column longitudinal reinforcement. Use 80 ksi.

The equation above ensures the transverse reinforcement is adequate in order to fully develop the
column reinforcing bars. Derivation of this equation can be found in the WSDOT report WS-RD-417.1
“Noncontact Lap Splices in Bridge Column-Shaft Connections”. For column sizes 6 ft diameter and
greater, #7 or larger welded hoops will likely be needed to meet both the equation above and the
minimum 3” opening for transverse shaft reinforcement in the splice region.

(13) Shaft Concrete — Use Class 4000 — 3/8 concrete in all drilled shafts. Concrete for drilled shafts should
generally have a high slump and relatively small aggregate size in order to properly flow through the shaft
reinforcement and provide the required fluid pressures against the sides of the bore hole. This is necessary
to develop the desired friction resistance. Placement of concrete may be by free fall (in dry holes) or by
tremie pipe (in dry or wet holes). At the present time, free fall placement of concrete in dry holes is allowed
to unlimited depths. Refer to the report “Effects of Free Fall Concrete in Drilled Shafts” (ADSC Report No.
TL112 for more information.

(14) Cover Requirements — Provide the following concrete cover for drilled shafts:

Shaft Diameter Concrete cover
<3ft 3in
5f.>D>3ft 4in
>5ft 6in
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(15) Reinforcement Connections — Do not specify hooked longitudinal bars at the top of the shaft
(extending into footings or caps) that will conflict with temporary casing removal. Design and detail
reinforcement considering the requirements of temporary casing.

(16) Reinforcement Splicing — For shafts constructed at locations where a minimum penetration into the
rock (or hard strata) is required and the elevation of the top of rock is uncertain, consider adding additional
lengths of reinforcement to avoid the need for splicing. Once the final tip elevation is determined, any
remaining rebar length can be cut off and removed. Splicing of reinforcement is undesirable because it
usually results in delaying the concrete pour which could lead to other problems. If splicing is required,
provide splicing details on the plans.

(17) Shaft Elevations — Show or list the “Top of Shaft” elevation on the plans for each drilled shaft. This
elevation is the top of the drilled shaft concrete. Also show or list shaft tip elevations. If shaft tip elevations
are anticipated to vary due to uncertainties in the top of the bearing strata then label these as “Estimated Tip
Elevations” and show the required penetration depth into the bearing strata.

(18) Permanent Casing — The use of permanent casing may be beneficial in locations especially where the
top of shafts are constructed in open water such as rivers or lakes. The use of permanent casing can
simplify construction by eliminating the need for any temporary casing and forms. If permanent casing is
desired it should be taken into account in the structural analysis of the bridge because it increases the
stiffness and strength of the shaft and may significantly affect the overall response of a bridge subject to
large lateral loads. It also affects the geotechnical side resistance. Consult with the Geotechnical Engineer
if permanent casing is to be used.

When permanent casing is specified remember to take OSHA requirements into account when determining
casing lengths. OSHA may require casing to extend at least 2 feet above the ground surface during
construction. This additional length may later be cut off and removed after the shaft is constructed.

If permanent casing is required, provide casing diameters, thicknesses and lengths in the special provisions.

(19) Shaft Diameter for Seismic Analysis — Drilled shafts are generally constructed slightly larger than the
nominal diameter shown. For example, in soil conditions where casing is required, a 6-foot diameter shaft
cannot be drilled inside a 6-foot diameter casing. A larger size casing diameter is required. Discuss with the
Foundation Designer whether or not casing may be required and a larger shaft size should be checked in
the structure stiffness analysis (i.e., seismic analysis). An oversize of 6 inches is recommended for shafts
up to 6 ft. diameter and 12 inches is recommended for larger diameter shafts.

(20) Drilled Shaft Preconstruction Meeting — Preconstruction meetings are held prior to beginning drilled
shaft construction. This meeting should be attended by the structural designer who designed the shaft.
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1.1.5.6 Seismic Foundation Recommendations

The foundation designer shall provide the design Peak Bedrock Accelerations (PGAs) for the 500 and
1000 year recurrence events along with the AASHTO site soil coefficients. Liquefaction potential is
addressed along with recommendations regarding estimated lateral deformations of embankments and/or
dynamic settlement and downdrag potential. Downdrag loads resulting from liquefaction or dynamic
compaction (settlement) will be provided. Liquefaction mitigation measures and recommendations are
addressed if necessary (see Section 1.1.10.6 for Liquefaction Mitigation Procedure).

1.15.7 Overall Stability Evaluation

The foundation designer shall evaluate the overall stability of the approach fills leading up to the bridge
and all other unstable ground conditions, such as landslides or rockslides, that may affect the structure.
This analysis shall include both static and dynamic analysis of slope stability as related to the service and
extreme limit state designs. This analysis is to determine potential impacts to the bridge and approach
fills which may result from embankment instability, landslide movements, settlement or other potential
ground movements. A thorough geotechnical investigation, focused on slope instability, should be
conducted in accordance with the ODOT Geotechnical Design Manual (GDM). Methods for evaluating
overall stability and for estimating settlements and displacements are also described in the GDM. The
overall stability analysis should include both non liquefiable and liquefiable foundation soil conditions as
appropriate. This evaluation should be completed as early as possibly in the design process to allow for
possible changes in location and/or modifications to the bridge design to accommodate slope instability
conditions. Coordinate with the foundation designer to resolve any slope instability issues that will affect
the final bridge design.

For the Service Limit State, the overall stability of bridge approach fills not supporting abutment spread
footings should provide a minimum factor of safety of 1.3, (roughly equivalent to a resistance factor of
0.75). A factor of safety of 1.5 against overall stability should be provided for end bent spread footings
supported directly on embankments or bridge retaining walls. For bridges that are located in landslide
areas, or in areas that could be affected by slide movements, the slide should be stabilized to the same
factors of safety as stated above for approach fills or as determined by the region Tech Center Office and
Bridge Headquarters.

For Extreme Limit State | (seismic loading) conditions, the overall stability and displacement of the
approach fills should be evaluated. In addition, other potentially unstable ground conditions, such as
landslides or rockfalls, should also be investigated and evaluated for their potential impacts on the
structure due to earthquake forces. A minimum factor of safety of 1.1 should be provided for the pseudo
static analysis of bridge approach fills, landslides and any other potentially unstable ground conditions
that may affect the structure. This criterion applies to sites with or without liquefiable foundation soils. In
addition to this requirement, ground displacements (lateral and vertical) should be estimated and
evaluated in terms of meeting the seismic design performance criteria described in Section 1.1.10.1. This
performance criterion also applies to both liquefiable or non liquefiable foundation soil conditions. The
Newmark approach is recommended for estimating the lateral displacements of approach fills, adjacent
slopes, landslide masses or other ground features that may affect the structure. Other methods for
estimating lateral ground deformations under seismic loading are presented in the ODOT Geotechnical
Design Manual. If estimated ground displacements result in excessive deformation or damage to the
bridge such that the performance criteria cannot be met, then mitigation measures should be pursued.
The limits of liquefaction mitigation described in Section 1.1.10.6 also apply to all non liquefiable soil
conditions that require mitigation measures to meet the specified performance criteria.
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Underwater Construction

Underwater Foundation Design Considerations:

Requirements for scour protection, potential scour depths and elevations,
recommendations for riprap protection can be found in the Hydraulic Report.

The seal size, which ultimately determines the cofferdam size should be large enough
to accommodate the footing plus footing forms inside the cofferdam walers. A
minimum of 2 feet on each side of the footing should be provided.

Require the contractor to remove all underwater formwork.

In streams where there is a potential for scour, riprap should be placed as soon as
possible and before removal of the cofferdam.

Scour calculations do not take into account debris loading. A pile of debris will cause a
larger obstruction thereby increasing the scour depth.

Streambeds are often "mobile" and the top few feet or so are moving downstream all
the time. During extreme flood events the mobile streambed material cannot be
counted on for protection.

The depth component of the bearing resistance equation has the most significant
contribution to the footing's ability to support the load.

Riprap is not considered permanent protection against scour for seals.

When placing a footing in a stream, the material around and over the footing has been
reworked and doesn't have the in situ strength of the native streambed.

Another factor that is not always taken into account during a scour calculation is that
the stream may be degrading or have the possibility of degrading in the future.
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1.1.6.2 Footing Embedment

On stream crossings and where horizontal forces are involved, the following sketch should appear on the
plans if the foundation material is suitable.

Figure 1.1.6.2A

The bottom of footings in streambeds shall be a minimum of 6 feet below the normal streambed, except in
solid rock. If in solid rock, the top of the footing shall be flush with the rock line.

1.1.6.3 Cofferdams and Seals (Moved to 1.4.9.6)
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1.1.7 Loads and Distributions

1.1.7.1 Dead Loads

General — Knowledge of the capacity of each bridge to carry loads is critical prior to increasing dead load
or any change to section properties of main load carrying members. A Load Rating that reflects the
current condition of each bridge is a valuable tool that is used to identify the need for load posting or
bridge strengthening. Review the latest load rating or conduct load rating for feasibility study of a project
at scoping stage.

When the load rating of the existing structure is available check the latest Bridge Inspection conditions’
rating report against condition rating used for load rating. Rating of a structure decreases with an
increase in dead load and may result in posting of the bridge. Contact program unit when you needed
assistance in a load rating.

For all non-load-path-redundant steel truss bridges, the designer will verify that the stress levels in all
structural elements, including gusset plates, remain within applicable requirements whenever planned
modifications or operational changes may increase stresses.

(1) Box Girder Deck Forms - Where deck forms are not required to be removed, an allowance of 10 psf for
form dead load shall be included.

(2) Shortening - Dead load should include the elastic effects of stressing (pre or post-tensioned) after
losses. The long-term effects of shrinkage and creep on indeterminate reinforced concrete structures
may be ignored, on the assumption that forces produced by these processes will be relieved by the
same processes.

(3) Utilities - Where holes are provided for future utilities, estimate the dead load of such utilities as that for
a water-filled pipe of 2” smaller nominal diameter than that of the hole. For 12” holes, the dead load may
be assumed to be 90 plf.

(4) Wearing Surface - Provide the following minimum present wearing surface (pws) and future wearing
surface (fws) allowances.

pws fws
All bridges with CIP concrete decks 0 25 psf
(2 inches)
Side-by-side construction w/ ACWS 40 psf 25 psf
(3 inches) (2 inches)

For side-by-side construction, provide additional pws allowance above 40 psf as needed to account
for crown and superelevation buildup. The 3 inch minimum thickness is intended to provide sufficient
thickness such that future maintenance resurfacing can be performed by removal and replacement of
the upper 1.5 inches.
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11.7.2 Live Loads

(1) New Vehicular Traffic Structures - Design by AASHTO LRFD Bridge Design Specifications using all
of the following loads:

Service and Strength | Limit States:
e HL-93: Design truck (or trucks per LRFD 3.6.1.3) or the design tandems and the design
lane load.

Strength Il Limit State:
e ODOT OR-STP-5BW permit truck.
e ODOT OR-STP-4E permit truck.

Note: ODOT Permit Loads are shown in Figure 1.1.7.2A. In May 2006, ODOT Permit Load
designations were changed as follows:

OR-STP-5B changed to OR-STP-4D
OR-STP-5C changed to OR-STP-4E
OR-STP-5BW no change

Axle weights and axle spacing’s did not change, only the designations.

For single-span bridges with prismatic girders, Figures 1.1.7.2B to 1.1.7.2E are provided to help
determine the controlling permit truck for various span lengths.
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1.1.7.2 Live Loads - (continued)

OREGON PERMIT LOADS FOR STATE OWNED BRIDGES

Indicated concentrations are Axle Loads in Kips

Type OR-STP-4D

8 Axle Vehicle
Gross Weight = 162.5K

12 215 215 215 215 215 215 215
O 0O 00O O @@,
AxleNo. 1 2 3 45 6 78
Representative Sample of
Single Trip Permit in 10 | 4 21 4 6 16' 4
Weight Table 4 1 1 \ \
65'
Type OR-STP-5BW
9 Axle Vehicle
Gross Weight = 204K
12 24 24 24 24 24 24 24 24
O o0 OXO) OO OO
Axle No. 4 2 3 4 5 6 7 8 9
Representative Sample of ‘ ‘ ‘ ‘
Single Trip Permit with Bonus 18' 4.5 14' 5 32 5' 16' 4.5’
Weights in Weight Table 5 ol o o !
99'
Type OR-STP-4E
13 Axle Vehicle
Gross Weight = 258K
Representative Sample of
Single Trip Permit in
Weight Table 4
18 20 20 20 20 20 20 20 20 20 20 20 20
O ONOJ@, OXOX@) 00O 00O
Axle No. 1 2 3 4 5 6 7 8 9 10 1 12 13
2 2% \4'5‘\ 15 \ 1 \ 2 \ 43 \ 2 \ z \ 18 \ 7 \ 7
126'

Figure 1.1.7.2A
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Live Loads — (continued)

Live + Impact for Single-Span Prismatic Members
Moment @ Mid-Span - Strength Limit States

—t—HL-93

—¥=STP-4D

—0—STP-5BW

—&—STP-4E

40 50 60 70 80 90 100 110 120 130 140 150 160
Span (ft)

Figure 1.1.7.2B

Live Load + Impact for Single-Span Prismatic Members
Moment @ Mid-Span - Strength Limit States

== H-93
—¥—=STP-4D
—o—STP-5BW
—A—STP-4E

160 200 240 280 320 360 400
Span (ft)

Figure 1.1.7.2C
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Live Loads — (continued)

Live Load + Impact for Single-Span Prismatic Members
Maximum Shear - Strength Limit States

=——HL_-93

—¥—STP-4D
—8—STP-5BW

—A—STP-4E

40 50 60 70 80 90 100 110 120 130 140 150 160

Span (ft)

Figure 1.1.7.2D

Live Load + Impact for Single-Span Prismatic Members
Maximum Shear - Strength Limit State

——H|-93
—¥—STP-4D
—8—STP-5BW
—A—STP-4E

200 240 280 320 360 400
Span (ft)

Figure 1.1.7.2E
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1.1.7.2 Live Loads - (continued)

(2)

®)

Pedestrian Structures - For bridges designed for only pedestrian and/or bicycle traffic, use a live load
of 85 psf. If an Agency design vehicle is not specified, use alternate live load of 10,000 Ib., or AASHTO
Standard (H-10 Truck) loading as shown in Figures 1.1.7.2F and 1.1.7.2.G below to check the
longitudinal beams. A vehicle impact allowance is not required. For a pedestrian and/or bikeway
bridge with less than 6’ do not consider the maintenance truck. See also the AASHTO “Guide
Specifications for Design of Pedestrian Bridges”.

Widening of Vehicular Traffic Structures — When widening an existing structure, the widening will
generally be designed using the loading given in 1.1.7.2(1). Designs using a lesser design live load will
require an exception letter from the State Bridge Engineer. Live loading will never be less than the
design live load for the existing structure.

Structure Repair and/or Strengthening — When repairing or strengthening an existing structure it is
not necessary to meet the loading given in 1.1.7.2(1). Design repair or strengthening projects for the
maximum load effect from the following permit trucks using the AASHTO LRFD Bridge Design
Specifications Strength Il Limit State (see Figure 1.1.7.2A):

e ODOT OR-STP-4D
ODOT OR-STP-5BW
ODOT OR-STP-4E

For single-span bridges with prismatic girders, Figures 1.1.7.2B to 1.1.7.2E are provided to help
determine the controlling permit truck for various span lengths.

For repair and/or strengthening of prestressed concrete structures, ensure the requirements of
Service | and Ill Limit States are satisfied using HL-93 loading.

Alternate 10,000 Ib. Live Load
Figure 1.1.7.2F

6'-0” < Clear deck width <10’-0” 10,000 Ib. (alternate live load)
10’-0” < Clear deck width <12”-0” 20,000 Ib. (H-10 Truck)
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1.1.7.2 Live Loads - (continued)
Q©Hﬂ O
4000% 16000%
14-0" |

|
0.1w 0.4w }> ****** E—

&
o
mﬂ 0.1w 0.4W —
H-10 Truck
Figure 1.1.7.2G
1.1.7.3 Thermal Forces
Use the following temperature ranges:
Metal Structures Concrete Structures

Secton|  Mild Climate.. ...... +10° F. to +110° F. +22°F. to +72° F.
Section Il  Moderate Climate . . . . . ~10°F. to +120° F. +12° F. to +82° F.
Section [l Rigorous Climate . . . . . -30°F. to +120° F. 0°F. to +82° F.

Section | designates that portion of the state west of the Coast Range, Section Il the valley region between
the Coast Range and Cascade Mountains, and Section Il the Cascade Mountains and all of eastern
Oregon. For structures in the Columbia River Gorge, use Section Il

Figure the rise and fall in temperature from an assumed temperature at time of erection. The annual mean
temperature for Sections | and Il is 52° F. and for Section Il is 47° F.

1.1.7.4 Ductility, Redundancy and Operational Importance (LRFD 1.3.3,1.3.4 & 1.3.5)

Section | of the LRFD Bridge Design Specifications provides three adjustment factors; np for ductility, ng for
redundancy and n, for operational importance. Apply the ductility and redundancy factors per LRFD without

change. Submit a justification to the State Bridge Engineer before using a redundancy factor < 1.0. For the
operational importance factor, consider all bridges as “typical” (n, = 1.0).
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1.1.75 Sidewalk Loading

For sidewalks not separated from traffic by a structural rail, account for the potential for a truck to mount the
sidewalk. Design the sidewalk for the greater of:

e 0.075 ksf pedestrian loads considered simultaneously with the vehicular load in the adjacent lane as
stated in Section 3.6.1.6 of the LRFD Bridge Design Specifications. Per 3.6.2 in LRFD, impact
should not be applied to pedestrian loads.

e The LRFD design truck placed with a line of wheels 2.0 ft from the face of rail. Do not apply a lane
load with the design truck, but do include impact. Consider this load only under the Strength | limit
state. Do not consider trucks or vehicle loads in adjacent lanes. Do apply the multiple-presence
factor (m) for this case.

In addition to the above cases, ensure the supporting member (exterior girder) is adequate for HL-93 loading
should the sidewalk be removed and a standard concrete barrier (per BR200) be placed at the edge of deck.

1.1.7.6 Shear Correction Factor for Skewed Girders

Apply a live load shear correction factor according to Table 4.6.2.2.3c-1 in the LRFD Bridge Design
Specifications to the critical shear section near the support for exterior longitudinal beam (girder) members
that are on skewed bents. Vary the correction factor along the length of the girder linearly from full value at
the critical shear section to zero at midspan.

For interior girders, apply a portion of the exterior girder correction factor (CF.y) as follows:
Side-by-side slabs or boxes CFing=1+0.5" (CFex- 1)
Girder bridges and spread slabs or boxes CFint=1+0.25"* (CFeq- 1)

The shear correction factor is intended to protect against increased loading at obtuse corners. Therefore,
the additional shear capacity is really only needed at the obtuse corners. However, for simplicity of
construction it is recommended that the both obtuse and acute girder ends be detailed the same.

Where additional steel to meet the shear correction factor loading is minor, designers should consider
whether or not it is economical to detail interior girders the same as exterior girders. This may often be the
case for precast, prestressed concrete members.

Standard drawings for precast, prestressed members assume each member will have the same shear
details at each end of the bridge. For simplicity of construction it is recommended that both ends be detailed
the same. In the rare case when ends are not detailed the same, contract provisions should be added to
ensure the intended bent location for each girder end is clearly marked on the girder before the girder is
transported to the job site.

1.1.7.7 Repair and Strengthening of Bridges

The terms “Strengthening” and “Repair” are sometimes used interchangeably to describe an action, but
they are not the same. Strengthening is the addition of load capacity beyond the level provided for in the
original design. Repair is the restoration of the load capacity to the level of the original design.

Bridge strengthening is required when the critical load rating factor for a bridge falls below 1.0. Design

bridge strengthening to resist the live load given in 1.1.7.2(4). Note that the required live load for
strengthening will typically result in final load rating factors much greater than 1.0.
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1.1.7.7 Repair and Strengthening of Bridges, continued

Bridge repair projects are typically limited to isolated portions of the bridge and address specific needs
such as substructure issues and collision damage. Examples of such cases are:

Footings and/or columns

Piling

Girder damage from over height collision
Bridge rail collision damage

Most bridge projects that require engineering to address needs on existing structures will be considered
to be strengthening and will be designed to the criteria mentioned above.

In rare cases there may be extenuating circumstances to support a “do nothing” or reduced design
criteria. For such cases, approval of a design deviation is required. FHWA review will also be required if
a bridge is to remain in service with a critical rating factor less than 1.0. Factors to be considered in the
design deviation approval process may include:

Estimated cost of repair or strengthening

Existing permit truck volume and potential for future increases
Existing girder cracking

Number of lanes and shoulder widths

Alternate routes available

Existing bridge detailing
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1.1.8 End Bents

1.1.8.1 Determining Bridge Length
Options for the end bent in relation to the end fill intersection with the finish grade include:
e Option A, no wingwalls, but a longer structure than for options B and C.
e Option B, the structure length is shorter, but short wingwalls to retain the fill.
e Option C, the structure length is shorter yet, but longer wingwalls to retain the fill.

Generally, option B will provide the least cost, especially for prestressed slab spans. For option C, larger
longitudinal forces from lateral soil loads must be resisted by the superstructure and substructure.

| 3'-0” min.—‘ h#.
|

30" m/'n.—$ hL—.
% ‘

|
Slope 2:1

Slope 2:1 Wingwall

OPTION - A OPTION - B OPTION - C

Figure 1.1.8.1A

1-103



1182

Bridge Design and Drafting Manual 2004
Oregon Department of Transportation

Wingwall Location

Wingwalls for end bents may be located as follows:

Conftours of f
lower roadway-

Walls parallel to the structure are used for filled or "false" (unfilled) bents. These are generally

used for grade separation structures where the face of the bent is quite a distance back from
the toe of the slope under the structure.

Walls parallel to bridge bents are generally avoided due to safety or stream flow considerations

Walls at an angle to both structure and lower roadway or stream. The angle is generally half
the angle between the structure and the lower roadway or stream center lines, as this usually
leads to a minimum length wall. The end of the wall is determined by plotting final contours off

the upper and lower profile lines. The point where the contours of equal elevation intersect
determines the location of the end of the wall.

SRRIRERES R

. \ Contours of f Contours off
QV'"Q Wa\l/s \ﬁroa dway \ Toadwoy

- Contours off —\
\E Wing Wall U

. Line connectio = x=—=—====naqatural
Final contours ir;fersecﬁon Io ===—===ground
Contours off subgrade Contours off equal confours L .
of upper roadway lower line or % —End of wingwall
natural ground
PLAN PLAN

1 U

ELEVATION

Natural ground
ELEVATION ELEVATION
Wing Wall Parallel Wing Wall Parallel Wing Walls At Angle To
To Bridge ¢ To Lower Line

Upper & Lower Lines

WING WALLS AT BENTS

Figure 1.1.8.2A
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1.1.8.3 Wingwall Design and Construction

For cantilever wingwalls on abutments with relatively stiff footings (footing width is at least 3 times abutment
wall thickness), the horizontal reinforcement in the abutment wall resisting the moment caused by earth
pressure on the wingwall need not extend farther from the wingwall-abutment juncture than the following:

For the top 2/3 of the abutment wall height 1.5H
For the bottom 1/3 of the abutment wall height 0.75H

Where abutment walls with wingwalls are designed with thickened tops for bearing seats or backwalls, those
thickened portions should be designed to carry 1/2 to 2/3 of the bending moment in the upper half of the
abutment wall. Reinforcing between the abutment wall and the wingwall should extend beyond the juncture
enough to develop the strength of the bar reinforcement.

1.5H

0.75H

Figure 1.1.8.3A
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1.1.8.3 Wingwall Design and Construction - (continued)
Construction

When wingwalls are cantilevered from an abutment or pilecap, the Designer should consider all stages of
construction. If the abutment or pilecap would be unstable or overstressed under the dead load of the
wingwalls before the superstructure and/or backfill are placed, the "Bent Construction Sequence” on the
plans should require that the concrete in the wingwalls not be placed until the superstructure and/or backfill
are in place. Do not count on there being soil under the wingwall unless the wall has its own footing.

The height of the wingwall at the outer end of the wall should be a minimum of 3 feet. The slope of the
bottom of the wall should be a maximum of 2:1.

The Special Provisions and detail drawings should require that the embankment fill be placed to the
elevation of the bottom of the wall before the wingwalls are constructed. In other words, bridge end bent
wingwalls shall be cast against undisturbed material or well compacted backfill. The designer may want to
use some discretion in this matter. A 24’ wall would normally always need to be constructed on
compacted fill, while a 6’ wall could be constructed and backfilled at later time.

For walls shorter than about 8, the bottom of the wall can be formed level, at the discretion of the Designer
or at the contractor's option. Note: Region 4 prefers all wingwalls supported by the bridge end bent to be
constructed with a level bottom.

Due to concerns about stability and the potential for migrating of fresh concrete over the top of wingwall
forms, the slope of the top of a wingwall should not exceed the maximum slope of the adjacent embankment
nor 1.5:1 without a special stability investigation.

:5/__(7//
min.

i

2 min.

Figure 1.1.8.3B
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1.1.84 End Bents

General - Where end bents or retaining walls are located adjacent to roadway construction, locate the top of
footings at or below the elevation of the bottom of the roadway subgrade. In other locations, the top of the
footing should generally be a minimum of one (1) foot below the surface of the ground. The effect of items
such as utilities, ditches and future widening should also be considered.

Terminology — In this section and elsewhere in the BDDM, the terms “end bent” and “abutment” are used
interchangeably. “Integral Abutment” is the industry standard term used to describe abutments that provide a
continuous connection between the superstructure and the substructure”. However, for consistency on
ODOT bridge drawings, all bridge support locations are referred to as “bents”. Refer to the glossary in
Appendix B (Section 1) for definitions of the terms “Abutment”, “Bent” and “Pier”. A possible exception
could include the rehabilitation of an existing bridge, where the original plans called out “abutments” (or
“piers”, etc.) and it would be less confusing to keep the same terminology as the existing plans.

Design - For end bents supported on piles, consider the lateral load of the bridge end fill in designing the
bent. It is desirable to minimize the height of the bent to reduce the amount of lateral load that must be
resisted by the end bent. However, increases in height to mobilize the passive soil pressure for seismic
resistance may be necessary.

Provide access for inspection of bearings, shear lugs and backwalls for semi-integral abutments and
access inspection for backwalls of integral abutment per Section 1.4.4.2 of the BDDM.

Bents on M.S.E. Walls - Refer to the ODOT Geotechnical Design Manual, Chapter 15. All MSE abutment
walls and wing walls shall have a concrete facing.

Integral Abutments - Integral abutments should be considered wherever site conditions and structure
geometry are suitable for such structures and the conditions and criteria described in this section are met. In
integral abutments, expansion joints and bearings are eliminated and the superstructure is fully integral with
the abutment. This results in numerous potential benefits including:

o Greater structure redundancy

¢ Simplified construction

¢ Reduced construction cost and time

¢ Reduced maintenance cost

o Stiffer longitudinal response at abutments

For a continuous bridge with expansion end bent connections, the interior bents take all of the longitudinal
and transverse force effects. By using integral abutments in place of the expansion end bent connections,
some of the longitudinal and transverse forces are distributed into the integral abutment (piles and backfill
soils), thereby reducing the net forces on the interior bents. Integral abutments can reduce the longitudinal
and transverse force effect considerably in a continuous bridge as compared to a bridge with expansion
joints at the abutments.

Integral abutments may be used under the following conditions:
1. When the end bent is founded on steel pipe piles or H-piles. Do not place integral abutment

foundations on top of, or through, MSE retaining wall reinforced backfill. For all other foundation
types, see guidelines for semi-integral abutments.
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1.1.84 End Bents — (continued)

2. When bed rock is a minimum of 12 feet from the bottom of the pile cap. Avoid using pre bored
piles when bed rock is close to the surface, since this type of construction has been
uneconomical.

3. When there is negligible potential of abutment settlement.

4. When the radius of horizontal curvature is greater than 1200 ft.

5. When the skew angle is less than 30 degrees.

6. When, for all service limit states, movement at the top of integral abutment piles does not exceed
+1.5 inches from the undeflected position. The corresponding range of pile movement is
therefore 3.0” if the superstructure is made integral with the piles at the mean annual
temperature.

Design Guidelines for Integral Abutments:

1. Use a U-shaped abutment (wingwalls parallel to roadway alignment) if possible.

2. Use H-pile with strong axis in the direction of temperature movement See Figure 1.1.8.4A.

/Sfrong axis, typ.
"

& of BGNT\ L
]

Temperature
movement

Figure 1.1.8.4A

3. Embed piles into the pile cap to develop moment fixity. See 1.1.5.4 Piling Details (1)
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End Bents — (continued)

Preboring may be necessary in some cases where pile design stresses are excessive due to
thermal movements and cannot be accommodated without special foundation design and
construction. The cost of preboring for the piles should be compared to the benefits gained by
using an integral abutment design. Increasing the number of piles or the use of larger piles in the
abutment may decrease individual pile stresses to acceptable limits. If preboring is required, and
cost effective, then consider preboring an oversized hole. The prebore dimensions should be at
least 4” or more in diameter larger than the diagonal dimension of the pile and large enough to
accommodate the estimated pile deflection. Backfill the area around the pile with loose sand
conforming to the current Section 00360.10 of the Oregon Standard Specifications For
Construction or as recommended by the Geotechnical Designer. Do not compact the sand
backfill material. Bentonite or pea gravel backfill are not recommended since they may not
provide for the long term flexibility required of the pile and soil system. The depth of prebore
should be 10 feet or more or as required to provide the required pile flexibility to decrease pile
stresses to an acceptable limit.

Detail piles of integral abutments to resist uplift force from temperature differential between top
and bottom of the pilecap. Refer to Figure 1.1.5.4.E for pile anchorage details.

The design of integral abutment bridges with a grade change between abutments should
consider both vertical and horizontal components of bridge longitudinal loads such as uniform
temperature changes, creep, shrinkage, braking, seismic, and lateral earth pressure, on the
resulting axial and flexural stresses in the piles.

Develop a COM624 or LPILE model using the full pile for soil and pile interaction. Evaluate pile
deflections, bending moments and stresses using the LPile or COM624 computer program
analysis.

At the service limit state, H-pile flange yielding at each flange tip should not exceed 5% of the
total flange area. See Figure 1.1.8.4B. For steel pipe piles no yielding of section is permitted.

5% of ftotal
flange area

Figure 1.1.8.4B

Consider the relative stiffness of the superstructure, substructure and any asymmetric span
lengths in calculating end bent movement. Consider the potential for unequal thermal
movements at end bents (integral abutments) due to asymmetric span lengths or changes in
substructure stiffness.
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End Bents — (continued)

Consider torsion in components connected to integral abutments.
Consider the combination of worst case events (except seismic) with temperature rise and fall.

Specify placement and compaction requirements and an increased frequency of field density test
requirements of the backfill material (minimum of two tests per stage of construction at each end
bent) to achieve consistent soil stiffness behind both end bents.

Consider the friction force between the bottom of the impact panel and structure back fill
(expansion and contraction) in the superstructure design at the service limit state Assume a
friction coefficient of 0.54 unless specific measures are taken to reduce friction.

Connect superstructure and end bents with a closure pour. Require a minimum of three days
wait period between concrete deck placement and closure pour to release shrinkage stress in
bridges with steel superstructures and include long term creep in your design for concrete
superstructures. Include a note which requires backfill behind the abutment after closure pour.

See Standard drawings for details

i
% %
T T .
S ‘ . _|—"Pour2

| ————Notch end of precast beam as required.

A ™ Tie bars W

/ 7Momenr reinforcing, embed
into cap as required to develop

bars

*2 layers of
bond breakerJg

Closure F'our\

* Construct seats parallel to grade.
Finish smooth with steel trowel.

3" perforated pipe.
(pass through wing wall+|

Tie bars

Hoops

I

Pile embedment as required

Figure 1.1.8.4C
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1.1.84 End Bents — (continued)

15. Where the range of abutment movement is one (1) inch or less, the end panel may be fixed to the
superstructure and thermal movements accounted for by providing a saw cut in the approach
pavement at the end of the end panel. Where the range of abutment movement exceeds one (1)
inch, provide an expansion joint between the end panel and the deck so the end panel is not
dragged back and forth with thermal expansion and contraction. See Figure 1.1.8.4C.

16. In integral abutment bridge staged construction, a continuous abutment is capable of transferring
traffic live load vibrations in one stage to the girders and the deck that are under construction in
another stage. These vibrations can damage fresh concrete in the deck. To minimize these
vibrations, provide an expansion joint or closure segment in the integral abutment located
between the stages of construction.

17. Specify deck casting sequences and deck closure pours at integral abutment connections and
specify the range of temperature when the contractor may place the concrete on the plans and in
the special provisions. Keep the range of temperature in the closure pour to not adversely affect
the pile stress during temperature fall or rise.

18. See design example in the following publication of the American Iron and Steel Institute
HIGHWAY STRUCTURES DESIGN HANDBOOK, Vol. Il Chapter 5, “Integral Abutments For
Steel Bridges", prepared for the National Steel Bridge Alliance by Tennessee DOT.

Semi-Integral Abutments - Recommendations for integral abutments also apply to semi-integral
abutments, except as noted in this subsection.

Consider the use of semi-integral abutments, rather than integral abutments, on foundations that are stiff
in the longitudinal direction, such as spread footings, drilled shafts, and concrete piles. These foundations
do not provide the required flexibility in the longitudinal direction required for integral abutments. Also
consider semi-integral abutments, rather than integral abutments, when the abutment is founded on top
of or passes through MSE retaining wall reinforced backfill.

Two points that need to be evaluated on semi-integral abutments (especially on skewed bridges) are
torsional forces affecting the bearings, and the effectiveness of shear keys used. If geometry requires a
stiff footing, this type of construction is recommended.

For skewed bridges, consider the load path from thermal forces to the substructure. Skewed semi-
integral abutments may rotate (finish condition).
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1.1.8.5 Strutted Abutments

Abutments of single span bridges with the superstructure in place before backfilling may be designed using
the strutting action to resist earth pressure overturning. For such abutments, apply soil pressure based on
an at-rest or neutral condition of the soil. Footings for these abutments are not required to satisfy the
"uniform bearing" under the dead load requirement. Investigate the bridge for the case of backfill being
washed out behind one abutment. For this case, active soil pressures with no live load surcharge shall be
used on the opposite abutment. A factor of safety against overturning of the whole structure of 1.25 will be
considered adequate, and 125 percent of the allowable bearing pressure will be acceptable.

Surcharge Po + L
<
Slab
Fi
—
Ko = 0.5
po = 0.5 x 120H = 60H
RS
M = 60h [H?) + 60H[H?®
8 15
Note:
Add the effects of the wingwalls as required.
F2
/7777777777777 77
60H4// 60h4] ~_ -
M

Figure 1.1.8.5A
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1.1.8.6 Pile Cap Abutment Details

Pile Cap Elevations - Show the bottom of the pile cap elevations on the pile cap “Elevation” view. If the
pile cap is sloped, show the elevation at each end.

Fixed (Integral) action — Double row of reinforcing bars provides the connection between superstructure
and substructure. Shear and moment are transferred. Pile embedment to develop fixity is required, if the

number and size of piles are selected to resist a specified load.

See Standard drawings for details

\

Notch end of precast beam as required.

L —bars

Moment reinforcing, embed
into cap as required to develop
bars

Concrete Pad (pour pad monolithic)
Place Y>" concrete layer and place
beams before the 1” concrete
layer is fully set, to provide uniform
bearing. Remove any excess concrete

|
R
o | . @ o protruding from edges of beam.
EENON
F=T= <
e L |/ s ' %
® / .
Tie bars - A .
. <
S
S
Hoops —= ’:: —— o
- |
o | : | | o

2'=6" _min.

Pile embedment as required

Figure 1.1.8.6A
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1.1.8.6 Pile Cap Abutment Details - (continued)
Expansion allowed (nominal amount of movement) — No reinforcement is provided between the

superstructure and substructure. This type is appropriate when nominal movement is expected on a non-
yielding type of foundation.

See Standard drawings for details Elastomeric
Y ‘ bearing pad
/ﬁ RS | [F=t: w preformed |

exp. joint |
filler btwn. |,

beams ¢

_.

4
Place preformed expansion joint
filler between beam and top of
conc. pad all around bearing pad

See IR I |
Bearing ~ T
details '—_%_h‘

il
ilf
I
il

S Lﬁ BEARING DETAIL
=M=

1

l

E:
I

Figure 1.1.8.6B

Expansion allowed (movement allowed as required) - No reinforcement is provided between the
superstructure and substructure. This type is appropriate when movement needs to be accommodated in
the design. Various types of bearings and joints can be used for the movement required.

/> Blockout for joint assembly

/Expansion bearing assembly

| I Bearing pedestal
- 12" min. fo
gllow for bearing
and repair

i | /|

Figure 1.1.8.6C
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1.1.8.7 Abutment Details for Prestressed Slabs

See Appendix Section A1.1.8.7 for Prestressed Slab End Bent Design/Detail Sheets for more details.

Shallow Abutments (Pile Cap) — Precast Slab or Box — most common and most economical type of end
bent. It requires the least amount of excavation and cast-in-place concrete.

See Standard drawings for details not shown

Use Elastomeric Bearing Pads

when span length is greater
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Joint filler for spans less than 40°-0”
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Figure 1.1.8.7A
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1.1.8.7 Abutment Details for Prestressed Slabs - (continued)

Partial Depth Abutment — Precast Slab or Box -
See Standard drawings for details not shown

Use Elastomeric Bearing Pads

when span length is greater

than 40'-0" and preformed expansion
Jjoint filler for spans less than 40'-0"
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Figure 1.1.8.7B
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1.1.8.8 Forming of Backwalls for End Beams

Details should be developed that will allow the removal of forming materials. Forming materials, including
expanded polystyrene must be removed. Forming material is normally not yielding and can cause cracking
as the structure expands and contracts.

Figure 1.1.8.8A

1.1.8.9 Bent Joint Details

Provide an open joint between the abutment and the deck-and-girder section, as shown below. Note on the
plans of post-tensioned structures that if expanded polystyrene is used to form the joint, it must be removed

before tensioning.
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Figure 1.1.8.9A
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1.1.8.10 Backwall Reinforcement for Post-tensioned Structures
When detailing the vertical reinforcement for the backwalls of abutments for post-tensioned spans, the
Designer should take into account the location of the post-tensioning anchorages. Spacing of bars and/or

splicing details should be such that the vertical bars do not have to be bent out of the way for the post-
tensioning operation and bent back to their final positions.

1.1.8.11 Beam Seat Drainage

Slope the beam seats of abutments to drain away from the front face. Provide scuppers through the bearing
pedestals and backwall or drain pipes at low points to pick up any water that might leak into this area.

Slope 2%

beam secn‘Z

— I

4" dia. drain hole

T — a " dia. PVC drain pipe
i /7 Run to drainage system

or 24" square x
24" deep dry well
filled with crushed rock
———Tt—— or gravel,
——

Figure 1.1.8.11A
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1.1.8.12 Reinforced Concrete End Panels

See Section 1.1.2.7 for end panel requirement criteria. All bridges shall be detailed with paving ledges or
other provisions so that present or future reinforced concrete end panels can be supported. Structures with
sidewalks shall be detailed with a ledge or other provision to support an approaching concrete walk (present
or future) if there is no approach slab in the walk area. When reinforced concrete end panels are required,
show them on the bridge plans and include them in the bridge quantity estimate. In most cases, the bridge
rail should be extended to the end of the end panel.

1.1.8.13 Bent Width Provisions with Precast Units

All pile caps, cross beams, abutments, etc. supporting adjacent precast units (such as slabs, boxes, integral
bulb-T's, etc.) should be detailed for the total width of all units with an additional width of a minimum of 1/2”
per precast unit. This is required because unit fit-up is not exactly true and "growth" in width occurs. The 6”
minimum closure pour on each side of the exterior units at abutments as shown on End Bent Detail drawing
may be used for adjustment due to these misfits. The 6” dimension may be increased where necessary for
wider roadways.

“ minimum
closure pour
107 8 units @ 4'-0” each = 32'-0" (Theoretical)

wingwall —¢€ Rogdway /Precasf unit

o 7T o
% L L
.

] 71_8" ] 7/_8/1

| —Pile cap

1

=1
[—

Use 35'-4" (minimum)
Minimum width (actual)=35'-0" (Theoretical) + 8 (15")= 35-4”

Figure 1.1.8.13A
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1.1.9 Interior Bents
1.19.1 Interior Bents, Design and Detailing
Design - Design structure for stability under all stages of construction. The following conditions, in

particular, should be checked:

1. Stream flow and wind load w/o superstructure.

2. Dead load of one or more girders plus wind load and stream flow. Note: Contractor is
responsible for stability of girder itself.

3. Lateral system must be sufficient to insure stability of girders under wind load without deck.

4. Top flanges must have sufficient support not to buckle under dead load of (fluid) concrete

without the aid of deck forms.
Weight of

fluid concrefe]

Figure 1.1.9.1A

Effective Span Length - When computing the maximum negative moment for a cross beam on a column,
the cross beam may be considered to be supported by a concentrated reaction, the following distance inside
the face of the column or pier:

Span Span

w w
B -

/—Q of X-beam
J .

Span Span

o

€ of X-beam
J /

(L)Lt
]

Figure 1.1.9.1B
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1191 Interior Bents, Design and Detailing - (continued)

Detailing — Provide all dimensions and details necessary for the reinforcing steel fabricator and contractor to
construct it.

Column hoops in S .
/! i~ Symmetrical about €
__—#8 bent bars. X-beam area
w/-- bars in ea.row =
(1°-0" leg each end) __T 23~ /U—bars at top of column
A
End of X-beam £
reinforement il /H\\}\ AN
\
% of tension reinforcing | = 7 ]| S
per AASHTO —Ee—s
A ————1—Extend spirals into
T ———=| crossbeam where plastic
Stirrups =——|| moment capacity is req'd
e--" § Full devel T fhj
Start stirrups at —— ull aevelopment Ieng
face of col “ —
ace of column @ __ § P
< =S
N} COLUMN STEEL
N ) __-%*__ vert.bars
oo [ Lie at each full length with std.
S wrrup 90° hook at bottom.
kaﬁrrup __" dia. spiral at __"
pitch, full height of
X column, with 2
into top of flg.
SECTION A-A SECTION A-A Stop at X-beam steel.
(Round Columns) (Rectangular Columns)

NOTE:

X-beams, columns and footings should
be sized to be structurally adequate
and esthetically proportional.

Figure 1.1.9.1C

See Section 1.1.9.5 and 1.1.9.6 for details of column reinforcing.

1.1.9.2 Interior Bent Details for Prestressed Slabs

- See Appendix Section A1.1.9.2 for Prestressed Slab Interior Bent Design/Detail Sheets.
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1.1.93 Structure Widenings, Interior Bents

Generally, connections between structure bents should be detailed to tie the structures together, but prevent
dead load and concrete shrinkage loads from being transferred to existing bents.

Example details are shown below and on the following pages.

The method below allows the new x-beam to deflect during the construction loadings with minor load
transfer to the existing x-beam.

CROSS BEAM CONNECTION
No Scale

3” dia. x 1’-6" long
compressible materials

4-#8 x 6°-0",drill and grout
3°-0” into existing X-beam.
Slant hole 10° downward to allow
air escapement

POUR SCHEDULE
(INCLUDING CLOSURE PQOUR)

@ Make pour in end beams and diaphragms @ Make pour in end beams and diaphragm of

. closure pour section.
@) Make pour in deck slab. Delay pour

@) a min.of 3 days after pour (D). @ Make pour in deck slab of closure pour.

A ftransverse deck construction joint Delay a minimum of 3 days after pour .
may be made at any diaphragm beam. . . .

Delay pouring adjacent deck sections ® Make pour in bridge rail.

a minimum of 36 hours.

Fig. 1.1.9.3A
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1.1.93 Structure Widenings, Interior Bents - (continued)

The method below allows the widening construction to be completed before the connecting bars are grouted
and able to transfer loading from the new x-beam to the existing x-beam.

For dowel bars extending into X-beam
provide 2” dia. corrugated galv.

pipes (sealed at free end). Attach”
dia. conduits at ends for pressure
grouting.

Place new . X-beam conc. 4-#8x6'-0", drill and grout 3'-0"
against Y4 preformed into existing X-beam. Slant hole 10°

expan. jt. filler downward to allow air escapement.

CROSS BEAM CONNECTION AND
CLOSURE POUR DETAIL

No Scale
POUR SCHEDUL E
(INCLUDING CLOSURE POUR)
@ Make pour in end beams and diaphragms @ Make pour in end beams and diaphragm of
. closure pour section.
@) Make pour in deck slab. Delay pour (2)
a min.of 3 days after pour(1). A @) Make pour in deck slab of closure pour.
transverse deck construction joint Delay a minimum of 3 days after pour
may be made at any diaphram beam. Delay .
pouring adjacent deck sections a minimum (&) Pressure grout dowels in cross beam.
of 36 hours. (6) Make pour in bridge rail.

Figure 1.1.9.3B
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1194 Columns in Slopes
Special attention should be given to situations where new fill could exert lateral pressure against bents other

than the end bents. Such situations may require special construction sequence notes and/or special footing
design including battered piling.

Figure 1.1.9.4A

1.1.95 Column Design, General

See Section 1.6 for column loading criteria for vehicular impact, depending on type and location of barrier
used (ODOT Instructions for AASHTO LRFD 3.6.5).

For both tied and spiral columns, ensure adequate space for man access for tying and inspection.

Multiple interlocking spiral is the preferred choice for non-circular columns. Use 0.75 spiral diameters as the
maximum center-to-center spacing of spirals. In this way, the smaller column dimension will dictate the
larger column dimension. Closer center-to-center spacing of spirals is possible but would reduce the access
space for tying and inspection. At least 4 vertical bars must be placed within the spiral overlap area. A
photo log from FHWA is available showing how multiple spirals have been constructed.

Corners will normally be filleted or rounded. Using rectangular corners would normally require nominal
corner vertical bars with ties developed within the core area. Such ties would interfere with bar tying and
inspection. Therefore, design corners to be considered "expendable" in an earthquake, by detailing the
rebar so that it is not developed within the core.

Bundled bars should only be oriented tangentially (both bars touching the spiral). Multiple concentric rings of
bars are not a constructible option with multiple interlocking spirals, but may be used in detailing of circular
columns.

Apply LRFD equations (5.7.4.6-1, 5.10.11.4.1d-1, 5.10.11.4.1d-2 and 5.10.11.4.1d-3) using volumes for a
single spiral, using a theoretical minimum-cover column with 2” of cover to determine gross area in these
equations. The maximum spiral yield strength to be used in determining spiral spacing is 60 ksi. The
heavier spiral confinement requirements for plastic hinge areas do not apply to tops of columns that are
pinned.

Where columns are supported by drilled shafts, use a non-contact splice as shown in Figures 1.1.5.5A or
1.1.5.5B. Ensure column diameter is less than shaft diameter according to 1.1.5.5(1). Provide confinement
reinforcement meeting the requirements in LRFD article 5.10.11.4.1d for column segments extending into
drilled shaft as shown in Figures 1.1.5.5A and 1.1.5.5B.
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1.1.95 Column Design, General - (continued)
Specify ASTM A 706 reinforcement for vertical column bars when columns are supported on drilled shafts or
when plastic hinging is anticipated in either the top or bottom of the column.

Specify 3/4” maximum aggregate size in footings, columns and crossbeams. . To maintain the shape of the
spirals, use a maximum vertical bar spacing of 8.

Containing an 8” dia. drain pipe within the column and taking it out between spread bars at the bottom is
not an option since confinement requirements would be violated. .

1.1.9.6 Spiral Reinforcing

Use spiral reinforcing for all columns. For column designs not controlled by seismic loading, spirals shall
extend from a minimum 2” below the top of the footing to the bottom of the steel in the cross beam or

longitudinal beam.

Where plastic moment capacity is required between column-to-crossbeam connections, extend the spirals
into the crossbeam to the top crossbeam steel.

Spiral spacing
< %D

4 bars minimum in
. spiral overlap.
Bundle bars tangential,

if used. D /

D
Width

Length will be some multiple
of width and spiral diameter

Figure 1.1.9.6A
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Spiral Reinforcing - (continued)

The following notes apply to the specification above and are for designer information only:

Deformed bars (ASTM A615 Grade 60, or ASTM A706) can be specified in sizes from #3
through #6.

A496 is included in the list. It is difficult to obtain now but, with the increased use of spiral
columns, it may possibly become more available in the future.

A706 is formulated to be weldable so submission of chemical analysis is unnecessary. It is also
preferred because it is the most ductile.

A82 cannot be mechanically spliced because it lacks deformations. It is available only in sizes
5/8” dia. or less.

ASTM A82 and A615 Grade 60 bars are available in coils. Average A82 bar coils have a weight
of approximately 1500 Ib, and A615 deformed bar coils have a weight of 3000 Ib to 4500 Ib,
depending on the size of the bar.

For ease of handling, spirals are generally fabricated without splicing in weights up to a
maximum of 200 Ib per piece for diameters 8 and under.

Coated spiral bars are fabricated using ASTM A706 bars. Stock lengths are generally 40’ to
60’. Bars are spliced using the weld lap splice method. Maximum shipping mass is 200 Ib for
ease of handling and protection of the coating.

Approved mechanical fasteners may be used provided the full strength of the bar is developed.
Use of lapped splices should be avoided because of the 80d lap requirement and because
hooks into the core will inhibit access for tying and inspection. Use of lapped splices is not

permitted for spirals less than 3’-4” diameter.

The plans should state the type of spiral reinforcement used in computing reinforcing quantities.
Normally the Designer should assume A706 with welded splices.
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1.1.9.6 Spiral Reinforcing - (continued)

Standard spiral splice and termination details are shown below.

10”7, 135° Hks.,
(typ.), may be field benft.

LAPPED SPLICE
See Note A

Start of pitch
when weld is
used to anchor

Note — A:

Use ASTM A706 for all welded splices, except

ASTM A615 Grade 60, ASTM A82 or ASTM A496

may be used if copies of the chemical composition analysis

are submitted and approved as weldable by the Engineer.

Anchor spirals at each end or discontinuity with one

extra turn and a splice to itself as shown. Where permitted on
plans, provide closed hoops conforming to the requirements of this
detail. Lapped splice is not allowed within 1/6 the column height
or max. column cross sectional dimension or 18" from top

of footing or bottom of cap beam, or in columns with spirals

less than 3’-0” in diameter.

Note: Make flare weld .
in direction shown. Start of pifch when
mechanical splice

1"-0" is used to anchor spiral

min. lap unit
length oL

fon off &2 07—/ Lopearon  Onepor ||
11ye OF weld dia (typ)

(0.3d)
MECHANICAL SPLICE
WELDED SPLICE (Not allowed for

See Note A ASTM A82 spirals)

SPIRAL SPLICE / TERMINATION DETAIL

No Scale

60°

KR
O

0
e to 355" F 1 Max. d/3

Min. d/4
ALTERNATE WELDED SPLICE
(Except ASTM A82)

Weld reinforcing steel splices in accordance with the latest edition of AWS D1.4.

“Structural Welding Code Reinforcing Steel”
No Scale

Figure 1.1.9.6B
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1.1.9.7 Column Steel Clearance in Footings

Column steel hooks are placed on top of the footing mat to avoid the need for threading footing steel through
the column steel cage.

Min. spacing
2U el or 115d cl.

3" min. cl.
(6" min. cl. ar stream ¢rossings)

Figure 1.1.9.7A

1.1.9.8 Column Hoops

Due to seismic requirements, use hoops and ties only to supplement spiral reinforcement for architecturally
shaped columns to provide some confinement to concrete that is "expendable" in a major seismic event.
Terminate these supplemental hoops and ties without the normal extension (hooks) into the interior mass of
the column concrete. Because these architectural features are expendable and are not considered in the
analysis and design we want to allow their failure. They should be detailed so they do not add undesired
stiffness and strength.

This = Not This =

—— s

Figure 1.1.9.8A
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1.1.99 Vertical Bar Splices

Do not splice vertical column bars for columns less than 30 feet in length (no footing dowels). For longer
columns, splices may be made as shown below in the middle 1/2 (preferably at mid-height) of the column
(outside the plastic moment areas).

The development requirements may require 180 degree hooks of the column verticals in the cap beam. Pay

attention to how the column verticals, extended spirals, bottom cap beam bars, and post-tensioning ducts all
fit together.

T T}
w o N
— £§ S
ks \I
sz "
L] 8"* N
=0 o
FH— QS o
S&§ %\
A A AL

— Enfer length of class “B” Approved mechanical splice
splice per AASHTQ manual repqpuired for #14 andp# 18 bars;

permitted for smaller bars.

Figure 1.1.9.9A

1.1.9.10 Optional Hoop Detail at Bottom of Column

The detail below will facilitate more effective concrete placement in the core area of the footing. The 6” gap
is used to facilitate placement of the top mat of reinforcement.

UL /

Minimum of 4 welded
circular hoops at
bottom of column. ", .
Space hoops at required Position of circular
spiral pitch. hoops during footing
pour. (stagger splice
location when placing

ESEEEEEEEEEEE | hoops)
=5 00pS

OPTIONAL HOOP DETAIL AT BOTTOM OF COLUMN

Figure 1.1.9.10A
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1.1.9.11 Footing Reinforcing

Provide a mat of reinforcing steel (minimum of #5 bars at 12” centers each way) in the top of all footings. If
calculated loads require larger amounts of reinforcement, the latter controls. Also provide U-bars at 12”
centers around the periphery of the footing.

Extend spirals at least two inches into the footing. Place the footing top mat immediately below the spiral
termination. Place additional spirals below the mat (use a 6” spiral gap) down to the vertical bar's point of
tangency. Use the same spiral pitch at all locations.

o

e /(Mim'mum #5 @ 127 each way
S —

S —
1 /#___ C-bars @ 12" each
_J vertical face w/12” legs

nnnnnnnnnnnnnnnn

LVerﬁca/ bar’s hook
tangency point.

Figure 1.1.9.11A

1.1.9.12 Sloped Footings
General criteria for sloped footing tops are:

) The required footing thickness adjacent to the column should be at least 4-6". (No
minimum edge thickness is specified except as required for shear.)

e The amount of concrete saved should be at least 10 yd3.
e The top may be sloped either two ways or four ways, but should not be steeper than 2:1.

e A horizontal area should be provided 6” to 12” wide outside the base of the column to facilitate
forming the column.
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1.1.10 Seismic Design

1.1.10.1 Design Philosophy

AASHTO has been very active over the past few years on updating the Seismic Design procedures and
practices for highway bridges. As a result, the 2008 Interim Revisions to the 4" edition of the AASHTO LRFD
Bridge Design Specifications were developed in late 2007. Though these revisions still support a “force-
based” design philosophy, they represent a significant update to many areas of the seismic design
provisions in AASHTO LRFD Bridge Design Specifications. In 2008, AASHTO also adopted the Guide
Specifications for LRFD Seismic Bridge Design, a standalone document, which represents a “displacement-
base” design philosophy.

Design all bridges for full seismic loading according to the 1% edition of AASHTO Guide Specifications for LRFD
Seismic Bridge Design. Comply with ODOT’s additional requirements and guidelines summarized in Section
1.1.10.2 of this manual if designing seismically according to 4ASHTO LRFD Bridge Design Specifications for
projects initiated prior to May 1%, 2009, or Section 1.1.10.3 of this manual if designing seismically according
to AASHTO Guide Specifications for LRFD Seismic Bridge Design.

Notify and consult ODOT Bridge Section for decisions involving deviations to the standard seismic design
practices described in this manual. Deviations from the following guidelines should be justified and
documented. The documentation should be in the permanent bridge records.

At the end of the design process, fill in and submit to ODOT Bridge HQ a copy of the Seismic Design/Retrofit
Data Sheet. A copy of this form can be downloaded at:
http://www.oregon.gov/ODOT/HWY/BRIDGE/standards _manuals.shtmi

Seismic load effects should be considered for all projects using the following guidelines:
1.1.10.2 Applications of AASHTO LRFD Bridge Design Specifications
1.1.10.2-1 General Considerations

New Bridges: Design all bridge components for full seismic loading according to the current edition of
AASHTO LRFD Bridge Design Specifications, except as modified by BDDM Sections 1.1.9.5 to 1.1.9.11,
1.1.10 and 1.1.11. Consider the load factor for the Live Load on Extreme Event Load Combination I, YEQ
=0 (AASHTO LRFD Article 3.4.1), unless the bridge is designated by Bridge Section as a major, unusual
or unique structure. Seismic ground motion values should be based on the 2002 USGS Seismic Hazard
Maps. ODOT versions of these maps are available at the ODOT Bridge Standards and Manuals web
page: http://www.oregon.gov/ODOT/HWY/BRIDGE/standards _manuals.shtml . The 2002 USGS Seismic
Hazard Maps and other ground motion data may be obtained from the USGS web site at the following
web address: http://earthquake.usgs.gov/research/hazmaps/ . The latitude and longitude of the site is
needed to obtain the most precise data.

A program to develop the response spectra using the general procedure has been developed by the
Bridge Section and can be accesses through the following the link:
http://www.oregon.gov/ODOT/HWY/BRIDGE/standards _manuals.shtmi
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1.1.10.2-1 General Considerations — (continued)

ODOT requires all new bridges to be designed for a two-level performance criteria as follows:

(1) 1000-year “No Collapse” Criteria: Design all bridges for a 1000-year return period earthquake (7%
probability of exceedance in 75 years) under “No Collapse” criteria. To satisfy the “No Collapse”
criteria, use Response Modification Factors from Table 3.10.7.1-1 of the AASHTO LRFD Bridge Design
Specifications using an importance category of “other”.

(2) 500-year “Serviceable” Criteria: In addition to the 1000-year “No Collapse” criteria, design all bridges
to remain “Serviceable” after a 500-year return period event (14% probability of exceedance in 75 years).
To satisfy the “Serviceable” criteria, use Response Modification Factors from Table 3.10.7.1-1 of the
AASHTO LRFD Bridge Design Specifications using an importance category of “essential”. When requested
in writing by a local agency, the “Serviceable” criteria for local bridges may be waived.

Long Span Bridges: Article 3.10.1 of the AASHTO LRFD Bridge Design Specifications states that the
seismic provisions of that manual are applicable for bridges with spans not exceeding 500 ft. For seismic
design of bridges with spans exceeding 500 ft, consult with the Seismic Design Standards & Practice
Engineer to discuss whether special analysis and design procedures are warranted.

Bridge Widenings: Design selected bridge portions for seismic loading as directed by the flowchart shown
in Figure 1.1.10.2-1A. Design by the same criteria as for "New Bridges".

Potential Factors Affecting Seismic Performance of Bridge Widenings (see Flow Chart, Figure 1.1.10.2-1A):

Question 1
Widening without adding new columns will make a bridge more vulnerable to seismic loads.
Clearances for railroads or highways under structures may prevent adding new columns.

Question 2
Widening on both sides will increase the potential for the new portion to be able to resist seismic
loads for the full widened structure.

Widening on one side only may actually result in a completed structure that is more vulnerable than
the original structure.

If widening is on one side only, is there a possibility another future widening could be placed on the
opposite side?

It will not normally be practical for a widening to resist the total seismic load (existing and widening)
when widening on only one side; there will be exceptions, however!

Question 3
A formal seismic analysis may be required to answer this question.

Although the existing structure may have inadequate capacity, it will have some capacity that can
probably be taken advantage of.
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1.1.10.2-1 General Considerations — (continued)
Potential Factors Affecting Seismic Performance of Bridge Widenings - (continued)
Question 4

Structures which are connected must have compatible deflections at connections.

We are usually not concerned about the seismic load generated from one structure colliding with an
adjacent structure; there are exceptions, however!

Providing a joint between the widening and existing structure will probably increase the potential for

the new portion to resist seismic loads. If the widening adds enough width for at least two lanes and
the longitudinal joint would not be in a travel lane, a joint should be considered.

Question 5
Base isolation is strongly encouraged, especially when bearing replacement is required anyway.

When footing strengthening is required, Phase 2 will probably not be practical due to the high cost.
If cost is the primary decision factor, a realistic estimate of Phase 2 retrofit cost should be prepared.
Don't say it costs too much without knowing how much too much is!

The closer footings are to the ground surface, the more practical Phase 2 will become.

Question 6
If existing columns are not stressed beyond the elastic range they will probably not need a Phase 2
retrofit.

The existing structure will have to go through the same deformations as the new portion even
though the capacity may not be included in the seismic analysis.

Question 7
If you can't see the new portion acting separately, do not waste time assuming it will!

Widening with only one new column per bent vs. multiple columns on the existing structure probably
do not need to be modeled separately.

Consider the potential for another future widening. Perhaps size the footings larger than necessary.

Question 8
Is it even possible to close the structure to replace it? Can it be replaced in stages? Is it historic?

A new structure will usually be far superior to a "band-aided" structure.
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1.1.10.2-1 General Considerations — (continued)

Potential Factors Affecting Seismic Performance of Bridge Widenings - (continued)

Question 9
FHWA requirements take effect when the new structure actually has more travel lanes than the
existing structure. Widenings that add only shoulder width or median width are not affected. FHWA
requirements may assist in convincing Region of including Phase 2 seismic retrofit, but it is not
intended to force a Phase 2 retrofit when it really is not practical.

For projects exempt from FHWA review, the Technical Services Branch Manager will approve
exceptions to FHWA policy.

Question 10
Region holds the money. They may have factors/priorities we don't know about.

Question 11
Refusal by Region to fund the needed retrofit and refusal by FHWA to grant an exception (if federal
funding) could lead to cancellation of the project.

It would be desirable to calculate a cost-benefit ratio. Unfortunately, no guidelines are available to
determine the appropriate input values.
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General Consideration — (continued)

1.1.10.2-1

Potential Factors Affecting Seismic Performance of Bridge Widenings - (continued)
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1.1.10.2-1 General Considerations — (continued)

Seismic Retrofit: There is currently no funding within ODOT solely to upgrade the seismic load resistance
of select structures. However, when the seismic retrofit design is included in a project, the design shall use
a phased approach.

Phase 1 - Work during this phase is intended to prevent superstructure pull-off and bearing failure.
This is the nature of almost of our retrofit program at this time. The publication "Seismic
Retrofitting Manual for Highway Structures" (FHWA-HRT-06-032) is recommended as a
reference source to supplement our Bridge Design and Drafting Manual.

Phase 2 - Work during this phase involves substructure (columns and footings) ductility enhancement
and strengthening. Any additional or deferred Phase 1 work would also be included. The
end product is a retrofitted bridge with as much seismic loading resistance as a new
bridge would have for the site. Bridges retrofitted to this performance level will be
uncommon.

Seismic Retrofit shall be included for all projects when bridges are located on Seismic Zone 3 or 4. As a
minimum, include at least Phase 1 retrofit. Assure that the girders will not pull off longitudinally or slide off
laterally from the bents. This will normally involve addition of cable restraints, shear blocks, and beam
seat lengthening and widening.

The Designer must identify a seismic design concept which will accomplish the intent to preclude span
pull off or collapse of the superstructure. Depending on the concept selected, some strengthening of the
superstructure may be required to assure loads generated at the restraints or shear blocks can be
transmitted without exceeding design stresses in the superstructure. Short pedestals or secondary
columns above the main bent cap level must also be investigated for seismic induced loading and
strengthened or braced, if necessary.

Bearings are upgraded to elastomeric bearings, if needed to assure the designer's concept will work.
Upgrading the bearings to elastomeric should also, be considered to improve seismic performance when
the existing bearings are known to have poor seismic performance, such as steel rocker bearings.
Analysis for Phase 1 will normally consist of a single degree of freedom model, which may be sufficient
for normal bridges. However, a higher level analysis may be required, if needed to fully develop the
designer’s concept, or for bridges with irregular column lengths of multi-column bents or if the bents have
significantly different stiffness. Full column sections (uncracked) are used for this level of analysis to
develop connection design loads. This is the minimum level of work that must be included. The designer
may use cracked section analysis to investigate the maximum anticipated movements.

The structure should also be evaluated to investigate the level of effort and scope of work needed to do
Phase 2 retrofit. Phase 2 involves a complete seismic analysis of the widened or rehabilitated bridge for
full seismic loading, including consideration of strengthening or restraints to the superstructure,
substructure and foundations. The work may involve column and footing strengthening or enlargement,
or the use of isolation bearings, and soil improvement, if there is potential for liquefaction. The decision
about whether to actually do the Phase 2 retrofit in the project will be made after developing a retrofit
concept, rough cost estimate and evaluation of the relative importance of the bridge to the transportation
network, in comparison to the estimated cost and available funding for the project. The flowchart for
seismic design of widenings in section 1.1.10.2-1 (Figure 1.1.10.2-1A) of the BDDM can be used as a
guide to make the decision. On major, unusual or border bridges, the decision should involve discussion
with Bridge Section, since seismic retrofit criteria for these structures are specific to the site.
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1.1.10.2-1 General Considerations — (continued)

A seismic retrofit analysis typically requires the use of a “Site Factor” to develop the response spectrum
used in the analysis. Site factors are based on the soil conditions at the site, (categorized as Site Classes
A - F) as described in the FHWA Seismic Retrofitting Manual for Highway Structures, Table 1-3. For most
normal bridges requiring Phase | retrofit work the site class can be determined using either existing soils
data or a general knowledge of the site geology and soil conditions. If limited knowledge is available the
default designation of Site Class D is acceptable. However, for Phase Il level retrofit analysis more
detailed soils information is required to better determine the design response spectrum and also to
adequately characterize and model the foundations in the analysis. Additional exploration work may be
required to obtain this information. This additional work is justified due to the increased cost of Phase |l
retrofit work and the need for a more refined analysis.

Rail Upgrade, Deck Overlays, Preservations, Repair, Strengthening, and Others:
These projects should include seismic retrofit as described previously for "Seismic Retrofit".

Temporary Bridges: Design all temporary bridges that are expected to be in service for more than one year
according to AASHTO LRFD Atrticle 3.10.10.

For all bridges that are expected to be in service for one year or less, provide the minimum support length
requirements according to AASHTO LRFD Article 4.7.4.4.
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1.1.10.2-2 Specification Interpretations and Modifications

Nomenclature:

= = - = = _=

~—Column/Pier N\ Pile Bent —Column/Pier ~

/P/'/e cap

Piles

—Shart Fooﬁng\.—|

Figure 1.1.10.2-2A

Response Modification Factors and other Special ltems:

¢ All Single Spans:
¢ No response madification factors -- not applicable.

e Provide for connection force of: “Tributary weight” x "As", where A; = F,,,*"PGA, or
provide the specified minimum support length according to AASHTO LRFD Article
4744,

e Free standing abutments (expansion jointed systems) are to be designed for
pseudostatic Mononobe-Okabe method lateral earth forces.

e Seismic Zone 1:
¢ No response madification factors -- not applicable.

e Provide for connection force of:
0.15*F,, when A< 0.05, or
0.25*F,, when A= 0.05, where F, is the vertical reaction at connection, or
provide the specified minimum support length.

e Seismic Zone 2:
e Design and detail Zone 2 structures by Zone 3 and 4 criteria except for the following

design provisions:

e When determining the capacity for compression-controlled sections for extreme event
limit state use Resistance Factors of ®=0.75 in accordance with AASHTO LRFD, as
specified for Zone 2 in Article 5.5.4.2.1.

e When designing the reinforcement for compression members, design in accordance
with AASHTO LRFD, Atrticle 5.7.4.2 “Limits of Reinforcement” for Seismic Zone 2.
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1.1.10.2-2 Specification Interpretations and Modifications — (continued)
e Zones 3 and 4:

e Columns and Piers:
e Moment: R=2to5(AASHTO LRFD, Table 3.10.7.1-1, right column)
e Shear: R=1
e Axial: R=1

NOTE: The plastic hinging capacity should be determined from column interaction curves with
axial and moment ® values of 1.0. Enter the curve with the unfactored dead load axial force
(plus any redundancy induced axial force due to lateral seismic loading), determine the
accompanying moment capacity and multiply this value by 1.3. This is the plastic moment
capacity.

e Foundations:
e Pile Bent: Treat as columns and piers (R=5). Splices shall be designed to at
least the lesser of 1.3xMpsic for the portion above or below the splice. This
splicing requirement shall not apply to full penetration welded splices.

e Footing - pile cap - piles:
e Moment, shear, & axial: R = 1 (elastic analysis forces) or,
e Moment: Plastic moment capacity of the selected column.
e Shear and Axial: Value accompanying the plastic moment capacity of the column
(see "Columns" above).

e  Other Special ltems:
e Confining Reinforcement (plastic hinge zones)
The transverse reinforcement for confinement required in plastic hinging
zone shall satisfy equations 5.7.4.6-1, 5.10.11.4.1d-1, 5.10.11.4.1d-2, and
5.10.11.4.1d-3 of the A4SHTO LRFD Bridge Design Specifications.

Plastic zone limits shall be defined as the greatest of maximum column
dimension, (column height)/6, or 18”.

Extend confining reinforcement into footing or crossbeam by the greatest
of (maximum column dimension)/2, or 15",

Maximum confining reinforcement spacing is the lesser of (the least
member dimension)/4, or 4”.

Shear reinforcing meeting the detailing requirements of confining
reinforcement may be considered as part of the required confining
reinforcing.

e  Column Moment Strength Reduction Factor (® factor)

Use @ = 0.9 on checking the P-A Requirements as per AASHTO LRFD,
Article 4.7.4.5.
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Specification Interpretations and Modifications — (continued)
e Column Shear Strength Modifications (end regions)
End region limits shall be defined as the greatest of maximum column

dimension, (column height)/6 or 18”.

If axial stress > 0.1f"; use V. as specified in AASHTO LRFD Article 5.8.3.
Vary V. linearly from normal value to O for axial stress between 0.1f"; and
0.

¢ Longitudinal Reinforcement Development
Provide anchorage development for steel stress = 1.25f,.

Detailing

(1) Columns:

For column design and reinforcement practices, see Section 1.1.9 of this manual.

(2) Footings:

All footings must have a top mat of bars whether or not uplift is calculated. Extend spirals at
least 2”7 into top of the footing. Place the footing top mat immediately below the spiral
termination. Place additional spirals below the mat (use a 6” spiral gap) as needed to meet
the confining reinforcement layout of Section 1.2.7.11. Use the same spiral pitch at all
locations. See the optional detail for alternate containment reinforcing in the column to
footing connection in Section 1.2.7.10.

Note the allowable reduction in reinforcement development length for bars enclosed within a
spiral (44SHTO LRFD Bridge Design Specifications, Article 5.11.2.1.3).

(3) Crossbeams:

1.1.10.2-4

Column to crossbeam connections where plastic moment capacity is required shall have spirals
extending into the crossbeam in the same general manner as described above for the column-
to-footing connection.

Structure Modeling

(1) Structure Modeling, General:

Use a "first cut" analysis with fixed supports. These results will be easier to interpret than a
spring supported model and will give a baseline for comparison with additional analyses. With
these results, make a rough substructure design. Now a new analysis can be performed with
footing springs and the substructure design checked and refined. Additional cycles of redesign,
analysis, and force comparison to previous analyses could be used in some cases but generally
would not be required or warranted.

A reasonable target for a seismic design check is 20 percent. Designer and Checker should

resolve differences greater than 20 percent, but it is impractical to try to refine the design
beyond that.
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Structure Modeling - (continued)

(2) Footing Springs:

See Section 1.1.4 of this Manual.

(3) Programs:

The Uniform Load and single mode dynamic analysis methods are acceptable for many
structures (see the code limitations) but multi-mode dynamic analysis by computer may be
easier. The result of any analysis method must be judged for correctness. Is the result
reasonable? Reviewing the calculated periods, modal participation factors and mode shapes
can greatly aid this judgment. A high level of engineering judgment will be required at all times.

M-STRUDL, a PC program, has been ODOT'’s primary in-house static and dynamic analysis
tool. GT-STRUDL and MIDAS can also solve dynamic problems and are available for bridge
designers working at Bridge HQ or Region Tech Centers. Many design firms have adopted the
use of SAP2000 or STAAD for seismic design of bridges. Other programs are also acceptable,
provided the programs satisfy the analysis requirements and have been previously verified.

(4) Sample Problems:

1.1.10.2-5

Sample problems are shown in the Bridge Example Design notebook, and can be downloaded
at  http://www.oregon.gov/ODOT/HWY/BRIDGE/standards _manuals.shtml, under Seismic
Design Examples.

Footing/Pile Cap Design

(1) Piling:

Nominal pile resistances should be used with the seismic load case (Table 3.4.1-1, Extreme
Event-l) to determine pile requirements. Uplift resistance may be used for friction piles if the
piles are properly anchored. Consult with the Foundation designer for site specific values.
Piles under tension that are not capable of resisting uplift should be neglected during analysis
for seismic loadings. The remaining piles must provide sufficient support and stability.

(2) Reinforcing Steel:

Control of cracking requirements of Article 5.7.3.4, AASHTO LRFD Bridge Design Specifications,
do not apply to seismic load cases.

Pile supported footings should normally have the bottom mat reinforcing above the pile tops.

Footings with this scheme are preferable to thinner footings with the bottom mat detailed lower
(between the piling). This is for constructability.
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1.1.10.3 Applications of AASHTO Guide Specifications for LRFD Seismic Bridge Design
1.1.10.3-1 General Considerations

As of 2009, ODOT has fully adopted the use of AASHTO Guide Specifications for LRFD Seismic Bridge Design
for designing Oregon bridges subjected to earthquake loading. The following summarizes ODOT’s additional
requirements and deviations from the A4SHTO Guide Specifications for LRFD Seismic Bridge Design.

Design all bridge components for full seismic loading according to the 1% edition of AASHTO Guide
Specifications for LRFD Seismic Bridge Design, except as modified by BDDM Sections 1.1.9.5 to 1.1.9.11,
1.1.10 and 1.1.11. Consider the load factor for the Live Load on Extreme Event Load Combination |, yEQ =
0, unless the bridge is designated by Bridge Section as a major, unusual or unique structure. Seismic
ground motion values should be based on the 2002 USGS Seismic Hazard Maps. ODOT versions of these
maps are available at the ODOT Bridge Standards and Manuals web page:
http://www.oregon.gov/ODOT/HWY/BRIDGE/standards_manuals.shtml . The 2002 USGS Seismic
Hazard Maps and other ground motion data may be obtained from the USGS web site at the following web
address: http://earthquake.usgs.gov/research/hazmaps/. The latitude and longitude of the site is needed to
obtain the most precise data.

ODOT requires all new bridges to be designed for a two-level performance criteria as follows:

(1) 1000-year “No Collapse” Criteria: Design all bridges for a 1000-year return period earthquake (7%
probability of exceedance in 75 years) under “No Collapse” criteria. To satisfy the “No Collapse” criteria,
comply with the following requirements and guidelines:

e Seismic Design Categories (SDC) A, Band C

e Meet all design requirements for SDC A, B and C according to the AASHTO Guide
Specifications for LRFD Seismic Bridge Design.

e Seismic Design Category (SDC) D

e Meet all design requirements for SDC D according to the 4ASHTO Guide Specifications
Jfor LRFD Seismic Bridge Design, except as modified below:

e The maximum concrete strain in confined section of the columns (g) shall not
exceed 90% of the ultimate concrete strain (&), computed by Mander’'s model.

e The maximum strain of reinforcing steel shall not exceed the ", as defined on
Table 8.4.2-1 of the AASHTO Guide Spec.

e The maximum strain of prestressing steel shall not exceed ngS,u =0.03

The above guidelines are applicable even for the other Seismic Design Categories, if Pushover
Analysis will be used instead of the implicit equation.

(2) 500-year “Serviceable” Criteria: In addition to the 1000-year “No Collapse” criteria, design all bridges
to remain “Serviceable” after a 500-year return period event (14% probability of exceedance in 75 years).
To satisfy the “Serviceable” criteria, comply with the following requirements and guidelines:
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General Considerations — (continued)
Seismic Design Categories (SDC) A, B, Cand D

e Verify the “Serviceable” performance for a 500-year return event when potentially
liquefiable soils are present on site.

Seismic Design Categories (SDC) A and B
e No structural analysis is required for “Serviceable” criteria.
Seismic Design Category (SDC) C

e Each bridge bent shall satisfy the equation 4.8-1 of the AASHTO Guide Spec (A"p <
AYc), where A'¢ is determined from the equation 4.8.1.1 of the AASHTO Guide Spec
(displacement capacity for SDC B).

Seismic Design Category (SDC) D

¢ Meet all design requirements for SDC D according to the 4ASHTO Guide Specifications
for LRFD Seismic Bridge Design, except as modified below:

e The maximum concrete strain in confined section of the columns shall not
exceed eec=0.005

e The maximum strain of reinforcing steel shall not exceed 2%, where &, is
defined on Table 8.4.2-1 of the AASHTO Guide Spec.

e The maximum strain of prestressing steel (for 270 ksi strands) shall not exceed
EpsEE = 0.0086

Long Span Bridges: Article 3.1 of the AASHTO Guide Specifications for LRFD Bridge Design states that the

seismic provisions of this Manual are applicable for bridges with spans not exceeding 500 ft. For seismic
design of bridges with spans exceeding 500 ft, consult with the Seismic Design Standards & Practice
Engineer to discuss whether special analysis and design procedures are warranted.

1.1.10.3-2

Specification Interpretations and Modifications

The following items summarize ODOT’s additional requirements and deviations from AASHTO Guide
Specifications for LRFD Bridge Design:

Design all bridges to satisfy the Type-1 Global Seismic Design Strategy (ductile substructure
with essentially elastic superstructure), AASHTO Guide Spec Article 3.3. However, in case of a
steel substructure, the bridge shall be designed according to the latest edition of the AASHTO
LRFD Bridge Design Specifications.

Type-2 Global Seismic Design Strategy (essentially elastic substructure with ductile
superstructure) is not permitted by ODOT.

Type-3 Global Seismic Design Strategy (elastic superstructure and substructure with a fusing
mechanism between the two) can be considered upon the approval of the ODOT Bridge
Section.

The designer shall include a clear description of the selected Seismic Design Strategy in the
appropriate Calculation Book for the structure.
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Specification Interpretations and Modifications — (continued)

The following types of Earthquake Resisting Systems (ERS) or Earthquake Resisting Elements
(ERE) provided in AASHTO Guide Spec Atrticle 3.3 are permissible ERS or ERE for ODOT
bridges:

o Type1,2, 3,4 and5on Figure 3.3-1a
o Types123,7,8,9, 10, 12 and 14 on Figure 3.3-1b

Obtain Agency approval before considering the application of the following types of Earthquake
Resisting Systems (ERS) or Earthquake Resisting Elements (ERE) provided in AASHTO Guide
Spec Atrticle 3.3;

e Type 6 on Figure 3.3-1a
e Types4,5,6and 11 on Figure 3.3-1b
e Types 1 and 2 on Figure 3.3-2

The following types of Earthquake Resisting Systems (ERS) or Earthquake Resisting Elements
(ERE) provided in AASHTO Guide Spec Article 3.3 are not permissible ERS or ERE for ODOT
bridges:

e Type 13 on Figure 3.3-1b
e Types 3, 4,5,6,7,8and9 on Figure 3.3-2
e Types 1,2, 3 and4 on Figure 3.3-3

Identify the ERS for bridges in SDC B (AASHTO Guide Spec Article 3.5) when:
0.25 = Spq <0.30.

Pushover analysis can be used instead of the implicit equations to determine the Displacement
Capacity for SDC B and C as prescribed on AASHTO Guide Spec Article 3.5. However, in
such a case provide SDC D Level of Detailing, regardless of what SDC the structure is
designed for.

Satisfy the balanced stiffness and balanced frame geometry requirements for all bridges in SDC
C and D (AASHTO Guide Spec Article 4.1.2 and 4.1.3).

Use Procedure Number 2 (Elastic Dynamic Analysis) for designing all bridges with two or more
spans under seismic loading (AASHTO Guide Spec Article 4.2).
Use Procedure Number 3 (Nonlinear Time History), where applicable, with Agency’s approval.

Use a Damping Ratio of 5% (AASHTO Guide Spec Article 4.3.2) on all new bridges for seismic
loading. The application of the reduction factor, Rp, is not allowed without Agency’s approval.

Use Design Method 3 (Limited-Ductility Response in Concert with Added Protective Systems)

for designing the lateral seismic displacement demand (AASHTO Guide Spec Article 4.7.1) only
upon Agency’s approval.
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Specification Interpretations and Modifications — (continued)

Design Longitudinal Restrainers (AASHTO Guide Spec Article 4.13.1) in accordance with
section 1.1.11 of this Manual.

Participation of the end panel, wingwalls, and backwalls in the overall dynamic response of
bridge systems may be considered in seismic design of bridges. The provisions of Article 5.2 of
AASHTO Guide Spec may be used to determine the stiffness of abutment and wingwall backfill
material in lieu of Section 1.1.4.2(1) of the BDDM.

Select the Foundation Modeling Method (FMM) (AASHTO Guide Spec Article 5.3.1) according
to Section 1.1.4 of this Manual. For spread footing foundations, multiply the initial stiffness
(spring constant) as defined on Section 1.1.4 by 2.

Do not allow uplift or rocking of spread footings in all SDCs.

Perform Liquefaction Assessment for all bridge sites according to Chapter 6 of the ODOT
Geotechnical Design Manual.

Use the provisions in Article 7.2 of AASHTO Guide Spec in conjunction with the forced-based
seismic design procedure utilized in the AASHTO LRFD Bridge Design Specification and
requirements of this section of the BDDM.

Provide minimum shear reinforcement for bridges in SDC A, when 0.10 < SD1 < 0.15,

according to the requirements of Article 8.6.5 for SDC B, in addition of satisfying the

requirements of AASHTO Guide Spec Article 8.2.

Do not use wire rope or strands for spirals, and high strength bars with yield strength exceeding
75 ksi. Deformed welded wire fabric (AASHTO Guide Spec Article 8.4.1) may be used with

Agency’s approval.

The same size vertical bars may be used inside and outside of interlocking spirals (AASHTO
Guide Spec Article 8.6.7)

Provide minimum longitudinal reinforcement (AASHTO Guide Spec Article 8.8.2) of 1% for
columns in SDC B, C and D.

Extend the vertical column bars into oversized drilled shaft according to Section 1.1.5.5 of
BDDM, in lieu of AASHTO Guide Spec Atrticle 8.8.10.

Structure Modeling - Moved to 1.1.10.2-4

Footing/Pile Cap Design - Moved to 1.1.10.2-5

Liquefaction Evaluation and Mitigation Procedures
The liquefaction potential of foundation soils will be determined by the Foundation designer. If
foundation soils are predicted to liquefy, the effects of liquefaction on foundation design and

performance will be provided as described in Section 1.1.5. The need for liquefaction mitigation
will be in accordance with the following ODOT Liquefaction Mitigation Policy.
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Liquefaction Evaluation and Mitigation Procedures (continued)

Foundation Design Engineer evaluates liquefaction potential using
the 500 yr. event and estimates approach fill deformations
(lateral displacements, settlement and global stability)

y

Check liquefaction and
estimate displacements
under 1000 yr. event

AN%

Is there potential for large embankment deformations?

(see Note 1 below)

\/

No

Yes

Y

Foundation and
Structural Designers
determine damage
potential to structure and
possibility of collapse

(see Note 2 below)

Foundation and Structural Designers meet and determine damage
potential to structure and serviceability of bridge. Will the bridge and/or
approaches be damaged such that the bridge will be out of service?

y

Typical Design

No

Is there a possibility of
bridge collapse?

Yes

Yes

Y

Note 1: For meeting the performance requirements of the 500 year return event (serviceability), lateral deformation of
approach fills of up to 12” are generally considered acceptable under most circumstances pending an evaluation of
this amount of lateral deformation on abutment piling. Larger lateral deformations and settlements may be acceptable

Proceed with Mitigation Design Alternatives
(see Note 3 below)

under the 1000 year event as long as the “no-collapse” criteria are met.

Note 2: The bridge should be open to emergency vehicles after the 500-year design event, following a thorough
inspection. If the estimated embankment deformations (vertical or horizontal or both) are sufficient enough to cause

concerns regarding the serviceability of the bridge mitigation is recommended.

Note 3: Refer to ODOT research report SPR Project 361: “Assessment and Mitigation of Liquefaction Hazards to
Bridge Approach Embankments in Oregon”, Nov. 2002 and FHWA Demonstration Project 116; “Ground Improvement
Technical Summaries, Volumes | & II”, (Pub. No. FHWA-SA-98-086) for mitigation alternatives and design

procedures.

As a general guideline, the foundation mitigation should extend from the toe of the end slope to a point that is located

at the base of a 1:1 slope which starts at the end of the bridge end panel:

Existing Grade \

Original Ground

2:1 (typ.)

Bridge End Panel (30 ft. typ.
. g ( yp.)

1

Limits of Mitigation

Y
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1.1.10.7 Costs

(1) Construction costs:- Apply the following factors to TS & L (preliminary) structure cost estimates to
approximate the additional cost of seismic criteria (excluding liquefaction):

¢ Single Spans: 1.00

e Multiple Spans: 1.30 Irregular (widely varying columns lengths or support materials;
unusual geometry or curvature)
e 1.10 Other

(2) Design costs:- Apply the following factors to TS & L (preliminary) design cost estimates to
approximate the additional cost of seismic design criteria (excluding liquefaction):

e Single Spans: 1.00

e Multiple Spans: 1.20 Trestles
1.50 Irregular (widely varying columns lengths or support materials; unusual
geometry or curvature)
1.35 Other

1.1.10.8 Instrumentation

Placement of accelerometers on the ground and on structure portions should be considered for large or
unusual structures. The Designer and Supervisor should consult with the Seismic Design Standards and

Practice Engineer to decide if this is appropriate and fits with the ODOT Seismic Instrumentation and
Monitoring Program.
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Dynamic Isolators

Isolators may be useful for either new construction or retrofit work. Isolators change structure response by
lengthening the periods of primary vibration. This tunes the structure response away from the typical
earthquake's maximum response frequencies. This effect, along with added damping, works to reduce the
system response. The result is reduced substructure forces.

Typical steps to model an isolated structure include:

1.

2.

Compute service loads (D, L, LF, CF, W, WL, R, S and T) for the worst single girder.

Use these loads, and the applicable seismic loading, in the Dynamic Isolation System, Inc.
(DIS) program PC-LEADER to get a preliminary isolator size and its properties. DIS has given
us permission to use the program even though we will not specify only their bearing.

Develop a full M-STRUDL model (superstructure, substructure, and bearings/isolators).
Normally this will be done on a per girder basis so the substructure should be proportioned to fit
this basis. The model can often be a two dimensional model.

In the M-STRUDL model use the equivalent isolator stiffness (Kez). This stiffness should be
further modified to fit modeling assumptions of a bearing cantilevered from the substructure at
interior supports.

Load the M-STRUDL model with dynamic loading through a modified response spectrum. The
response spectrum can be taken from the PC-LEADER output or developed from the Guide
Specification for Seismic Isolation Design.

Develop another full M-STRUDL model to represent the "as-is" structure. Dynamically load this
model with a normal response spectrum. This gives a basis to evaluate the isolation
effectiveness.

It may be necessary or desirable to adjust the relative isolator stiffness to better distribute the
dynamic forces. It is important the final isolator properties function adequately for service loads.
The isolator characteristics must also be realistic and achievable.

An example isolator modeling is given in the Bridge Example Design notebook.

Other computer programs are acceptable, provided the programs satisfy the analysis requirements and
have been previously verified.
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1.1.11 Seismic Restrainer Design (New Designs And Retrofits)
1.1.11.1 Seismic Restrainer Design, General

The intent is to prevent superstructure pull-off and bearing failure. Work restrainers only in the elastic range.
Design the restrainer connection for 125% of the restrainer design force.

Note that LRFD Bridge Design Specifications, Article 3.10.9.5 requires “sufficient slack” so that the restrainer
does not start to act until the design displacement is exceeded.

Restrainers may be omitted where the available seat width meets or exceeds “N” of the Design
Specifications and 4 times the calculated design earthquake elastic deflection. Seat widths meeting these
criteria are presumed to accommodate the large elasto-plastic movements of a real structure under seismic
loading.

Design restrainers for a minimum force equal to the peak site bedrock acceleration coefficient “A” times the
weight of the lighter portion being connected.

In all instances it is necessary to design or check the transfer mechanism for force transfer from

superstructure to substructure (bearings, diaphragms).

1.1.11.2 Information for Restrainer Design

(1) Concrete:

Concrete bearing strength based on 0.85f". (® = 1.0).

Maximum increase for supporting surface wider than loaded area = 2.0.
Multiply by 0.75 when loaded area is subject to high edge stresses.

For concrete shear lugs, use Equation 5.8.4.1-1 for shear friction as outlined in AASHTO LRFD Bridge
Design Specifications, Article 5.8.4.

(2) Structural Steel:

Design structural steel members using the AASHTO LRFD Bridge Design Specifications.
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Information for Restrainer Design - (continued)

(3) Fasteners:

(Steel to Steel)

A 307 A 325
Diameter Nominal Tension Shear Tension Shear
Area (in2) (0.76 x 60 ksi) (0.38 x 60 ksi) (0.76 x 120 ksi) | (0.38 x 120 ksi)
0.75” 0.4418 20.1k 10.1k 40.3 k 20.1k
0.875” 0.6013 27.4 k 13.7 k 54.8 k 27.4 k
1.0 0.7854 35.8k 179k 716k 35.8k

Note: Tension loads are based on LRFD equation 6.13.2.10.2-1.

Shear loads are based on LRFD equation 6.13.2.7-2 assuming one shear plane per bolt and
with threads included in the shear plane.

Shear loads may be increased 25% if the threads are excluded from the shear plane.

(4) Steel Rods:

A307 A449
Fu = 58 ksi Fu varies
Diameter Stress Area Tension (kips) Tension (kips) Fy
(in?) Ft=Fy=36 ksi Ft=Fy (ksi)
0.750 0.334 12.0 30.7
0.875 0.462 16.6 42.5 92
1.00 0.606 21.8 55.8
1.125 0.763 27.5 61.8
1.250 0.969 34.9 78.5 81
1.375 1.155 41.6 93.9
1.500 1.405 50.6 114.0
1.750 1.900 68.4 110.0 58
2.250 2.500 90.0 145.0

Tensioning of A449 steel rods must be specified, if required by the design.
Tensioning requirements are not part of the specification as they are with A325.
Use nominal area for elongation calculations.
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1.1.11.2 Information for Restrainer Design - (continued)

(5) Wire Rope:

See Section 1.2.5 for a complete discussion of Structural Wire Rope, Wire Rope Connections &
Turnbuckles. .

F¢=(0.95)(176.1 ksi)(area) = 0.95(minimum breaking strength).

Note: Yield strength is approximately equal to minimum breaking strength.

Diameter Area Minimum Breaking Strength Design Load
1/2” 0.119 in’ 23.9 kips 22.7 Kips
3/4” 0.268 in2 52.9 kips 50.2 kips
7/8” 0.361 in2 71.6 kips 68.0 kips
1” 0.471 in2 93.0 kips 88.3 kips
13/8” 0.906 in2 173.0 kips 164.0 kips

The area values above are based on ASTM A 603. The minimum breaking strength above is based on
ASTM A 1023. The design load above is based on 0.95 x the minimum breaking strength. For sizes other
than 7/8” diameter, ASTM A 1023 is likely to be used. For 7/8” A 603, the current ODOT stockpile of 7/8”
diameter wire rope (purchased in September 2000) has been certified to 80,000 pounds. Therefore, the A
1023 loads can be used for all seismic retrofit applications. If a newer stockpile of A 603 wire rope is
procured by ODOT, the actual breaking strength will need to be verified and the design load may require
minor adjustment.

E for wire rope = 10,000 ksi
f, for wire rope = 176.1 ksi

ASTM A 603 lists the E for structural wire rope as 20,000 ksi for "prestretched" wire rope. Wire rope used
for seismic applications will not be prestretched, however, so an E of 10,000 ksi should be used.

(6) Resin Bonded Anchors:

See Section 1.1.23, "Drilled Concrete Anchors."

(7) Concrete Inserts:

Use hot-dip galvanized expanded coil concrete inserts with closed-back ferrule threaded to receive UNC
threaded bolts.

Inserts are readily available in 72 “ sizes. Other sizes are only available in very large quantities. Therefore,
only the standard sizes listed below are recommended.

Diameter Tension ( Kips ) Shear ( kips )

(in) A307 or A325 A307 A325
0.75 12.6 74 12.6
1.0 19.3 13.4 19.3
1.25 34.4 214 34.4
1.5 54.3 31.0 54.3

Tension and shear capacity for concrete failure is based on equation 6.5.2 from the PCI Design Handbook
(3rd Edition) with ® = 1.0 and with a factor of safety of 1.5. Equation 6.5.2 controls both shear and tension
for shallow embedment depths. See the PCI Design Handbook for group effects, edge distance effects and
combined tension and shear.

1-151



1.1.11.2

Bridge Design and Drafting Manual 2004
Oregon Department of Transportation

Information for Restrainer Design - (continued)

Tension capacity of the insert cannot exceed the tension capacity of the bolt. Shear capacity of the insert
cannot exceed the shear capacity of the bolt or the insert tension capacity.

Tension capacity of the bolt = 0.76A.f,,, where A, = bolt stress area (LRFD eq. 6.13.2.10.2-1).
Shear capacity of the bolt = 0.38A.f,, (LRFD eq. 6.13.2.7-2).

11.113

Longitudinal Restrainer Design

(1) In-span hinges: Use the following general procedure (a modified CALTRANS method):

Estimate restrainers to use (with elongation) and gapping desired/allowed.

Determine joint openings (including approximate temperature movement (fall) and creep and
shrinkage if appropriate).

Determine frame stiffness and capacity.
Determine adjacent frame stiffness and capacity.

Plot force/deflection relationship considering component stiffnesses, joint openings (including
temperature, creep, and shrinkage openings), and restrainer gapping.

Assume a final force and deflection under single-mode response to get equivalent stiffness.
Calculate period and resulting response coefficient.
Calculate dynamic force and locate on the force/deflection curve.

Review that the force capacity of the system is not exceeded, the assumed/acceptable
deflection is not exceeded, and the equivalent stiffness and period are approximately as before.

If checks are not okay modify system and recycle through as needed.

(2) Bents with superstructure continuous over the bent:

Connect superstructure to substructure with capacity to form plastic hinging in the column(s).

(3) Bents with only the deck continuous over the bent:

Connect each span to substructure to form plastic hinging in the column(s).

(4) Bents with no superstructure continuity over the bent:

With frames each side of bent:

Connect each span to substructure to form plastic hinging in the column(s). Also connect
adjacent superstructure portions by the same techniques as “in-span hinges.” The adjacent
super-structure portions may be connected by span to substructure connections of adequate
capacity to function for both portions.

With simple spans each side of bent:

Connect each span to the substructure to form plastic hinging in the column(s).
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1.1.11.3 Longitudinal Restrainer Design — (continued)

NOTE: The plastic hinging capacity should be determined from column interaction curves with axial and
moment ® values of 1.0. Enter the curve with the unfactored dead load axial force (plus any redundancy
induced axial force due to lateral seismic loading), determine the accompanying moment capacity and
multiply this value by 1.3. This is the plastic moment capacity.

11114 Transverse Restrainer Design

(1) In-span hinges:
e Design for force transfer of (2.5) (A) (supported dead load).

(2) Bents with superstructure continuous over the bent:
e Connect supported spans with force to form a failure mechanism (plastic hinging at the top of frame
(column or crossbeam) and plastic hinging at bottom of column.

(3) Bents with only the deck continuous over the bent:
e Connect supported spans with force to form a failure mechanism (plastic hinging at the top of frame
(column or crossbeam) and plastic hinging at bottom of column.

e Prorate design force to ahead and back side of bent by dead load ratio.

(4) Bents with no superstructure continuity over the bent:
e Connect supported spans with a force equal to 2.5(A)(supported dead load).

NOTE: The plastic hinging capacity should be determined from column interaction curves with axial and
moment ® values of 1.0. Enter the curve with the unfactored dead load axial force (plus any redundancy
induced axial force due to lateral seismic loading), determine the accompanying moment capacity and
multiply this value by 1.3. This is the plastic moment capacity.

1.1.115 Hold-downs

Hold-downs or bearing replacement may be needed at vulnerable bearings such as fixed or rocker type
steel bearings.

1.1.11.6 Use of State Stockpile Wire Rope (Cable) for Seismic Retrofit

To achieve economy and supply stability, Bridge Section has purchased a quantity of structural wire rope
(cable) to be used on future seismic retrofit projects. The wire rope is stockpiled in Portland. Before using
stockpile wire rope, contact the Concrete Bridge Standards Engineer, Bridge Engineering Headquarters to

verify availability. See 1.2.5 for general notes and special provisions to be used with the stockpile wire rope.

For projects requiring quantities beyond the available stockpile, contact the Concrete Bridge Standards
Engineer to discuss whether an additional quantity of wire rope can be purchased.
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1.1.12 Concrete
1.1.12.1 Concrete General

Designate the concrete class by the minimum compressive strength at 28 days followed by the maximum
aggregate size (e.g., Class 4000 — 3/4). Unless otherwise specified, Class 3300 — 1-1/2, 1 or 3/4 is called
for by the Standard Specifications. The ultimate strength on which allowable stresses are based should not
exceed 5000 psi, except for prestressed concrete. Use High Performance Concrete (HPC) in all cast-in-
place concrete decks and end panels.

Classes of Concrete
(For design and to be shown on plans)

HPC4000 —1 %, 1, or % All poured decks [except Box Girder decks that require greater strength]

HPC4000 -1-1/2. 1, or % End Panels

4000 — 3/8 Drilled Shafts

XXXX - %4 Prestressed members [Does not include poured deck on prestressed members,
see above]

XXXX —1/2 or 3/8 Post-tensioned box girder bottom slab and stem walls

XXXX — 3/4 Compression Members

3300-17%,1,0r3/4 All other concrete
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Concrete General — (continued)

Modulus of Elasticity

The modulus of elasticity of concrete may be taken as Ec = 33,000 W, °\fc , for we-0.145 kcf

Concrete Strength f'c (ksi) E._(ksi) n=E/E, =29,000/E,
3.300 3300 9
4.000 3650 8
5.000 4050 7
5.500 4250 7
6.000 4450 6
6.500 4650 6
7.000 4800 6
7.500 5000 6
8.000 5150 6
8.500 5300 5
9.000 5450 5

In the chart above, the modulus of elasticity (E.) is rounded to the nearest 50 ksi and the modular ratio (n) is
rounded to the nearest integer. The designer may choose to calculate these values using standard formulas
rather than using the rounded values above.

1.1.12.2

Concrete Finish

Concrete finishes are defined in Section 00540.52 of the Oregon Standard Specifications for Construction.
The usual finishes are General Surface Finish and Class 1 Surface Finish. Occasionally, Class 2 Surface
Finish is used as mentioned in the following paragraph.

Generally, concrete finishes are selected as follows:

For bridges whose superstructure and substructure can be viewed by the public, such as
grade separations and river crossings in or near populated areas, exposed surfaces receive
a Class 1 Surface Finish. In special situations of high visibility to traffic or people, use of a
Class 2 Surface Finish may be considered. Normally, it is limited to the concrete rail sides
facing the roadway/bikeway and the tops.

For bridges not viewed by large segments of the public, such as stream crossings in sparsely
populated areas, exposed surfaces, except portions of the concrete bridge rail, receive a
General Surface Finish. The concrete rail sides facing the roadway/bikeway and tops
receive a Class 1 Surface Finish.

Review your selected surface finish with your Design Team.

Do not use color additives in concrete mixes. Provide color to conccrete only by coating with either concrete
stain or concrete paint products from the QPL.
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1.1.12.2 Concrete Finish — (continued)

Include details similar to the following for all contract plans:

Class 1 Surface
Finish

Class 1 or General NOTE:

Surface Finish iy Finish all other surfaces as
1 indicated in the Standard
S Specifications.
|

Finish Ground//ne\

Low Water L/ne/ * v
CONCRETE FINISH DETAIL

Figure 1.1.12.2A
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1.1.12.2 Concrete Finish -- (continued)

Class 1 Surface
Finish

Class 1 or General
Surface Finish

Class 1 or General
Surface Finish—————% NOTE:

Finish all other surfaces as
indicated in the Standard
Specifications.

]/_O//

Finish Groundline
N

Low Water LineJ * v
CONCRETE FINISH DETAIL

s

Figure 1.1.12.2B

Class 1 Surface
Finish

Class 1 or General

’L_ Surface Finish
-

A

+—Class 1 or General NOTE:

Surface Finish Finish all other surfaces as
indicated in the Standard
Specifications.

Class 1 or General

Surface Finish n Jf

4

]/_O//

Finish
Groundliné

ST WSS ‘

Low Water L/’neJ *
CONCRETE FINISH DETAIL

Figure 1.1.12.2C
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1.1.12.3 Concrete Repair (Bonding Agents)

Bonding agents are used to help new concrete adhere to existing concrete. To obtain better bond with
agents the existing surface must be clean, dry and at proper temperature. The surfaces must also be well
exposed to facilitate brush application of the bonding agent. Two principal bonding agents are in use today:

o Epoxy - These agents provide the best bond when properly applied. However, they are
highly volatile and if the agent is allowed to dry before placement of the new concrete, a bond
breaker may be formed. For this reason restrict the use of epoxy agents to critical situations
where control can be guaranteed.

e Concrete - These agents have longer pot life and improved bond. They may be applied with
greater lead time, but have the same application requirements as epoxy agents.

At normal construction joints, a bonding agent is not generally needed. Mating surfaces prepared to the
specifications should provide acceptable bond and shear transfer through the roughened surface and rebar
holding a tight joint.

11124 Curing Concrete

00540.51 in the standard specifications require cast-in-place concrete to be cured with water. Design all
structures assuming concrete is cured using the ODOT standard. Acting as EOR, assure that alternate
curing methods are not allowed without prior approval of the ODOT Structure Materials Engineer.

Bridge Decks must also be cured with water. Although ODOT does use curing compounds for some
pavement and sidewalk applications, curing compounds are not be allowed on bridge decks. ODOT has
done experimentation with curing compounds in the early 90’s. The results were not consistent from batch
to batch. Also, more recent experiments with curing compounds revealed that cylinders cured with a curing
compound achieved only 80% compressive strength compared to water cured cylinders.

The ODOT water cure requirement also applies to bridge columns, abutments and retaining walls. Since it
is difficult to keep vertical surfaces saturated during the cure period, vertical forms must often be left in place
for the entire cure period. Contractors will often request to use a curing compound so that forms can be
stripped sooner and production increased. However, due to the negative impacts of curing compounds,
their use is rarely permitted.

For applications that receive a coating, use of curing compounds can inhibit adherence of the coating.
Generally, curing compounds must be removed by sandblasting before subsequent coatings can be applied.
Removal of a curing compound would be even more problematic on textured surfaces.

In summary, curing compounds should not be used. Exceptions require approval from the ODOT
Structure Materials Engineer, but do not require a design deviation from Bridge Section.
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1.1.125 Permanent Strengthening of Reinforced Concrete Bridges

Design strengthening for reinforced concrete bridges for the live load provided in 1.1.7.2(4).

1)

()

Flexure - The following methods can be considered for strengthening girders in flexure:

Deepening or widening existing concrete girders.

Longitudinal post-tensioning.

FRP laminate strips along bottom of girders.

FRP near surface mount (NSM) strips along bottom of girders.

When longitudinal post-tensioning is used as part of a flexural strengthening design concept,
understand that long-term relaxation of the post-tensioning system may reduce the effectiveness of
the strengthening. Any long-term relaxation should be accounted for unless provision for future
tightening is included.

Design FRP strengthening according to ACI 440.2R-08. Do not use FRP unless the critical flexural
rating factor is 2 0.80. Strengthening with FRP laminate strips or NSM strips can be considered a
long-term (more than 20 years) strengthening solution. Provide positive anchorage at the ends of
FRP laminate strips. Anchorage using FRP laminate strips transverse to the loaded direction is not
acceptable. Proper surface preparation is critical to ensure a successful FRP application.

Shear — The following methods can be considered for strengthening girders in shear:

Widening existing concrete girders.

Longitudinal post-tensioning.

Internal shear anchors.

FRP laminate strips along web.

FRP near surface mount (NSM) strips along web (vertical orientation only).

When longitudinal post-tensioning is used as part of a shear strengthening design concept,
understand that long-term relaxation of the post-tensioning system may reduce the effectiveness of
the strengthening. Any long-term relaxation should be accounted for unless provision for future
tightening is included.

Internal shear anchors can be installed either from above or below the girder. Installation from
above may be easier and should therefore be considered where practical. Specialty contractors are
generally available for drilling 1” diameter holes up to 48” in depth. For this reason, internal shear
anchor size should be limited to %”. Do not use larger sizes or depths unless the availability of
multiple contractors has been verified.

For shear applications, internal anchors should normally be placed at an angle 30 degrees from
vertical. This angle provides 96% of the capacity compared to 45 degree anchors and is much
easier to install.

Evaluate the size, spacing and density of positive and negative moment reinforcement in the girder
and deck when considering internal shear anchors as a strengthening solution. It is often difficult to
avoid existing deck steel or existing flexural steel when installing internal anchors. The designer
needs to give clear instructions to the contractor concerning how potential conflicts should be either
avoided or resolved. Possible solutions are:

e Locate existing bars using Ground Penetrating Radar (GPR) before drilling holes.

e Expose the top mat of reinforcement before drilling.
e Stop drilling and move hole location when a conflict is discovered.
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1.1.125 Permanent Strengthening of Reinforced Concrete Bridges — (continued)

Internal anchors require development length at each end of the rod. Calculate the required
development length according to the General Equation for Resin Tension Capacity in 1.1.23.2.
Provide adequate development length for a load equal to the ultimate bar tensile strength. The
effective length of an internal anchor is the length remaining after subtracting the development length
at each end of the bar.

Design FRP strengthening according to ACI 440.2R-08. Use intermittent strips with 4” minimum gap
to allow for inspection of the bare concrete between the strips. Do not use FRP unless the critical
shear rating factor is = 0.80. Strengthening with FRP laminate strips or NSM strips can be
considered a long-term (more than 20 years) strengthening solution. Provide positive anchorage at
the ends of FRP laminate strips. Anchorage using FRP laminate strips transverse to the loaded
direction is not acceptable. Proper surface preparation is critical to ensure a successful FRP
application.

External stirrups (vertical rods) have been used for temporary shear strengthening of concrete
girders, but they are not considered adequate for permanent strengthening.

Do not use bonded and/or bolted steel plates attached to the sides of concrete girders for shear
strengthening without prior approval from Bridge Section.

(3) Epoxy Injection — Epoxy inject shear and/or shrinkage cracks where the width exceeds 0.015
inches. Epoxy injection is not considered an effective strengthening method for either flexure or shear.
However, injection of larger cracks is necessary to ensure adequate corrosion protection. Injection of
cracks < 0.015 inches is difficult and is only marginally effective for corrosion protection.
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1.1.13 Reinforcement
1.1.13.1 Reinforcement, General

Make sure there is enough room for bars to fit and to place concrete. Be sure steel can be placed and
supported. Show bolster bars on reinforcement details when needed.

(1) Standard Bar Chart

' Area '
o et | (| oty
#3 0.375 0.11 0.376
#4 0.500 0.20 0.668
#5 0.625 0.31 1.043
#6 0.750 0.44 1.502
#7 0.875 0.60 2.044
#8 1.000 0.79 2.670
#9 1.128 1.00 3.400
#10 1.270 1.27 4.303
#11 1.410 1.56 5.313
#14 1.693 2.25 7.650
#18 2.257 4.00 13.60

Figure 1.1.13.1A
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11.13.1 Reinforcement, General - (continued)

(2) Minimum Bar Covering

The minimum covering measured from the surface of the concrete to the face of any uncoated or
coated reinforcing bar should be not less than 2” except as follows.

Top of deck slab (main reinforcing)* 2.5
Bottom of deck slab* 1.5”
Stirrups and ties in T-beams, bottom rebar of slab spans, and curbs and rails* 1.5”
Stirrups in box girder stems with non-bundled ducts ** 2.5”
Stiruup ties in box girder stems with non-bundled ducts ** 2’
Bottom slab steel in box girders 17
All faces in precast members (slabs, box beams and girders) 1”
Pier and column spirals, hoops or tie bars+ (increase to 4” if exposed to marine environment or 2.5
concrete is deposited in water)

Footing mats for dry land foundations (use 6” if ground water may be a construction problem) 3”
Footing mats for stream crossing foundations 6”

*Use 2” minimum cover for all surfaces exposed to the effects of a marine environment, Section 1.1.25.1.
**For box girder stems with bundled ducts, provide 3” clearance to ducts and place stirrups directly against
ducts.

+Cover over supplementary crossties may be reduced by the diameter of the tie.

Figure 1.1.13.1B
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11.13.1 Reinforcement, General - (continued)

(3) Reinforcement for Shrinkage and Temperature

Provide reinforcement for shrinkage and temperature stresses near exposed surfaces and in structural mass
concrete according to LRFD 5.10.8. The area of reinforcement per surface should be at least 0.0008 times
the gross concrete area with a minimum of #4 at 18” centers. Space the reinforcement no farther apart than
three times the concrete thickness or a maximum of 18” centers.

Thickness A MAXIMUM BAR SIZE AND SPACING FOR ONE SURFACE
(in) (in*/ft) (inches )
6 062 #4 @ 18
9 .091 #4 @ 18
12 118 #4 @ 18
15 144 # @ 15
18 170 # @ 12
21 194 #4 @ 12 #5@ 18
24 217 #4 @ 10 #5@ 15
27 239 # @ 10 #5@ 15
30 260 #5 @ 12 #6 @ 18
36 300 #5 @ 12 #6 @ 15
48 371 #5 @ 10 #6 @ 12 #7 @ 18
60 433 #6 @ 12 #7 @ 15

Figure 1.1.13.1C
Since the amount of reinforcement is somewhat empirical, convenient spacing can be assumed as shown in

the above table. The table is intended for preliminary purposes only. It is based on a least width dimension
of 10 ft.

(4) Spacing of Shear Reinforcement

Where shear reinforcement is required and placed perpendicular to the axis of the member, spacing is not to
exceed 18”.

(5 Negative Moment Reinforcement

For cantilever cross beams with wide bents, extend at least one-half of the negative reinforcement the full
length of the cross beam.
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Reinforcement, General - (continued)

(6) Minimum Bar Spacing

Bar Nominal Dia.(d) 25xd or (1.5x1.5) +d (1.5x0.75)+ d
(in) 1.5"+d for 1.5” agg. for 0.75” agg.

(in) (in) (in)
#3 0.375 A 2°/g 1%
#4 0.500 2 2%, 1°/g
#5 0.625 2 21g 1%
#6 0.750 2V 3 1/

#7 0.875 2% 37 2
#8 1.000 2% 3% 2'/g
#9 1.128 27 3% 24
#10 1.270 3% 3% 2°/g
#11 1.410 3% 3% 2%
#14 1.696 4, 4 2
#18 2.257 5°/g 4%, 3%

Figure 1.1.13.1D
(7) *Tension Development Length - GRADE 60 — Uncoated Bars

fic 3.3 ksi 4.0 ksi 5.0 ksi

#3 1-0” 1-0” 1-0”

#4 1 1_0" 1 1_0" 1 !_OH

#5 1 !_3!! 1 !_3!! 1 1-3!!

#6 1 !_7” 1 !_6” 1 1_6”

#7 2-1" 1-11” 1-9”

#8 21_9" 21_6" 2!_3”

#9 3!_6!! 3!_2!! 2Y-1 0"

#1 0 4!_5” 4!_0” 31_7”

#11 5'-5" 4-11” 4-5

#14 71_6" 61_9" 6!_1 ”

#18 9-8” 8-9" 7-10”

* Note: Increase lengths for epoxy coated bars per LRFD 5.11.2.1.2.

Figure 1.1.13.1E

1-164




Bridge Design and Drafting Manual 2004

Oregon Department of Transportation

11.13.1 Reinforcement, General -- (continued)

(8) *Compression Development Length - GRADE 60 — Uncoated Bars

fc 3.3ksi 4.0 ksi 5.0 ksi
#3 8" 8" 8"
#4 117 10" 9"
#5 171" 1-0" 1-0"
#6 14" 1-3" 12"
#7 -7 1-5" 14"
#8 1-9" 17 1-6"
#9 20" 110" 1-9"
#10 2-3" 20" 711"
#11 26" 2-3" 2-2’
#14 30" 2-8’ 2-7"
#18 311" 3-7" 35"

(9) *Tension Development Length of Hooks - GRADE 60 — Uncoated Bars

Note: Increase lengths for bundled bars per LRFD 5.11.2.2.3.

Figure 1.1.13.1F

fc 3.3ksi 4.0 ksi 5.0 ksi
#3 8" 8’ 7’
#4 117 10" 9"
#5 171" 1-0" 11"
#6 14" 1-3" -1
#7 -7 1-5" -3
#8 1-9" 17 1-5"
#9 20" 110" 1-8"
#10 2-3" 2-1" 110"
#11 26" 2-3" 20"
#14 30" 2-9" 2-5"
#18 4-0" 37" 3-3"

* Note: Increase lengths 20% for epoxy coated bars per LRFD 5.11.2.4.2.

Figure 1.1.13.1G
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(10) Minimum Column Bar Lengths in Footings

(compression)

Note:
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Increase Lt or Lc 20 percent or epoxy coated bars
“A” and r + db are standard 90° hook dimensions
Lc is the compression development length

Lt is the tension development length for standard hooks

COMPRESSION DEVELOPMENT LENGTH - HOOKED BARS
BASIC
COMPRESSION
DEVELOPMENT ZAZRE |+ db COM/ifgsf Ton COM/,D,T%S*S[ON COW,D,LR'ESE Ton
(length for (single bar) | (two bar bundle) |(three bar bundle)
hooked bars
2 dh
= 6 | 10" | 3 7-2" -7 -5
=7 7| =27 | 3% I 1-6" 1-8"
-9 8 | -4 | 4 167 7-97 7-10"
2-0" 9 |17 | & 1-10” -1 =37
2-3" 10 |1-10"| 7~ 2-3" 27" 2-9”
2-6" 11 | 2-0" | 7% 2-g" 31" 34"
30" 4 | 2-77 | 117 3-107 -5 -10"
311" 18 | 3-5" | 13" 6-3" 76" g—-2"

*Note:
Lc + (r + db)and including 0.75
per LRFD 5.11.2.2.2

modification factor for reinforcement enclosed within a spiral

TENSION DEVELOPMENT LENGTH
HOOKED BARS
BASIC
TENSION MODIFIED
BAR “p”  |DEVELOPMENT| TENSION
SIZE ength for | “L” %*
hooked bars 0.7 § dh
Ldn
6 | 10" 107 =
7 17=-2" 1-1” 97
8 17-4" 1'-5" 1-0"
9 1=7" 1-9” 1/-37
10 [1-107] 2-3" 77"
11 2'-0" 2'-9” 1-11"
14 2'=7" 3-11" 2'-9”
18 3-5" 7-0" 4'-11"
**Note:

#]11 bars and smaller, adequate side and hook
extension cover per LRFD 5.11.2.4.2

Figu

re1.1.13.1H
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11.13.1 Reinforcement, General - (continued)

(11) Welded Splices and Mechanical Connections

When field welding of reinforcing steel is anticipated, use ASTM A 706 reinforcing steel. Welding of ASTM
A615, Grade 60 reinforcing steel is not permitted without prior approval from the ODOT Welding Engineer.

Welding of ASTM A706 for splices for column spiral reinforcing is permitted. See Section 1.2.7.6 for
comments.

Use approved mechanical splices for #14 and #18 vertical column bars. Stagger splices as shown below, to
avoid adjacent bars being spliced in the same plane.

Approved
Mechanical
splices -]

N
3-0" 3’—0"J

MECHANICAL SPLICE STAGGERING

Figure 1.1.13.1I

Show lap splices on structure plans with the option of approved mechanical splices available to the
contractor.

Special cases such as steel in back walls of abutments of post-tensioned concrete bridges and splicing
reinforcement in existing structures may require the use of mechanical splices.
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(12) *Lap Splices — GRADE 60

Reinforcement, General - (continued)

Ratio of Percent of A Spliced with Required Lap Length
A, provided/ As required 50 75 100
22 A A B
<2 B C C
* Class A splices (1.0 14)
f'c 3.3 ksi 4.0 ksi 5.0 ksi
#3 1-0” 1-0” 1-0
#4 1°-0” 1-0” 1-0”
#5 1-3” 1-3” 1-3”
#6 1-7” 1'-6” 1-6”
#7 2-1” 1-11” 1-9”
#8 2-9” 2'-6" 2-3”
#9 3-6" 3-2" 2107
#10 4'-5 4-0 3-7
# 11 5-5" 411" 4-5
* Note: Increase lengths for epoxy coated bars per LRFD 5.11.2.1.2.
* Class B splices (1.3 14)
f'c 3.3 ksi 4.0 ksi 5.0 ksi
#3 1°-0” 1-0” 1-0”
#4 1-4” 1-4” 1-4”
#5 1'-8” 1'-8” 1-8”
#6 2-0" 2-0" 2-0
#7 2-9” 2'-6" 2-4”
#38 3-7 3-3” 2-11”
#9 4'-6" 4-1” 3-8
#10 5-9” 5-2" 4-8
# 11 7-0" 6'-4" 5-8"
* Note: Increase lengths for epoxy coated bars per LRFD 5.11.2.1.2.
* Class C splices (1.7 14)
f'c 3.3 ksi 4.0 ksi 5.0 ksi
#3 1-4” 1-4” 1-4”
#4 1-9” 1-9” 1-9”
#5 2-2" 2-2 2-2"
#6 2-7" 2-7" 2-7
#7 3-7 3-3” 3-0”
#8 4'-8” 4-3 3-9”
#9 5-11” 5-4” 4-9
#10 7'-6" 6'-9” 6-1”
# 11 9-2" 8-4” 7-5"

* Note: Increase lengths for epoxy coated bars per LRFD 5.11.2.1.2.

Figure 1.1.13.1J
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11.13.1 Reinforcement, General - (continued)

(13) Development of Flexural Reinforcement

The added length, "X", is to provide for unanticipated loading conditions or shifting of the moment diagram
due to shear cracking.

length of bars “b”

length of bars “c” \

Calculated moment SO

Design moment N

x = effective beam depth, 15 bar diameters or span/20.
Id = bar development length

Figure 1.1.13.1K

(14) Distribution of Flexural Reinforcement

For moderate exposure conditions, use y. = 1.0. For severe exposure conditions such as structures subject
to the effects of sea spray, deicing chemicals or other corrosive environments, use y, = 0.75. In decks, use
Ye = 1.0.

(15) Bundled Bars

Tie bundled bars with No. 9, or heavier, wire at 4’-0” maximum centers. Bundled #14 or #18 bars should
not be used without the approval of the Supervisor.

When bundled bars are used in columns, the minimum clear distance between bundles is 2.5 times the
diameter of the largest bar in a bundle.

Bundled bars preferably should not be used in bridge decks. If they are so used, increase the thickness of
the deck by the diameter of the bar throughout the length where bundling is used.

(16) Headed Reinforcement

Headed reinforcement can be used to reduce congestion or reduce development length over a standard
hook. Headed reinforcement will always require less development length compared to a standard hook.
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11.13.1 Reinforcement, General - (continued)

Headed rebar is only available for ASTM A 706 and ASTM A 615 applications. It is not available for
stainless steel applications. The cost of headed rebar will generally exceed that of a standard hook.
Therefore, they should only be used where the benefit of reduced congestion and/or shorter development
length is significant.

Do not use headed reinforcement where their use will reduce concrete cover below the minimum required.
For this reason, it may be necessary to use standard hooked bars in the corners of a rebar cage that
otherwise contains headed bars.

Bars which require headed reinforcement should be designated on the plans. The 00530 boiler plate
special provision requires headed reinforcement to meet ASTM A 970. It also requires headed
reinforcement products be selected from the ODOT Qualified Products List (QPL). Therefore, there is no
reason to say anything other than “headed bar” on the plans.

Heads may be square, rectangular, round or. Minimum head size for square and round heads are provided
below. Rectangular and oval head area must exceed 10 times the bar area.

Minimum Head Size for Headed Reinforcement
Bar Size Min. Width for Square Heads Min. Diameter for Round Heads
#4 11/2" 1.6”
#5 13/4” 2.0”
#6 21/8” 2.3"
#7 21/2” 2.7
#8 2 3/4” 3.1”
#9 31/8” 3.5”
#10 31/2” 4.0”
#11 4’ 4.4
#14 4 3/4” 5.3"

Figure 1.1.13.1L

Headed reinforcement will not require project testing. Testing is required as part the QPL approval process.
Q/C testing by the manufacturer is also required by ASTM A 970.

When proposed by a Contractor, headed reinforcement meeting the minimum head size requirement will

generally be acceptable as a direct replacement for standard hooks, except where the head will not allow
the required minimum concrete cover.
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1.1.13.1 Reinforcement, General - (continued)

Use the following minimum development lengths for headed reinforcement.

Development Length for Headed Reinforcement, Fy = 60 ksi

f'c 3.3 ksi 4.0 ksi 5.0 ksi
#4 6" 5" 5"
#5 7 6" 6"
#6 8" 8" 7
#7 10” 9’ 8"
#8 1’-0” 10” 9"
#9 1'-6” 1-2 10”
#10 1-10” 1'-6” 11"
#11 2-1 1-8” 1°-0”
#14 3-0" 2-4" 1’-3”

* Note: Increase lengths for epoxy coated bars per LRFD 5.11.2.1.2.

The modification factors and tie requirements in LRFD 5.11.2.4.2 and 5.11.2.4.3 should also be applied to

Figure 1.1.13.1M

headed reinforcement.

Place adjacent headed bars at a minimum spacing of 6*d,. Spacing less than 6*d, can be used if heads
from adjacent bars are spaced longitudinally (along the length of the bar) a minimum of 8*d, as shown in
Figure 1.1.13.1M.

When bundled bars are used, one bar in the bundle may be terminated using headed rebar. Terminate

other bars in the bundle using standard hooks as shown in Figure 1.1.13.1M.

th = development _|

length for headed
reinforcement

[j

=6 * g,

Eg*db‘

when bar |
spc’g<L 6 * gy

Figure 1.1.13.1N
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11.13.1 Reinforcement, General - (continued)

Use of headed reinforcement can result in high concrete compressive stresses under the bar head.
Consider the load path for head compression loads and provide distribution steel perpendicular to a
headed bar to ensure satisfactory distribution of compressive stresses. The following articles may be
useful to understand the load distribution of headed bars:

e Strut-and-Tie Models for Headed Bar Development in C-C-T Nodes, Chun and Hong, ACI
Structural Journal, Vol. 106, No. 2, March-April 2009, pg. 123-130.

e Investigation of Dispersion of Compression in Bottle-Shaped Struts, Sahoo, Singh and Bhargava,
ACI Structural Journal, Vol. 106, No. 2, March-April 2009, pg. 178-186.

AASHTO LRFD 5.11.3 allows for mechanical devices as anchorage. Headed rebar meeting or exceeding
the size required by ASTM A 970 has been extensively tested. A summary of such testing can be found in
Texas Research Report 1855-1, “Anchorage Behavior of Headed Reinforcement Literature Review”, May
2002. This document is available for download on the web at:

http://www.utexas.edu/research/ctr/pdf reports/1855 1.pdf

The minimum development lengths for headed reinforcement are based on the greater of:

o 50% of the equivalent hooked bar development length
e Calculations using a combination of head bearing capacity and bar development

Development length calculations were based on concrete bearing capacity under the head plus additional
straight bar development length as required to fully develop the yield strength of the bar. The concrete
bearing capacity was taken from LRFD equation 5.5.7-2 and was adjusted using a resistance factor of 0.7
for bearing on concrete per LRFD 5.5.4.2.1. Some of the proposed development lengths were increased
to provide reasonable transitions between different bar sizes.

ACI 318 allows headed reinforcement, but requires a development length equal to 75% of the equivalent
hooked bar development length. We believe this is overly conservative for bridge applications.

1-172


http://www.utexas.edu/research/ctr/pdf_reports/1855_1.pdf

11.13.1

The following chart illustrates the difference between ODOT and ACI development length requirements.

Development Length for Headed Reinforcement, Fy = 60 ksi
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Reinforcement, General - (continued)

f'c 3.3 ksi 4.0 ksi 5.0 ksi

Calc ODOT ACI Calc ODOT ACI Calc ODOT ACI
#4 6" 7.8" 5" 71" 5" 6.4"
#5 4" 7" 9.8" 2" 6" 8.9" 0" 6" 8.0"
#6 8" 8" 11.8" 6" 8" 10.7" 3" 7" 9.6"
#7 10" 10" 13.7" 8" 9" 12.5" 4" 8" 11.2"
#8 12" 12" 15.7" 9" 10" 14.3" 3" 9" 12.7"
#9 18" 18" 17.7" 14" 14" 16.1" 7" 10" 14.4"
#10 22" 22" 19.9" 18" 18" 18.1" 9" 11" 16.2"
#11 25" 25" 22.1" 19" 20" 20.1" 7" 12" 18.0"
#14 36" 36" 26.6" 28" 28" 24 1" 12" 15" 21.6"

oL

Development length controlled by 50% of equivalent hooked bar development length

Development length based on ODOT calculations, but less than ACI development length
Development length based on ODOT calculations and exceeds ACI development length

ACI development length = 75% equivalent hooked bar development length

Calc = Calculated development length from combination of head capacity and bar development

Figure 1.1.13.10

For concrete strengths above 5.0 ksi, the required minimum development length for headed
reinforcement can be calculated using 50% of the equivalent hooked bar development length.

1-173




Bridge Design and Drafting Manual 2004
Oregon Department of Transportation
1.1.13.2 Bar Lengths

Use stock bar lengths whenever possible without sacrificing economy. Unless absolutely necessary, don't
call for bars longer than 60 feet because they are difficult to handle and transport.

Bar Size Stock Length *
#3 20’ &40’
#4 and #5 20’, 30’ & 40’
#6 thru #18 60’

* Only small quantities of #14 and #18 bars are stockpiled by the supplier because of size and weight and
may require special mill orders.

Bar lengths specified include hook lengths unless detailed otherwise.

| 3/_0//
#4 x 3'-6” with std. 180° hook J )

Figure 1.1.13.2A
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1.1.13.3 Interim Reinforcement for T-Beams and Box Girders

When the deck slab of a continuous T-beam or box girder is placed after the concrete in the stem has taken
its set, place at least 10 percent of the negative moment reinforcing steel full length of the longitudinal beam
to prevent cracks from falsework settlement or deflection. In lieu of the above requirement, 2 - #8 bars full
length of longitudinal girders may be used.

In concrete cross beams whose principal negative reinforcement lies in the deck slab, locate a portion of the
negative reinforcement in the stem of the cross beam below the level of the deck slab construction joint.
Provide sufficient ultimate reinforcement capacity to support 150 percent of the dead load of the crossbeam
and superstructure 5 feet along the centerline of the structure either side of the center of bent. Use no less
than 10 percent of the total negative reinforcement.

In cases where the bent cross beams are skewed to the deck steel, place the top cross beam steel in the
top of the stem below the deck (dropped panel). See the following page for typical details.

INTERIM REINFORCING STEEL

g
g9
g0 g
f J N 8»\
= ™M)
ﬁ\/T’?\% % }g SIS
7 I
— "
| \[nren'm reinforcement, /'./’.
o minimum 2-#8 full length
® | ® L
P
@ ®
(] o
'Y 1
T - BEAM
I
BOX GIRDER BEAM
Bundled bars shall be tied
with #14 or heavier wire
Tension reinforcement @ 5'-0" mox.
v _ 7 4
&8 ¢ 38 ¢ [ULE R EERILURE LN
pAal ) pAal ) ya
P o o © 0 o p o o
7 % | \ Interim reinforcement
I Sl . (10% of total required)
L. o (place below post-tensioning ducts)
Sﬁ/’/’ups/ i .
. || —————Temperature reinforcement
“x A . as required.
Ld ’ - . L
%4 o 7
e [} - 'y

Column width £ “x”

CROSSBEAMS

Figure 1.1.13.3A
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1.1.134 Additional Shear Reinforcement

As shown below, provide additional reinforcement to the calculated shear reinforcement in cantilevered
portions of cross beams. Pay careful attention to clearances and possible conflicts with post-tensioning
ducts and other reinforcement. Detail the size and number of bars to provide at least 20% of the factored
Strength | Limit State shear demand at the face of the column. Apply this provision to cantilevered sections
of cross beams when the cross beam cantilever from the face of the column exceeds the cross beam depth
at the face of the column. This additional reinforcement may be omitted if the shear reinforcement provided
from the critical shear section to the face of column provides 20% additional capacity above the controlling
strength limit state.

__ - #7 _/ bars with __ bars in
each row. (12" legs each end)
<
3
% T A Jl /% &\
|

i
N i

Provide additional rows of _/"bars
when double stirrups are used

SECTION A - A

(N

Figure 1.1.13.4A

1.1.135 Diaphragm Beam Steel

The detail below assumes the deck reinforcement is stopped 6 in. clear of the transverse beams. The added
bars provide reinforcement for Beam-D and the deck overhang. If straight bars are used, the spacing of the
deck steel will be continuous over the transverse beams and no additional bars will be required.

Add 4 - #5 fransv. x cont. over
Beam “D”. Place 2 above top longit.
bars and 2 below btm. longit. bars
as shown. Epoxy coat top bars.

6 19 6" (when deck reinforcement is skewed
fo Beam - D Iocafef these bars btwn.
2 top and bim. mats of deck steel).
27l 67| 2"l d
Transv. deck (straight & truss) bars ‘ 3
(Stop 6” clear of Beam - D) \ DY l
! — ; ) —.
.‘»- o . L - h . - - i -
2-#5 ptwn. beams > 9
! O
. 4-#5 btwn,
P9 | beams each Sy s
4-#7 x 5'-0" | face <8
~|3 ¥
P @ J ‘t J
1] M
-
[ ] L *
e ‘ N\
@/.|.
o_o° L
3
N
-~

SECTION AT BEAM-D

Figure 1.1.13.5A
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1.1.14 Precast Prestressed Concrete Elements

11.14.1 Design of Precast Prestressed Elements

The nature of precast prestressed elements requires special handling in several areas.
¢ Design — General
e Each precast prestressed element is to be designed job specific.

e Deck requirements — National Highway System routes and routes with 20-year
projected ADTT > 1000.

Side-by-side slabs and box beams — 5" minimum HPC thickness with a single

mat of reinforcement (8" maximum centers each way). 7” minimum thickness for

any portions overhanging the exterior slab or box beam.

Side-by-side Bulb-T and deck Bulb-T girders — 7%” minimum HPC thickness

with two mats of reinforcement (8" maximum centers in each mat and each

direction). Because of this requirement, deck Bulb-T girders will generally be used

only on low-volume routes.

Spread slabs and box beams — 72" minimum HPC thickness with two mats of

reinforcement (8” maximum centers in each mat and each direction).

Bulb-T (not side-by-side) and Bulb-I girders — 8" minimum HPC thickness (see
1.1.20.1).

o Deck requirements for non- National Highway System routes and routes with 20-year
projected ADTT < 1000.

Side-by-side slabs and box beams — 2” minimum asphalt concrete wearing
surface with membrane waterproofing or 5" minimum HPC thickness as specified
above.

Side-by-side Bulb-T and deck Bulb-T girders — 2" minimum asphalt concrete
wearing surface with membrane waterproofing or 7%4“ minimum HPC thickness as
specified above.

Spread slabs and box beams — 774" minimum HPC thickness with two mats of
reinforcement (8" maximum centers each way).

Bulb-T (not side-by-side) and Bulb-I girders — 8" minimum HPC thickness (see
1.1.20.1).

e HPC decks must be cast-in-place.

Note: ADTT = ADT x %trucks. The 20-year ADT volume should be in the project prospectus. The
Y%trucks can be determined by locating the nearest Permanent Automatic Traffic Recorder (ATR) station.
This information is kept by the Transportation Data Section under the Transportation Development
Division and can be found at the following website:

http://egov.oregon.qov/ODOT/TD/TDATA/tsm/tvt.shtml

From this website, go to “Permanent Automatic Traffic Recorder Stations (ATR’s) Trend Summaries” and

select the latest year.

If a prospectus is not available, if the 20-year ADT is not shown and/or if an appropriate ATR cannot be
found, contact the Project Leader or Contract Administrator.
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Design of Precast Prestressed Elements - (continued)

Concrete Strength — Concrete design compressive strengths should not be higher than
actual design requirements. List the required concrete strengths in the General Notes.

The allowable range of design comprehensive strengths of concrete at 28 days (f';) to
be used are:

Minimum Maximum
for precast, prestressed slabs and box beams 4000 psi 7000 psi

for precast, prestressed girders, and
integral deck girders 5000 psi 9000 psi

When precast, prestressed members are used without a cast-in-place deck, the
28-day compressive strength is limited to 6000 psi. This limitation is required to
ensure adequate air entrainment and to ensure adequate workability. Higher
strength concretes generally are less workable and therefore are more difficult
to achieve an acceptable finish suitable for a riding surface. If a separate
concrete mix (6000 psi or less) is used for the top flange, then higher strengths
(up to 9000 psi) may be used for the remainder of the member.

The allowable range of design compressive strengths of concrete at release of
prestress (f.) to be used are:
Minimum Maximum
all precast, prestressed members 4000 psi 7000 psi

Do not exceed the compressive strengths listed above without an approved
exception from the State Bridge Engineer.

Concrete Tensile Stress Limits:
e 3 *sqrt(fc), where fcis in psi.

o Modify AASHTO LRFD Table 5.9.4.1.2-1 as follows:
¢ Modify the 9" bullet to 0.0948 * sqrt(f'c), where fcis in ksi.
«“No Tension” criteria in 6™ and 8" bullets still apply.

¢ Modify AASHTO LRFD Table 5.9.4.2.2-1 as follows:
« Modify the 1% and 8" bullets to 0.0948 * sqrt(f'c), where fc is in ksi.
«“No tension” criteria in 3™, 5™ and 7" bullets still apply.

e Simple-Span Girders Made Continuous for Live Load — When precast girders
are made continuous for live load, design the positive moment area as if the
girder was simply-supported. A maximum concrete tensile stress up to
6*sqgrt(fc) in the positive moment area will be allowed for this condition. Also
ensure that the maximum concrete tensile stress in the positive moment area

does not exceed 3*sqrt(fc) when the girder is considered continuous for live
load.

Prestress Losses — Calculate prestress losses in precast members using either the

“Detailed” or “Approximate” method per NCHRP Project No. 18-07 or the methods
given in the LRFD Specifications. Obtain a copy of the report from the
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Design of Precast Prestressed Elements - (continued)

Transportation Research Board before attempting to use the NCHRP methods. The
NCHRP methods have been approved by AASHTO and will be included in the next
interim update to the LRFD Bridge Design Specifications.

Do not include the prestress gain due to application of live load in the total long-term
loss calculation.

An Excel spreadsheet for calculating prestress losses using the NCHRP 18-07
methods is available from the Bridge Engineering Section.

The preferred method of calculating prestress losses is the “Detailed” method per
NCHRP 18-07. Prestress loss estimates by past ODOT bridge designers have
generally been in the 35 to 45 ksi range. Therefore, the NCHRP 18-07 loss
calculations appear to be consistent with earlier loss predictions. And these loss levels
have resulted in relatively accurate predictions of camber at the time of deck
placement. There has also been no record of service cracking in bridges designed with
these prestress loss levels.

Prestress gain due to application of live load can be more than 20% of the total
prestress loss. ODOT’s policy of not including this gain results in a conservative
estimate of final girder stresses. Because of this, an accurate estimate of prestress
losses is preferred rather than a conservative estimate. Note also that prestress loss
affects girder stress, but does not change the ultimate strength or capacity to carry
permit loads.

Transforming the prestressing strand to increase section properties is not
recommended. The Eriksson PSBEAM program allows this to be done by simply
checking a toggle. As stated in NCHRP 18-07, prestress losses should be calculated
differently (no elastic losses or gains) when transformed properties are used for the
prestressing strand. If so, the final girder stresses will be approximately the same
whether gross or transformed section properties are used. Therefore, there is no
significant advantage in using transformed section properties.

e Detailing — General

Camber - See Section 1.1.17 for special requirements pertaining to ACWS, sidewalk,
and rail requirements.

Deck Drainage - See Section 1.1.20.3 for details specific to slab and box beam
elements.

Girder Storage and Shipment - See Standard Specifications section 00550.51 prohibits
transportation before 7 days and only after the 28-day compressive strength has been
achieved. There may be special construction circumstances when a member needs to
be transported and placed before the 7 days, but it should not be allowed before the
28-day compressive strength has been achieved.

Delaying transportation and placement of the member beyond the 7 days should be
specified only if absolutely required by design. A longer placement delay would be
appropriate, if the design required additional long-term shrinkage and creep to have
occurred prior to fixing or encasing the beam ends.
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1.1.14.1 Design of Precast Prestressed Elements - (continued)

e Skew - Limit skew to 45 degrees for precast slabs and 30 degrees for precast boxes.
Excessively skewed slabs and boxes tend to warp more, making fit and obtaining
uniform bearing on the bearing pads more difficult. Stair stepping the bearing pads
may be necessary to obtain uniform bearing.

e Stage Construction of Slabs and Boxes with cast-in-place HPC decks — Do not use
side-by-side slabs or boxes with HPC decks when precast elements must be placed
in stages. Such stage construction does not allow tie rods to be placed as detailed in
BR445. Spread slabs or boxes with a 72" minimum deck thickness (two mats of
deck steel) would be an acceptable option for bridges constructed in stages.

e Transverse Connection for Side-by-Side Slabs and Boxes — Connect side-by-side
slab and box elements with transverse tie rods as detailed on BR445. Alternate
connection details, such as intermittent weldments, are not allowed.

e Surface Finish for Precast Members - The standard specifications requires a light
broom finish on the tops of members having an asphalt wearing surface and a
roadway finish for members having an HPC deck. A roadway finish combined with
extending stirrup legs up into the deck should provide adequate capacity to ensure
composite action between the girder and deck. It is not necessary to require
additional roughening.

e Interface Shear — For all members with a cast-in-place deck, provide interface shear
reinforcement full length of the member regardless of whether or not it is required by
design. This requirement is satisfied by extending stirrups from the precast member
up into the deck slab and will result in minimum reinforcement across the interface
shear plane equal to two #4 bars at 18 inch centers.

e Joint and Keyway details - see standard drawings for recommended details.

e See Appendix 1 Figures for other typical details.

1.1.14.2 Design and Detailing of Precast Prestressed Girders

(1) Stay-in-Place Forms — Where the spacing between edges of precast concrete girder flanges is no
greater than 2 ft, steel stay-in-place deck forms may be used. However, do not use stay-in-place forms in
exterior bays.

Steel stay-in-place deck forms may also be used behind end beams where the deck is continuous over
interior bents. Hot-dip galvanize all steel stay-in-place forms.

If stay-in-place deck forms are allowed, provide a minimum section modulus of 0.15 in® per ft and a
maximum form height of 1.5”. Install stay-in-place forms such that the top of the form is at the design bottom
of deck thickness. The weight of a form meeting these requirements is likely to be less than 2 psf. This
weight is not significant and need not be included in the design. However, add 10 psf additional non-
composite dead load in the girder design to account for extra concrete weight.

Do not use stay-in-place forms at deck overhang areas or where the edges of girder flanges are greater
than 2 ft apart. In such cases, access for inspection and future maintenance of the deck precludes the use
of stay-in-place deck forms.
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1.1.14.2 Design and Detailing of Precast Prestressed Girders - (continued)
Do not use stay-in-place forms in coastal areas.
These provisions apply to precast girders, slabs and boxes.

Where stay-in-place forms are considered, add the following statement with the loading section of the
general notes:

“Stay-in-place deck forms may be used except for exterior overhangs and between the exterior girder and
the first interior girder on each side of the structure. XX psf additional non-composite dead load has been
included in the girder design to account for extra concrete and form weight associated with stay-in-place
forms.”

(2) Diaphragm Beam Restraint:

Alternate A: Alternate B:

Cable restraint top and bottom One cable restraint at location
at each beam D*\ shown in Detail “A”

B nn
T 1 IS

CABLE RESTRAINT DIAGRAM

Snug fit prestressed beams against forms prior to diaphragm
pour. Restraint to remain in place a minimum of two days after
completion of diaphragm pour.

6//
typ.

1” dia. hole at
mid depth of girder I
for cable restraints
(Typical all Diaphragms.)
After restraint is removed
fill hole with concrete and
finish flush with surface

(E xterior beams only) /+

DETAIL “A”

Figure 1.1.14.2A
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1.1.14.2 Design and Detailing of Precast Prestressed Girders - (continued)
(3) Beam Seat or Top of Crossbeam Elevation - A note on the plans should indicate if the beam seat (or top

of crossbeam) elevations shown are for deck buildups based on three months camber. Adjust the beam
seat (or top of crossbeam) elevations during construction to correct for the revised deck buildups.

(4) Continuous Deck Reinforcement - Provide additional deck reinforcement for bridges composed of
precast simple span elements with continuous deck as shown below. This detail does not apply to bridges
made continuous for live load. When girders are made continuous for live load, the deck reinforcement must
resist the negative moments generated. The result will be substantially more deck steel than the detail
below. NCHRP Report 519 provides design examples for girders made continuous.

| 12'-6" / € Bent

‘ 7'—6" #5 x 20’ alternate w/deck
bars at about 6” and stagger
as shown, full width of deck

)

¢
>

1

)
# N

'&)

4

1

l >
Top longitudinal deck bars

INTERIOR BENT WITH CONTINUOUS DECK

Figure 1.1.14.2B

(5) Beam Stirrups - Bulb-T and Bulb-I standard drawings show stirrups with 90° shop bent hooks at the top
of the girder. These hooks must protrude at least 3 in. above the bottom of the deck. If they do not, because
of excessive build-up, the standard drawing requires the use of "U" bars to fill the gap.

There is no need for the stirrup hooks or "U" bars to extend to the top mat of deck reinforcement, as has
been shown in the past. Details on the plans should reflect these requirements.

i

37 min.
above brm
of deck
3" min
above btm
of deck

Figure 1.1.14.2C
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1.1.14.2 Design and Detailing of Precast Prestressed Girders - (continued)

(6) Structure Widenings, Precast Beam Bridges - Detail connections between superstructures to prevent
widening dead loads from being transferred to the existing beams. This may be accomplished by delaying
the connection pour (diaphragm and deck) until most of the dead load is applied to the widening. The
designer chooses the appropriate placement method.

Existing Structure @ ‘ @

r—— R R R SR SN B
L T : - WRET ;
] | i : --
Ll \ i i i i
. | i 1 i ;
[ S 7N ZIN N
| (AN S RS RS
I,A,J i;: CD ! ! !
| | |

CLOSURE POUR METHOD

POUR SCHEDULE
(INCLUDING CLOSURE POUR)

@ Make pour in diaphragms @ Make pour in deck slab of closure pour.
Delay a minimum of 3 days after pour

(2 Make pour in deck slab. Delay pour
@) a min.of 3 days after pour (7). (5 Make pour in bridge rail.

(3 Make pour in diaphragm of closure pour
section.

Figure 1.1.14.2D

Note: In the above closure pour method, the deck screed machine would normally be placed or supported
on the widening beams. As the concrete is placed, the beams tend to deflect equally. This equal deflection
normally gives better control of deck thickness and deck steel cover.
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1.1.14.2 Design and Detailing of Precast Prestressed Girders - (continued)

Existing Structure

DELAYED DIAPHRAGM POUR METHOD

POUR SCHEDULE

(D) Make pour in diaphragms (3) Make pour in diaphragm closure a minimum
of 3 days after pour (2).

(2 Make pour in deck slab. Delay pour
a min.of 3 days after pour @ @ Make pour in bridge rail.
Blockout deck as required to make pour

Figure 1.1.14.2E

Note: In the above delayed diaphragm pour method, the deck screed machine rails would normally be
placed or supported with one rail on the existing structure and one rail on the widening beams. As the
concrete is placed, the new beams would tend to deflect more than the existing composite beams. This
unequal deflection makes it more difficult to control deck thickness and deck steel cover, especially at the
new beam adjacent to the existing structure.

(7) Deck Pour Sequence - Placement of decks on precast prestressed beams should take place no less
than 60 days after stress transfer. This is to allow a majority of the prestress camber to occur, thus enabling
more accurate determination of beam build-up for the deck screeding.

(8) Diaphragm Beams - Use concrete diaphragm beams at span ends and at midspan. Install temporary
diaphragms midway between the end and midspan diaphragm beams before pouring the end and midspan
diaphragm beams. Temporary beams may be removed after removing the deck overhang brackets.

(9) Earthquake Restraint Details - See cost data books for sample plans and details.

(10) Fixed Girder Connections - Where girder ends are designed with a fixed connection to an end beam or
bent cap, embed the girder into the end beam (or bent cap) a minimum of 8 inches. Provide transverse
bars/rods through the girder ends as shown on the standard drawings (BR300 & BR310). In addition to the
above requirements, provide strand extensions and/or dowels at the end of the girder as needed to ensure
adequate transfer of loads to the substructure.

(11) Girder Spacing — Limit girder spacing to 9 feet for girder sections up to BT72 and 1.5 times girder depth
for larger girders.
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1.1.14.3 Stage Construction for Side-by-Side Precast Prestressed Elements

(1) Precast Members topped with ACWS - Side-by-side elements are typically topped with a
waterproofing membrane and asphalt wearing surface. This type of construction works well in a stage
construction scenario as long as the elements are placed consecutively from one side to the other.

When using this type of construction, the previous stage precast element at the stage construction joint must
carry some of the wearing surface dead load from the subsequent stage since adjacent slabs must have
their tie rods connected before the wearing surface is placed for the subsequent stage. This additional load
is generally ignored (i.e., the members are designed as if they were all placed in one stage). Long term
creep is thought to mitigate this condition. To date, annual inspections have found no distress in precast
elements due to this practice.

For cases where elements cannot be placed consecutively from one side to the other, it becomes
impossible to place standard transverse tie rods. For this reason, select a different structure type (ex.,
spread slabs or girders with CIP deck) when elements cannot be placed consecutively. Any side-by-side
precast slab or box element must be connected to adjacent elements with transverse tie rods as detailed in
BR445. Alternate details, such as intermittent weldments, are not allowed.

(2) Precast Members topped with CIP concrete — Side-by-side elements may be topped with an HPC
deck. See 1.1.14.1 for minimum deck thickness and reinforcing requirements.

For this type of construction, the deck dead load is substantially larger than the ACWS case. For this
reason, this type of construction must be detailed to prevent the deck dead load from later stages from being
transferred to previous stages.

One solution to this problem is to provide a space (12 to 18 inches) between the stages that is filled with a
CIP closure girder which is placed after full deck dead load is applied to both adjacent sections. For this
case, design the precast members adjacent to the construction joint as exterior girders. Design the CIP
closure girder to carry a contributory portion of live load under the strength limit states.

Use of spread slabs or boxes is another possible solution for stage construction. If so, use 74" minimum
deck thickness with two mats of steel as required by 1.1.14.1.

Any side-by-side precast slab or box element must be connected to adjacent elements with transverse tie
rods as detailed in BR445. Alternate details, such as intermittent weldments, are not allowed.

1-185



Bridge Design and Drafting Manual 2004
Oregon Department of Transportation

1.1.15 Cast-In-Place Superstructure
1.1.15.1 General Design
(1) Structure Depths

See 1.1.2.3(2) for minimum depth and live load deflection requirements.

(2) Computations of Deflections

Base computed deflections on the effective moment of inertia of the section.

Estimate long-term deflections as instantaneous deflection times a factor of 3 for reinforced concrete
elements.

1.1.15.2 Interim Reinforcement for T-Beams

Refer to Section 1.1.13.3.

1.1.15.3 Diaphragm Beam Steel

Refer to Section 1.1.13.5.

11.154 Box Girder Stem Flare

Taper changes in girder stem thickness for a minimum distance of 12 times the difference in stem thickness.
See Standard Drawing BR130 for details.

1.1.15.5 Shear Keys and Construction Joints

Normally, shear keys at construction joints are unnecessary. Show construction joints with a roughened
surface finish unless shear keys are required and shown on the plans.

At construction joints between the stem and slab of concrete girder bridges, use the following note:
Roughened surface finish. See 00540.43(a) in the Standard Specifications.
1.1.15.6 Access Holes

Access may require using manholes and/or access holes through bottom slabs, diaphragm beams,
crossbeams and longitudinal beams. See Standard Drawings BR135 and BR136 for details.

Avoid placing access holes through the deck of a structure. There is a potential for the access hole cover to
leak. Disruption of traffic and the need for traffic protection and direction should be avoided.

In addition to the standard drawing for Access Holes, draw a section on the plans normal to the girder
through the access hole showing the relationship of the longitudinal stems, utility lines, and crawl holes to
the access hole and ladder. If the drawing is to scale, dimensions need not be shown. See Section 1.4.4 for
access requirements.
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1.1.15.7 Bottom Slab Details

Generally, show the bottom slab of box girders to be parallel to the top slab in transverse section so that all
girder stems will be the same depth.

The thickness of the bottom slab should not be less than 6”.

Place a 4” x 4” drain hole through each diaphragm beam at the low point of each cell. Place a 4” diameter

drain hole through the bottom slab at the low point of each series of cells in a span. For cells that carry
water lines, increase 4” diameter to 6” diameter.

Place 4" dia. drain hole
thru bottom slab at low
point of spans ea. cell.

© / q £ f Xb Face of X-bm.
@ ool T ace of X-bm. /
kS R~ AE
2 AT -, |L3-0" min,
= AT [ e
8= R O 7.1 ) S A
; - q_-l_l$ . A G b',.- |_‘v_:>’j)“
£ " work ling__|_tevel . % circular
] _———= paral el _fo gfqde_ e : V-groove 8
g Al N Z See deck plan for dia.
3 e 3% v-groove location of drain holes
SO AN BOX GIRDER
Place 4“ dia. drain hole thru bottom BOTTOM SLAB DRAIN

slab at low points of span, each cell.

BOTTOM SLAB DRAIN
AT INTERIOR BENTS

Figure 1.1.15.7A

1.1.15.8 Cross Beams

Refer to Section 1.1.13.3 and1.1.13.4.

1.1.15.9 Fillets

Provide adequate fillets at the intersections of all surfaces within the cell of a box girder, except at the
junction of web and bottom flange where none are required.
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1.1.15.10 Structure Widenings, Cast-in-Place Superstructures

Connections between superstructures should be detailed to prevent widening dead loads from being
transferred to the existing beams. One method is to temporarily support the beam adjacent to the widening
during construction. Designate locations where supports are required and expected maximum reactions.
An alternate method requires closure pours for the diaphragm and deck slab.

Structure Widening ‘ Existing Structure
|
\L ] 7777777777777777 )
T r " r " |
Lo Lo Lo
| | | | | |
| | | | | |
| | | | | |
| | | | | |
L L J I | | | [
L b -] [E— L [E—
/Provide support at beam shown at mid-
TEMPORARY SUPPORT span during construction (XX kips max.
METHOD reaction in spans ” =" " and YY kips max.
reaction in spans ” ” & ” ”)
Structure Widening Existing Structure
Closure Pour
R O o e
e - i | |
e o . | | |
© o © o] @ | |
o T ‘ ! L
Le_-J i [— L [—

CLOSURE POUR METHOD

POUR _SCHEDUL E

@ Pour longitudinal beams and diaphragm beams shown tfo the bottom
of the top fillets.

@ Pour Q) includes top fillets and deck slab. Pour (9 to be delayed
a minimum of 3 days after pour (). A deck construction joint
may be made over any diaphragm beam. Delay pouring adjacent
section of deck a minimum of 36 hours.

@ After falsework removal, pour diaphragm closure section.

Make closure pour in deck slab. Delay a minimum of 3 days after
pour

Figure 1.1.15.10A

1.1.15.11 Stay-in-Place Forms for Deck

For deck construction, stay-in-place forms will not be allowed. Loss of access for inspection and future
maintenance of the deck preclude the use of stay-in-place deck forms.
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1.1.16 Post-Tensioned Structures
1.1.16.1 General Design

(1) Structure Depths

See 1.1.2.3(2) for minimum depth and live load deflection requirements.

(2) Shrinkage and Creep Stresses

The stresses in the superstructure and substructure of post-tensioned concrete bridges which result from
elastic shortening may be assumed to remain in the structure indefinitely. The stresses which might be
assumed to develop as the result of shrinkage and creep may be assumed to be relieved by creep.

(3) Shortening of Post-Tensioned Bridges

The following values for shortening of post-tensioned, cast-in-place concrete bridges are based on field
measurements by the ODOT Bridge Section. Compare the design values with the field measured values
and use the more conservative value.

Shrinkage prior to tensioning (theoretical)

0.4 x .0002 ft/ft x 12 in/ft x 100 ft = 0.10"/100°
Elastic shortening 0.44"/100°
Shrinkage and creep after tensioning to 1 year 0.29”/100°

Shrinkage and creep 1 year to 20 years (anticipated) 0.10"100°
These structures were stressed to an average concrete stress of 1200 psi (1000 to 1300 psi). For other
values, the elastic shortening and creep should be roughly proportional. Our data indicates that variation of
these values by 50 percent would not be unusual.
(4) Deflections
Estimate long-term deflections as the net instantaneous deflection (DL + Prestress) times a factor of two for

cast-in-place post-tensioned elements.

(5) Curved Post-Tensioned Ducts

Design for the radial prestress forces resulting from curved tendons in post-tensioned structures. Additional
shear/flexural reinforcement may be required to resist the lateral web forces and ties to resist the web
bursting forces.
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1.1.16.1 General Design - (continued)

(6) Design Moments at Interior Bents of Post-Tensioned Bridges

For crossbeams with widths less than the distance between the top and bottom slab, do not include the
crossbeam in the superstructure section properties. Project the stem and slab dimensions to the centerline
of the bent and use those dimensions to calculate section properties. Use the negative moment at the bent
centerline for design.

Ignore shaded area in
section properties

AN

7

7
S _

Figure 1.1.16.1A
For greater crossbeam widths, use the above section properties and consider adding supplementary

reinforcing steel across the top of the crossbeam to control any theoretical cracking that may occur from live
loading.

(7) Skewed Box Girders

Box girder bridges with skews of over 20° cannot be safely designed without taking into account the effects
of skew. These effects generally increase as any of the following increase: skew angle, span length,
torsional rigidity of the superstructure. The principal effect of skew is to increase the reactions at the obtuse
corner of the structure and to reduce those at the acute corners (sometimes even causing uplift). This
increases shear in the beams adjacent to the obtuse corners and produces transverse shear in the deck and
bottom slab. These effects can be reduced by reducing the skew, which generally means lengthening the
structure and/or by placing cross beams at interior bents normal to the centerline of the structure.

When torsion due to skew is a problem, consideration should be given to reducing the torsional stiffness of
the structure. RCDG bridges, either cast-in-place or with precast girders, are torsionally limber.

Do not design box girder bridges with bents skewed more than 45° from the normal to the structure
centerline.

Careful design of post-tensioning with regard to the deflection and slope of the girder at a skewed end can
nullify or reverse the tendency of the obtuse corner of the skewed structure to take a disproportionate part of
the dead load. Theoretically, this could be done so that under full DL+LL+I, the reactions would be equal at
all bearings. Even an approximation of this condition will benefit the design.
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1.1.16.1 General Design - (continued)

(8) Concrete Tensile Stress Limits

The concrete tensile stress limits given in 1.1.14.1 also apply to post-tensioned members.

1.1.16.2 General Details

Details and practices stated in Section 1.1.15 generally apply to post-tensioned box girders as well as
conventional box girders.

(1) Conventional Box Girders

See Standard Details DET 3125 and DET 3130 for general details.

(2) Precast Trapezoidal Box Girders

See Standard Drawing BR133 and Standard Details DET 3131, DET 3132, and DET 3134 for general
details.

(3) Access and Ventilation

See Standard Drawings BR135 and BR136 for general details.
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1.1.16.3 Post-Tensioned Deck Overhangs

Place post-tensioning ducts and deck reinforcement normal to the centerline of the structure.

% \

2 - #3 U-bars @ each plate 1
18" ,///7‘<:::::::h‘ah‘ah‘k“h‘ 7 - #3 U-bar pairs @ 3
_ e
8~
= - _ -
I )
L%J * Varies with deck thickness

PLAN

Anchor plate

.

5" \7 - #3 U-bar pairs @ 3"

SECTION A - A

TRANSVERSE PRESTRESS ANCHORAGE

Figure 1.1.16.3A

1.1.16.4 Stress Rod Reinforcement of Bearing Seats

A recent example of a stress-rod reinforced bearing seat is shown below. In order to retain a significant
amount of prestressing force, the stressed length of the rod should be not less than 10 feet.

Stress rods
: \ H I /N I

A\
S

Stress rods

STRESS ROD REINFORCEMENT OF BEARING SEATS

Figure 1.1.16.4A
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1.1.16.5 Segmental Construction

Where precast and cast-in-place concrete elements are joined in a continuous, segmental structure,
chamfer the exterior corners of the cast-in-place portion to match the precast elements. It is standard
practice to chamfer precast elements, even though the chamfer may not be shown on our drawings or the
shop drawings.

1.1.16.6 Support Tower Details and Notes

Design the support tower at the end of the suspended span to support the reaction from the suspended
span including the additional reaction due to post-tensioning. Show on the plans the approximate total
reaction is kips. Design the tower to accommodate the elastic shortening of the superstructure due to
post-tensioning. Make provisions so that the superstructure may be returned to the plan elevation (raised or
lowered) in the event that actual settlement at the top of the tower differs from the anticipated settlement.

Keep the support tower in place until the suspended span is fully supported by the cantilever and adjoining
span.

Post-tensioned Suspended Span Cantilever
span

A
\
\
\
\
\
\
\
\
\
T
\
\
\
\
\~

,,,,,,,, . 3

U4 U4 U U4 [
/ ,/ / ,/ Later construction
4 4 4 4 AN Support
/ U4 / U4
/ / / / fower
/ / / /
/ / / /
_ /\/_\

Intermediate falsework (remove only after post-tensioning
and after removal of adjolning span falsework.

Figure 1.1.16.6A
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1.1.16.7 Reinforcement of Deck Overhangs

In order to prevent cracking at the end of post-tensioned spans, extend the end diaphragm beam to the
edge of the deck or provide additional diagonal deck reinforcement similar to shown below.

#5 x 4'-0" @ 6”
alternate top & Boftom

‘ EXxI. stem
Outer edge| — Ty
of deck \
\ End diaph. bm.
Potential crack — L~

Ai iA

T'ransverse bars Longitudinal bars Uf

SECTION  A-A

Figure 1.1.16.7A

1-194



Bridge Design and Drafting Manual 2004

Oregon Department of Transportation

1.1.16.8 Post-Tension Strand Duct Placement

The detailing of post-tensioned box girders should allow pouring the bottom slab and stems as separate
pours. The design of the prestressed tendon path should be such that the ducts do not fall in the area of the
bottom slab. See Standard Details DET 3125 and DET 3130 for general details. To ensure the ducts are
fully encased in concrete, avoid locating ducts in the bottom slab and avoid crossing construction joints near

the top slabs. Show the following details on the project plans if needed:

O

17 deep shear key

blockour x
as shown.

ft.

]

Low point detail

Figure 1.1.16.8A

1”_min,

Encase ducts in concrete
with 1” min. cover,

if ducts project above
construction joint.

Duct encasement in stem area shown with
1 minimum cover, if the ducts project
above the construction joint.

High point detail

Figure 1.1.16.8B
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1.1.17 Camber Diagrams
1.1.17.1 Camber Diagrams, General
Show camber diagrams on the plans for all types of cast-in-place concrete structures. The camber diagram
shall be titled, “Dead Load Camber Diagram” and be accompanied by the applicable portions of the following
note:

Camber is designed to compensate for deflection due to prestressing, the dead load of all concrete,

stay-in-place forms and wearing surface and the long-term effects of shrinkage and creep.

An example of a camber diagram for a cast-in-place structure is shown below.

Span 1 Span 2

~—~Bent 1
1
Bent 2 Symmetrical about ¢ Bent 3/

N s N N
N © s N < N N
S N S s . N 3 N R W s R
N ~ ©, N R \Q -~ © N
o NN N T NN © o
o o - ba) NN
|

I I I I I I I I [ I
0 0.1 02 0.3 04 05 06 07 08 09 0 01 02 03 04 05 06 07 08 09 O

Note:

Camber diagrom includes camber for dead load of all concrete,
future wearing surface and post-tensioning, plastic flow and
shrinkage effects.

CAMBER DIAGRAM

Figure 1.1.17.1A
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1.1.17.2 Precast Slabs and Box Beams

Camber of precast elements has increased in recent years due to higher strand forces. Top of slab
elevations should reflect allowances for camber and grade correction. Rail posts lengths and curb heights
will have to be increased accordingly near the ends to obtain the proper finish rail height and curb exposure.
Note on the Typical Deck Section that post lengths may vary due to camber and/or superelevation. Include
information on the contract plans as follows:

2" min.
. . Finish grade .
;{\' /7Wear/ng surface [ (sag vertical curve) &\,
| \ LY
T | —
Slab (or Box)
Bent 1 Bent 2
2" min.
. Finish grade
: Wearing surface [ (crest vertical curve) NS
A _ N}
—

N
%
T |
Slab (or Box)
Bent 1 Bent 2

Figure 1.1.17.2A

1.1.17.3 Precast Girders

Camber instructions pending
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1.1.18 Pour Schedules

1.1.18.1 Pour Schedules, General

In order to avoid misunderstanding and claims by the contractor, take care to make sure that construction
sequences and pouring schedules are clearly described. Particular care is needed if symmetrical structures
are covered by sketches showing half of the structure.

In general, longitudinal pours in continuous spans are stopped near the bents to allow concrete shrinkage to
occur in the majority of the span. Closure pours over the bent are generally shorter to minimize shrinkage
cracking that could occur between fixed supports or placements.

Bottom slab or beam construction joints should be made at a falsework bent rather than a permanent bent.
Cracking may develop at a permanent bent, if the adjacent falsework settles or deflects during the concrete
placement.

1.1.18.2 T-Beams Supported on Falsework

A typical sketch and pour sequence is shown below.

0.2 span | 0.2 span
maximum maximum

Pour @

Closure pour over Bents

Figure 1.1.18.2A

POUR SCHEDULE

1. Pours (1) and (2) are the longitudinal and transverse beams to the bottom of deck (or fillets). Make all
Pours (1) prior to Pours (2). Beam construction joints shall not be near a permanent bent but shall be made
at a falsework bent. Adjacent beam pours shall be delayed a minimum of 3 days.

2. Pour (3) is the (fillets and) deck. Pour (3) to be delayed a minimum of 3 days after completion of all
Pours (2). A deck construction joint may be made over any transverse beam. Delay pouring adjacent
sections of deck a minimum of 5 days. Bulkheads for deck pours shall not be removed until at least 3 days
after completion of pour. Deck pours may extend over any part of a span or spans so long as they meet
these requirements.
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1.1.18.3 Box Girders on Falsework

0.2 span

\. Falsework %

(9 falsework /| \ 0, ()
0.2 span|0.2 span Falsework 0.2 span
maximum " maximum bent maximum " maximum

Figure 1.1.18.3A

POUR SCHEDULE:

1. Pours (1a) and (1b) are the bottom slab. Stop Pours (1) at a falsework bent and not at a permanent
bent. Delay a minimum of 3 days between adjacent Pours (1). Complete all Pours (1a) prior to
starting Pours (1b). Complete all Pours (1) prior to starting Pours (2).

2. Pours (2a) and (2b) are the longitudinal and transverse beams to the bottom of the fillets. Stop Pours
(2) over a falsework bent. Delay the start of Pours (2) a minimum of 5 days after bottom slab
Pours (1) are complete. Delay a minimum of 3 days between adjacent Pours (2).

3.  Pour (3) includes the fillets and deck slab. Pour (3) to be delayed a minimum of 3 days after
completion of all Pours (2). Pours (3) may be stopped over any transverse beam, with the use of
a deck construction joint. Delay a minimum of 5 days between adjacent Pours (3). Bulkheads
for deck pours shall not be removed until at least 3 days after completion of the pour. Deck pours
may extend over any part of a span or spans as long as they meet these requirements.

Comments:
Generally, it is preferred that the bottom slab be completely poured first and separately from the longitudinal
beams. This ensures a more uniform bottom slab thickness, the slab provides a good base for stem forms,

and the continuous bottom slab helps stabilize the falsework system. It also allows the falsework to take its
initial settlement without affecting other superstructure components.
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1.1.18.4 Drop-In Precast Prestressed Elements

Complicated types of construction require detailed construction sequence notes, such as the following:

€ Bent € Bent (symm. about §)—=

Pour 5 7 Y‘,c>0,_,, &b /Pour 3b

T — T, Il

‘ Pour 4
‘ Pour 60/
j See Note - 1 Pour 3a
Pour 2

Pour 1

See Note - 2

Figure 1.1.18.4A

POUR SCHEDULE:

1.

2.

10.

11.

Make Pour (1).
Make Pour (2), includes Bent 2 column.
Make Pour (3a), includes bottom slab and webs to bottom of top fillet, Beam "C" to bottom of deck.

Make Pour (3b), includes deck and top fillets for cast-in-place section. Delay Pour (3b) a minimum
of 3 days after completion of Pour (3a) .

Apply Stage | post-tensioning to cast-in-place section. Stressing to begin a minimum of 14 days after
completion of Pour (3), but not until concrete in Pour (3) has reached its design strength.

Place prestressed beams. Beams to be placed so that the number of beams in one span does not
exceed by more than 4 the number in the opposite span.

Make Pour (Pour (4), includes diaphragm beams "D" and end beams "E".

Make Pour (5), (no less than 60 days after transfer of stress in precast, prestressed beams), includes
deck on prestressed beams to diaphragm beam nearest Bent 2.

After Pour (Pour (5) has) has been made in Spans 1 and 2, make Pour (6a), includes remainder of
Beam "C". Let concrete take initial set, and make Pour (6)b, includes remainder of deck.

Apply Stage | post-tensioning to assembled Spans 1 and 2. Stressing to begin a minimum of 14 days
after completion of Pour (6) , but not until concrete in Pour (6) has reached its design strength.

Pour curbs.
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1.1.184 Drop-In Precast Prestressed Elements - (continued)
NOTES:
1. Bents 1 and 3 footings and walls may be poured any time up to 7 days prior to placing of
prestressed beams, but concrete must have reached its design strength prior to beam

placement. No part shall interfere with post-tensioning operations.

2. Paving slab and sidewalls may be poured at any time except that no part shall interfere with
post-tensioning operations.

3.  Deck concrete shall be screeded parallel to bents.
4. Composite decks and/or closure Pours shall not be made until at least 60 days have elapsed
from the time of transfer of prestressing force in the precast elements.
1.1.18.5 Continuous Cast-in-place Slabs on Falsework

For pours over 600 yd3, allow a transverse deck construction joint at 0.2xspan from the next interior bent.

1.1.18.6 End Bents

If the fit of superstructure elements is critical, the end bent construction sequencing should consider this.
End wall construction should normally be delayed until the superstructure elements are in place. Delaying
the end wall construction also allows the contractor to compensate for errors in superstructure element
lengths and end bent locations. Show a construction sequence diagram, with notes, as needed.

1.1.18.7 Steel Girders

See Section 1.2.1.9 for example.
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1.1.19 Bearings

Design — General

Provide provisions for bearing replacement, including temporary jacking and support for all manufactured
bridge bearings. There is a potential of bearing failure during the service life of a bridge, which requires that
provisions for bearing replacement be provided in the design drawings. Providing temporary jacking support
(design, detailing and construction) on existing structures is complex and increases the maintenance cost
and life cycle cost of a bridge. Including consideration of jacking and temporary support in the original
design will reduce future rehab cost and ease future bearing replacement. This work may require pilecap or
crossbeam widening, or widening under each girder. Show grout pad locations in the contract drawings for
temporary jacking support and a bearing replacement sequence and minimum jacking loads. Check the
adequacy of all affected structural elements during bearing replacement and stability of the structure.

1.1.19.1 Elastomeric Bearing Pads

Elastomeric bearings are used to accommodate movements on short to medium-span structures. The three
types of pads include:

e plain pads

e laminated pads reinforced with fabric (fiberglass)

e laminated pads reinforced with steel.

Plain pads are made from elastomer molded or extruded into large sheets, vulcanized and then cut to size.

Do not use cotton duck pads or random Oriented Fiber Pads bearing for slabs and box beams construction.
Use plain elastomeric (neoprene) pads instead.

Fabric reinforced pads are made from alternate layers of elastomer and fabric (usually fiberglass) in large
sheets, vulcanized and then cut to size. Fabric reinforced pads are restricted to short to medium spans with
little or no skew.

Steel reinforced pads are made from alternate layers of elastomer and steel cut to size and then vulcanized.
A thin cover layer of elastomer encapsulates the steel to prevent corrosion. The exposed edge voids in the
pads caused by the steel laminate restraining devices are shop sealed with an appropriate caulking material.

Use Method “A” to design elastomeric bearings. Where there is a need to use Method “B”, specify in the

Special provisions and contract drawing that the Method “B” was used. Elastomeric bearings designed
using Method “B” require extra testing.
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1.1.19.1 Elastomeric Bearing Pads — (continued)

Use the following movements for pad thickness design:

ES + LF1*( CR+SH) + LF2*(TF or TR)

Where:
ES = elastic shortening movement
CR = creep movement CR = (ES)(CF)
SH = shrinkage movement
TF = temperature fall movement
TR = temperature rise movement
CF = creep coefficient
LF4 = from Article 3.4.1
LF,= TU, Load Factor from table 3.4.1-1

Use proper signs and the Load Factor that produces the largest movement in each load
combination.

The final elastomer thickness is 2 times the thickness of the elastomer required to accommodate the design
movement. Nominal pad thickness should be multiples of '%”, from 2" to 6” maximum. The actual finished
thickness will vary depending on the type of reinforcement. Fabric has a negligible thickness. Steel plate
thickness may vary with the manufacturer, but should be a minimum of 14-gauge.

0.12"-0.25"

0.25"
typ.

Y Cover layer

S [ ] _
T s
I R —_

min.

0.075"

1.73”

1.50”

—-—
.

T TT
4
i
11
11
11
11
11
11
11
11
0
typ

%f% Fiberglass layers \ Steer plate
1"/, FIBERGLASS 1,7 STEEL
REINFORCED REINFORCED

Figure 1.1.19.1A
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1.1.19.1 Elastomeric Bearing Pads - (continued)

Pad thickness called for on detail plans should be the total thickness of the elastomer required. If bearing
pad elevations are shown, the assumed finished pad thickness should be listed. Use circular elastomeric

bearing pads for curved steel girders.

Examples are shown below.

1’97 1'-9” *6v nominal pad thickness.
i Ad just height of pedestal to
157 6" accommodate finished pad
—~ thickness. See Special Provisions.

._W

77 '

- /

47 dmmJ L_*gr x 307 x 48~
elastomeric bearing pad.
SECTION

ELASTOMERIC BEARING PAD

(No Elevations Shown)

]5//

*6” nominal pad thickness.

67" finished pad thickness
assumed to determine Bearing

I'-9 1 I'=9 Pedestal Elevations shown on
P dwg. 00000. Verify actual
b | 157, |5 manurfactured bearing thickness
4\_% ‘ before Pedestal construction.
W YN See Special Provisions.
1

L %6 x 307 x 48"
elastomeric bearing pad.
SECTION

ELASTOMERIC BEARING PAD

(Elevations Shown)

4" drain

Figure 1.1.19.1B

For prestressed slab and box beam bearing pad sizes, use Figure A1.1.8.7D (end bents) or Figure
A1.1.9.2C (interior bents).
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1.1.19.2 Proprietary Pot, Disc, Slide, Radial, or Spherical Bearings

These bearings are normally used on long-span and post-tensioned concrete structures where the design
movement cannot be accommodated with elastomeric bearings.

When provided to allow longitudinal movement for concrete superstructures, design bearings to
accommodate the anticipated effects of shrinkage, creep and elastic shortening (where applicable) as well
as temperature.

Use the following movements for proprietary bearings:

Shortening: ES + LF1*( CR + SH )+ LF(TF)
ES + LF1*( CR + SH )+ LF3(EQ)

Lengthening: LF2*(TR)
ES + LF1*( CR + SH )+ LF3(EQ)

Where:

ES = elastic shortening movement

CR = creep movement CR = (ES)(CF)

SH = shrinkage movement

TF = temperature fall movement

TR = temperature rise movement

CF = creep coefficient

EQ = Maximum design earthquake displacement (movable bearings)
LF1 = from Article 3.4.1

LF,= TU, Load Factor from table 3.4.1-1

LF3= Load Factor from table 3.4.1-1

Use proper signs and the Load Factor that produces the largest movement in each load
combination.

The creep coefficient above is taken as 1.5 for both prestressed and post-tension concrete structures.
Shrinkage movement is calculated using 0.0004 times the total length of the structure. For prestressed
concrete structures 40% of this movement takes place within the first thirty days after manufacture.
Therefore, the amount of creep and shrinkage movement for these structures, after placement, can normally
be taken as 60% of the total.

Values for shortening of post-tensioned, cast-in-place concrete bridges have been determined by field
measurements by the ODOT Bridge Section. Compare the design values with the field measured values
and use the more conservative values.

The initial position of expansion bearings shall be detailed so that the bearing will behave satisfactorily after
the design movement has taken place.
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1.1.19.2 Proprietary Pot, Disc, Slide, Radial, or Spherical Bearings - (continued)

Initial of fset, , Conventional Conrete ——1.0 (SH)
Prestressed Concrete —— 1.0 (CR + SH)
Post-tension Concrete ——- 1.0 (ES + CR + SH)

¢ Bearing

i |_— Concrete Pedestal

3-0” minimum when

|
bearing access is req'd. | i ! * Provide the minimum clearance
I shown to facilitate inspection or
) ! jacking of the superstructure if bearing

Slope pav:ng% | N replacement or adjustment is necessary.
1
I
\Q Bent

Figure 1.1.19.2A

Performance Specifications for Approved Proprietary Bridge Bearings are now covered by the Standard
Specifications. Approved bearings are listed in the Qualified Products List, which is available on the ODOT
website.

The designer must check the shop drawings, specified test results, and certifications for compliance with
these specifications.

When proprietary bearings are used, show the following details and information in the contract plans:
(1) Schematic Drawing - A schematic drawing of the bearing showing the method of attachment of the

upper and lower units to the superstructure and substructures, respectively. See Figure 1.1.19.2B for an
example.

(2) List design notes for:

e Required clearance to edge of concrete support

e Maximum allowable concrete bearing stress

e Minimum rotational capacity of bearing (not less than 0.015 radian)
e Any restriction as to type of bearing (pot, disc or spherical)

e Reference to bearing schedule for load and movement capacity.

¢ Reference to standard specifications for painting.

o Reference to the Qualified Products List for approved bearings.

Paint all exposed surfaces of the bearing devices except teflon, stainless steel, machine finished or polished
bearing surfaces, as set forth in 00594 of the Standard Specifications. Provide a primer coat only for
portions to be in contact with concrete and for steel to steel contact surfaces.
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1.1.19.2 Proprietary Pot, Disc, Slide, Radial, or Spherical Bearings - (continued)

6-1" dia.x 5"
weided anchor studs

“ ea. side o

R (ASTM A36)cast in
prestressed beam.

%" dia. x 2"
Cap screws

Y Level

—— :
| \
— L Concrete pad
‘ ‘ Tapered top plate
(ASTM A36)as req'd

Masonary plafe—

4-1” dia. x 2'-6" anchor (ASTM A36) —Base plate
rods (ASTM A307) (ASTM A36)
(Hot-dip galvanized) END VIEW ©
= " Offset Top Plate of &
3 2 % - [ 7~ Bearing Assembly. el
D Q2 | " nly €
Q: 'g 2 AII/G ‘ | § hh— ~§
8 qg; 14 I ‘ 5 £
8. <[§ I m SINES
i 28 N W N ¥~
<, L HH
Sl | [ﬁn“—”l—w—fwﬂ—f%l _— Level <
S
< &

% ” x 3]/2 ” sq.
plate washer

{
~¢ Brnig. \>—‘

g 3::

Tack Weld ELEVATION

T i

Figure 1.1.19.2B

(3) Bearing Schedule — Include the following items in the Bearing schedule:

Location of bearing (bent number)

Number of bearings required (number per bent)

Bearing fixity (fixed, guided or non-guided)

Final dead load (load/bearing)

Vertical design capacity (dead load + live load + impact, load/bearing)

Horizontal design capacity of fixed and guided bearings (not less than 10 percent of the
vertical design capacity).
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1.1.19.2 Proprietary Pot, Disc, Slide, Radial, or Spherical Bearings - (continued)

The specification requires each guided bearing to resist the entire horizontal load at any one bent. Use no
more than two guided bearings per bent or hinge. Where more than two guided bearings are required,
provide devices independent of the bearings to resist horizontal loads. Use non-guided bearings at these
locations.

e Mean temperature

e Design movements for:
Temperature rise
Temperature fall

Creep, shrinkage and elastic shortening
Change in bearing centerline per specified temperature increment

Provide the top bearing plate dimensions shall be adequate to compensate for the initial bearing offset
shown.

Provide additional bolted plates with the top and bottom plates of the bearing assembly to facilitate removal
of bearing for repair or replacement and to provide a level surface for the bearing unit.

BEARING SCHEDULE

, Design Load Capacities Calculated movements Movement per 10°F| from Initial Pasition
Bent |No. Req'd | Type | in kips per Bearing  |Initial OFfsel OF | 4°F [oreep shikage & TP choge Top. i Temp.Fal | 1
; : : oo

Vertical | Lateral | Longit. Temp. Rise| Temp. Fall | Elastic shorfening Direction | Direction
res| 4 oo ioo0 [0 [—| 3 | W | ok | 4 R ANAE

* Reduce design foad fo 200 kips for PTFE surface only.

Minimum Movement Capacity

Figure 1.1.19.2C

1.1.19.3 Bearing Replacement

Consider the potential of expansion bearing replacement during the life of the structure in sizing of
crossbeams and bents. Provisions may need to be made for jacking locations.

If a bent is accessible (close to the ground, out of traffic, etc.) it may be assumed that a falsework jacking
bent can be constructed and no special provisions on the bent are required.

If the bent is not easily accessible, provision for jacking, such as a wider crossbeam or strengthened
diaphragm beam should be provided.
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1.1.19.4 Reinforced Concrete Bearing Seats

(1) Clearance - The minimum horizontal clearance from the edge of a bearing plate, or 1" and thicker
elastomeric bearing pad, to the edge of a concrete bearing seat shall be 6”, or 3” plus the thickness of grout
under the bearing, whichever is greater. Where the bearing is skewed with the bent, this dimension may be
reduced at the corner of the pad. Locate anchor bolts a minimum of 6” clear of the nearest face of concrete.

6” or 3”"7\ |

/Bearing plate or pad

{ [ >
i

Concrete pad

Concrete

Figure 1.1.19.4A

(2) Additional Reinforcement - Generally, a reinforced concrete buildup, as shown below, shall be detailed
under the bearings of all prefabricated beams, except precast slabs and box beams less than 70’ in length.

Certain bearings may require no concrete buildup but have the bearing surface ground to grade.

Note:
Pour 2” concretfe pad, allow concrete to cure
3 days or until concrefe obtains design strength.

#3 U-bars @ 4" each way

A (#3 vert. bars may be embedded

v v | in X-Beam and bent to form
2cl_ . - 3 min.(typ.) unless U-bars, as shown.)
typ. shown otherwise -
3
2
i { 8
& ala I @
Sld - 3
N Tb 1 Bearind Y- § < N
N -\ pevice , \+ <8 =
—+\(see details’}- N
s
T 1 11 8
SIS
S
v W& T

SECTION
PLAN —_—
TYPICAL CONCRETE PAD

Figure 1.1.19.4B
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1.1.19.5 Unreinforced Bearing Seats (Prestressed Slabs and Boxes)

(1) General — For prestressed slabs and boxes, provide bearing details as shown in Figure 1.1.19.5A.

Set precast concrete slabs over 40’ in length on elastomeric bearing pads. Do not allow cotton duck pads
as a replacement for elastomeric bearing pads.

Note:

Place 15" concrete layer on concrete pad, place elastomeric bearing pads and preformed expansion joint
filler on concrete layer. Place slabs on bearing pads before the concrete layer is fully set to

ensure uniform bearing across full width of the slab. IT uniform bearing is not acheived, lift slab and
repeat procedure. Remove any excess concrete protruding above the bearing pads immediately after

placing slab.
1Yy dia. x 2'-3"

smooth dowel WSymm. about ¢ dowel wp + 1I'-1
O (5]
3 wp/2 + 615" S
S ] | 8| ]
N N | N N
= N\Nl | SRS
- = g
S - e
Q- = i
P 7 L i ¢ Bearings
: I |
| e 1 A ‘
¢ Bearing = ¢ Bent |
‘ \Q Bent

BEARING AND CONCRETE PAD DETAILS

Figure 1.1.19.5A

(2) Construction Procedure -

STEP 1. Pour 1-1/2” concrete pad, allow concrete to cure for 3 days or until concrete obtains design
strength

STEP 2. Place V2" concrete layer as shown in Figure 1.1.19.5A.
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1.1.20 Decks

1.1.20.1 Design and Detailing

Design

Design decks according to AASHTO LRFD Bridge Design Specifications.

For cast-in-place decks, discount '2” deck thickness when calculating composite properties for girder/slab
systems. For a typical 8” deck, 7.5” would be considered structural and 2" would be considered a sacrificial
wearing surface and included as non-composite dead load.

For additional deck requirements on Precast Prestressed elements, see section 1.1.14.1.

Do not use the empirical design method for deck reinforcing steel. Excessive deck cracking, apparently
due to under reinforcement, precludes the use of this method until further notice.

The preferred orientation of the top mat of deck steel will have the longitudinal bars on top. This
orientation places the longitudinal bars closer to the surface and thereby helps reduce the size of deck
shrinkage cracks. For the rare case when the primary concrete shrinkage is in the transverse direction,
place the top longitudinal bars below the top transverse bars. Transverse on top orientation is also
acceptable if necessary to meet deck overhang loading.

Do not use deck reinforcement larger than a #6 bar, except when needed to resist negative moment for
continuous-span girders. When the top mat has longitudinal bars on top, any longitudinal reinforcement
larger than a #6 bar will need to be placed in the bottom mat.

Unless a project specific deck reinforcement design is developed, use the “Concrete Deck Reinforcement
(LRFD Design)”, Figure 1.1.20.1A, 1.1.20.1B, 1.1.20.1C or 1.1.20.1D, for design and detailing. These
figures are shown on the following pages. Separate figures are provided for longitudinal on top and
transverse on top mat orientations.

Ensure project specific deck design conforms to the following minimum requirements:

Section 4.6.2.1 in the AASHTO LRFD Bridge Design Specifications

Concrete Class: HPC4000 — 142, 1 or % (except box girder decks that require greater strength)
Reinforcement: Grade 60

Reinforcement no larger than #6 bar

Reinforcement spacing = 5” and < 8”

Surface wear allowance = '/,

Limit top of concrete compressive service stress due to positive moment in the deck (between
girders) to 1650 psi.

Note that section 5.7.3.4 (Control of Cracking by Distribution of Reinforcement) is applicable for

negative moment steel for bridges made continuous for live load, but is not applicable to bridge

deck slab reinforcement. The 8" maximum bar spacing is adequate to control cracking in bridge
decks.
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1.1.20.1 Design and Detailing - (continued)

CONCRETE DECK REINFORCEMENT (LRFD DESIGN) with [ONGITUDINAL BARS ON TOP
Steel Girders & Cast-in-Place Concrete box Girders - Simple Spans

Longitudinal bars7\ ATransverse bars *215 cl. to

‘ longitudinal bars
\ T
! * 195" cl.to

transverse bars

Concrete beam

| g

Assumptions
Specifications: AASHTO (Section 4.6.2.1)

Steel Girders & CIP Concrete Box Girders

Concrete Class: HPC 4000 Girder Spacing | Deck Thickness | Transverse Bars | Longitudinal Bars

N " #, 1/, ##, e

Reinforcement: Grade 60 5'-0 8 4@ 6/ 108

5-37 8” #4 @ 61/2" #4 @ 8~

Top Mat Orientation: Longitudinal bars on top 5'-6" 8” #4 @ 6)" #4 @ 8

5-9” 8” #4 @ 6U" #4 @ 8”

Dead Load: 150 pcf + 50 psf future wearing surface 6-0" 8” #4 @ 6" #4 @ 8”7

Deck DL moments: Negative -0.10wS°2 -5 g es es

C ents: Negative -0.10wS°® P ,, * ” * 2

Positive +0.08wS°2 2 g Z #j g Z #: Z g”

Live Load: Table A4-1 using 6” from € of girder 7'-0” 8” #*4 @ 5% #4 @ 8~

to the negative moment design section 7-3" 8" #4 @ 5” #4@ 7"

7-6" 8" #5 @ 71/2” #5 @ 8"

Design Moment: 1.25*DL + 1.5%DW +1.75%LL 7-9” 8 #5 @ 77 #5 @ 8"

(Impact included in Table A4-1 live loads) 8-0" 8" #5 @ 77 #5 @ 8

Q1 ” # '’ 3

Surface wear: ¥>” allowance for surface wear subtracted 8, 3” 8 - 5@ 17 - *508

from positive moment “d" &-6 8” 506 #5 @ 8”

8-9” 8” #5 @ 6" #5 @ 8"

Steel Girders: Top flange width not less than 24”.Project 9'-0" 8Y4" #5 @ 65" #5 @ 8”

specific design is required when top flange 9-3~ 844 #5 @ 65" #5 @ §”

is less than 24”. 9—6" 8" #5 @ 6" #5 @ 8"

_qu 1/ 00 # ” # 0

Concrete Box Girders: Girder stem width not less than 12”. g ; 9 " 842 ~ #5 e 6,, #5 u 8”

For girder stem greater than or equal 10'-0 8% 5 @6 RG]

to 16, use Deck Design Chart for 10"-3 8%" #5 @ 6” #5 @ 8"

Precast P/S Concrete Members 10°-6" 8%" #5 @ 5Y” #5 @ §”

10-9” 9” #5 @ 55" #5 @ 8~

11'-0” 9~ #5 @ 5” #5 @ 7

/\_/OLQ; . . 11'-3" 9” #5 @ 5” #5 @ 77

Additional reinforcement {o ac:co.modafe r(.J/I 11-6" 91/4,, #5 @ 57 #5 @ 7

loads at deck overhangs is not included in 11-9" 5y #5 @ 57 #5 @ 77

these details. The designer is responsible for — 14,, #5 @ 5~ P "

design of overhangs. 12-0 9% @ 5e7

12'-3" 9" #6 @ 6Yp" #5 @ 7

12'-6" 9% #6 @ 65" #5 @ 7

Note 12'-9” 9%" #6 @ 6% #5 @ 7

. PP " #, 1o # Z

”“S” Is measured parallel to the transverse bars. Bar spacing 13 - 0” ! 0” #6 @ 61/2 ~ 5@ 7”

is measured perpendicular to the bars. 13-3 10 6 @ 6% #5507

13'-6" 10Y4" #6 @ 6%" #5 @ 7

Place bottom mat bars directly below and in line with a 13-9” 104" #6 @ 615" #5 @ 7

top mat bar. At expansion and construction joints, however, 14-0" 10Y," # @ 6" #5 @ 77
it is not neccessary for all bottom mat bars to be directly — l" ”

below a top mat bar. 14-3 10% #6 @ 6” #5 @ 7"

14'-6" 10Y” #6 @ 6” #5 @ 7

* For coastal locations, specify 2” clear top and bottom. 14'-9” 101" #6 @ 6” #5 @ 7

See also Section 1.1.25.3 for additional corrosion 150" 10%" # @ 6” #5 @ 7"
protection recommendations. il

Figure 1.1.20.1A
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1.1.20.1 Design and Detailing - (continued)

CONCRETE DECK REINFORCEMENT (LRFD DESIGN) with LONGITUDINAL BARS ON TOP

T

Longitudinal

-

R

bars Transverse bars
>
# A e
|
|

Standard Precast Prestressed Concrete members - Simple Spans

*2lo cl. to
longitudinal bars

L'*l’/z” cl. to

transverse bars

Assumptions
Specifications: AASHTO (Section 4.6.2.1)

Concrete Class: HPC 4000

Reinforcement: Grade 60

Top Mat Orientation: Longitudinal bars on top

Dead Load: 150 pcf + 50 psf future wearing surface
Deck DL moments: Negative -0.10wS°2  Positive +0.08wS°2

Live Load: Table A4-1 using 8” from § of girder to the
negative moment design section

Design Moment: 1.25%DL + 1.5%DW +1.75*LL
(Impact included in Table A4-1 live loads

Surface wear: !»" allowance for surface
wear subtracted from positive moment “d”

Note:

Additional reinforcement to accomodate rail
loads at deck overhangs is not included in
these details. The designer is responsible for
design of overhangs.

Note:
“S” is measured parallel to the fransverse bars. Bar spacing
/s measured perpendicular to the bars.

Place bottom mat bars directly below and in line with a
fop mat bar. At expansion and construction joints, however,
it is not neccessary for all bottom mat bars to be directly
below a top mat bar.

* For coastal locations, specify 2" clear top and bottom.
See also Section 1.1.25.3 for additional corrosion
protection recommendations.

‘ max.
| .
[ 1 } ]
P = ==
— \
= =
gun-7" TN
| vs |
—

Precast Prestressed Concrete Members

Girder Spacing | Deck Thickness | Transverse Bars | Longitudinal Bars
5-0" 8” #4 @ 6l #4 @ 8
5-3” 8” #4 @ 6l #4 @ 8”
5'-6" 8” #4 @ 6l #4 @ 8
5-9" 8 *4 @ 6Yp" #4 @ 8"
6'-0” 8” #4 @ 6" #4 @ 8"
6'-3" 8” #4 @ 6” #4 @ 8"
6-6" 8" #4 @ 6” #4 @ 8"
6-9” 8” #4 @ 6” #4 @ 8"
7'-0" 8” #4 @ 5" #4 @ 8
7-3" 8" #4 @ 5" #4 @ 8"
76" 8” #4 @ 5" #4 @ 8”
7-9” 8" #4 @ 5" #4 @ 8”
8-0" 8" #5 @ 71" #5 @ 8”
§-3" 8 *5 @ 7 #5 @ §”
8'-6" 8" #5 @ 7” #5 @ 8~
8-9” 8" #5 @ 65" #5 @ 8”
9-0" 8% #5 @ 65" #5 @ 8"
9-3" 84" #5 @ 6" #5 @ 8"
9-6" 8o #5 @ 61" #5 @ 8"
9-9~ 8Y5" #5 @ 6/ #5 @ 8”
10"-0" 8% #5 @ 6" #5 @ 8~
10°-3" 8%" #5 @ 6% #*5 @ 8~
10-6" 8%~ #5 @ 6” #5 @ 8~
10-9” 9” #5 @ 6” #5 @ 8”
11'-0” 9” #5 @ 5 #5 @ 8”
11°-3" 9” #5 @ 5o #5 @ 8"
11-6” 9y #5 @ 5/ #5 @ 8”
11'-9 Wy #5 @ 5” #5 @ 7”
12'-0” 9o #5 @ 5” #5 @ 77

Figure 1.1.20.1B
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1.1.20.1 Design and Detailing - (continued)

CONCRETE DECK REINFORCEMENT (LRFD DESIGN) with TRANSVERSE BARS ON TOP
Steel Girders & Cast-in-Place Concrete box Girders - Simple Spans

Longitudinal bars Transverse bars *2l5" ¢l to
7\ A transverse bars

:
¥
\
|

* 15" cl. to
transverse bars

Concrete beam

Assumptions
Specifications: AASHTO (Section 4.6.2.1)

Steel Girders & CIP Concrete Box Girders

Concrete Class: HPC 4000 Girder Spacing | Deck Thickness | Transverse Bars | Longitudinal Bars
e " 1/ "
Reinforcement: Grade 60 5-0 8 *4.0 6/ *4 @8
53" 8" #4 @ 61/2” #4 @ 8"
Top Mat Orientation: Transverse bars on top 5'-6" 8" #4 @ 6Yp” #4 @ 8"
5/-9” 8" #4 @ 61/2” #4 @ 8”
Dead Load: 150 pcf + 50 psf future wearing surface 6'-0" 8" #4 @ 6” #4 @ §”
Deck DL moments: Negative ~0.10wS°2 -3 5 oo res
Cl nts: ative —0.10w. PP ” #, 7 * "
Positive +0.08wS°2 66 5 106 1038
6-9” 8" #4 @ 6” #4 @ 8"
Live Load: Table A4-1 using 6” from € of girder 7-0" 8” #4 @ 5" #4 @ 8”
to the negative moment design section 7-3” 8” #4 @ 5Yp” #4 @ 87
7-6" 8” #4 @ 57/2" #4 @ 8
Design Moment: 1.25*DL' + ].S*PW +1.75%L L . 7-9” 8" #4 @ 55" #4 @ 8”
(Impact included in Table A4-1 live loads) 8-0" g~ #5 @ 7" #5 @ 8~
iz » # 1ot "
Surface wear: ¥»” allowance for surface wear subtracted 8, 3” 8 #5 e 71/2 — *5038
from positive moment “d” 8-6 8 5@ 7% #5 @ 8”
8'-9” 8 #5 @ 77 #5 @ 8~
Steel Girders: Top flange width not less than 24”.Project 9'-0” 8Yy" #5 @ 77 #5 @ 8§~
§pecific design :s required when top flange 9-3" 84" #5 @ 77 #5 @ 8"
is less than 24", 96" 8" #5 @ 77 #5 @ 8"
_Qr 1/ # o # ”
Concrete Box Girders: Girder stem width not less than 12" 9 - J - 852 - #5 e 7” #5 e 8”
For girder stem greater than or equal 10-0 8% 5@7 508
to 16, use Deck Design Chart for 10°-3” 8% #5 @ 6 #5 @ 8”
Precast P/S Concrete Members 10°-6" 8% #5 @ 64" #5 @ 8"
10°-9" 9" #5 @ 6% #5 @ 8”
11'-0" 9” #5 @ 6 #5 @ 8~
Hote: 11-3" 9" #5 @ 5" #5 @ 8”
Additional reinforcement to accomodate rail g 1/ 1o #* ”
11-6 9 #5 @ 5 5@ 8
loads at deck overhangs is not included in o ,/4 » ,/2 * o
" A . . 11°-9 Y #5 @ 5% 5@ 8
these details. The designer is responsible for T 1 y 1 y "
design of overhangs. 12'-0 9> 5@ 5% 5@ 8
12'-3" 9" #5 @ 55" #5 @ 8”
12-6" 93/4,, #5 @ 51/211 #5 @ 8"
Note 12-9” 9% #5 @ 5” #5 @ 8"
Noies e ’ # " # .
”S" is measured parallel to the transverse bars. Bar spacing 1 3/ 0” 1 O" 5@ 5” e 8”
is measured perpendicular to the bars. 133 10 #5 @5 #*5 @ 8
13'-6" 10%" #5 @ 5” #5 @ 8”
,:’Iac; bfogfg;n An;af bars fjirecflc;jf belov; a’;{j in./::n? whifh a 13'-9” 10, #5 @ 5” #5 @ 8~
op ma . At expansion and construction joints, however, VP 1 " * 7
it is not neccessary for all bottom mat bars 1o be directly 14-0 ! 01/2 . *5@5 508
below a top mat bar. 14-3~ 10% #5 @ 5” #5 @ 8”
14-6" 10%" #5 @ 5” #5 @ 8"
* For coastal locations, specify 2" clear top and bottom. 14-9 10%" #5 @ 5” #5 @ 8"
See also Section 1.1.25.3 for additional corrosion 15-0" 11" #5 @ 5” #5 @ 8-

protection recommendations.

Figure 1.1.20.1C
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1.1.20.1 Design and Detailing - (continued)

CONCRETE DECK REINFORCEMENT (LRFD DESIGN) with TRANSVERSE BARS ON TOP

"

"

Standard Precast Prestressed Concrete members - Simple Spans

L ong:fudma/
»\]\\ r.s\ /Tranwerse bars

«217 cl. o
transverse bars

Y

T
I
|
\

g

4

max.

H

|
|
N
I
I
|
|
I

L»1’/2" cl. fo

transverse bars

Assumptions
Specifications: AASHTQ (Section 4.6.2.1)

Concrete Class: HPC 4000

Reinforcement: Grade 60

Top Mat Orientation: Transverse bars on top

Dead Load: 150 pcf + 50 psf future wearing surface
Deck DL moments: Negative -0.10wS°2  Positive +0.08wS°2

Live Load: Table A4-1 using 8" from € of girder to the
negative moment design section

Design Moment: 1.25%DL + 1.5%DW +1.75%LL
(Impact included in Table A4-1 live loads

Surface wear: Y5" allowance for surface
wear subtracted from positive moment “d”

Note:

Additional reinforcement to accomodate rail
loads at deck overhangs is not included in
these details. The designer is responsible for
design of overhangs.

Note:
“S” is measured parallel to the transverse bars. Bar spacing
is measured perpendicular to the bars.

Place bottom mat bars directly below and in line with a
top mat bar. At expansion and construction joints, however,
it is not neccessary for all bottom mat bars to be directly
below a top mat bar.

* For coastal locations, specify 2“ clear top and bottom.
See also Section 1.1.25.3 for additional corrosion
protection recommendations.

Precast Prestressed Concrete Members

Girder Spacing | Deck Thickness | Transverse Bars | Longitudinal Bars
5-0" 8” #4 @ 6% #4 @ 8
5-3" 8” #4 @ 6% #4 @ 8"
5-6" 8” #4 @ 6% #4 @ 8"
5'-9” 8” #4 @ 64" #4 @ 8"
6-0" 8” #4 @ 6” #4 @ 8"
6-3" 8” #4 @ 6” #4 @ 8"
6-6" 8” #4 @ 6" #4 @ 8"
6-9" 8" #4 @ 67 #4 @ 8”
7'-0" 8~ #4 @ 5/p" #4 @ 8"
7'-3" 8” #4 @ 505" #4 @ 8~
7-6" 8” #4 @ 505" #4 @ 8"
7-9" 8" #4 @ 57 #4 @ 7"
8'-0" 8~ #5 @ 8~ #5 @ 8~
8-3" 8" *5 @ 7" #5 @ 8"
86" 8” #5 @ 7/p” #5 @ §”
8-9” 8” #5 @ 7” #5 @ 8"
9'-0” 8Yy” #5 @ 77 #5 @ 8"
9-3~ 8" #5 @ 7 *5 @ 8"
9-6" 8l #5 @ 77 #5 @ 8~
9-9” 8l #5 @ 77 #5 @ §”
10"-0” 8Ys" #5 @ 77 #5 @ 8~
10"-3" 8 #5 @ 6" #5 @ 8
106" 8%" #5 @ 6" #5 @ 8"
10"-9” 8% #5 @ 6p" #5 @ 8"
11°-0” 9” #5 @ 6" #5 @ §”
11'-3~ 9” #5 @ 6” #5 @ §”
11-6" /% #5 @ 6 #5 @ 8"
11°-9” 9y #5 @ 6” #5 @ 8
12-0" 95 #5 @ 6” #5 @ 8

Figure 1.1.20.1D
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1.1.20.1 Design and Detailing - (continued)

Submit a design deviation request to the State Bridge Engineer for any concrete bridge deck designs not
meeting any one of the minimum requirements above. With the request, include the following:

Design loading assumptions (dead, live and future wearing surface)

Documentation of which minimum requirements were met and which were exceeded

Orientation of the top mat (longitudinal on top or transverse on top)

Deck thickness

Maximum service stress in the top of the deck due to positive moment in the deck (between
girders)

e Maximum service stress in the bottom of the deck due to negative moment in the deck (over a
girder)

Use cast-in-place HPC concrete for all decks. Full-depth precast deck panels may be considered on a
case by case basis. An exception letter from the State Bridge Engineer will be required before full-depth
precast deck panels can be used. Partial-depth precast deck panels will not be permitted.

Detailing

Wearing surface on cast-in-place concrete decks - Normally, structures with cast-in-place decks will not
have an AC wearing surface.

However, Region may be concerned with icing conditions on a short concrete bridge deck section and
request ACWS on the deck. If an ACWS is used, a waterproofing membrane is normally required. If a
Class "F" mix (free draining) is used, special attention needs to be given to drainage details at joints and
deck drains to prevent trapping water adjacent to these areas.

For typical deck steel placed in two mats, place bottom mat bars such that each bottom mat bar is directly
below and in line with a top mat bar. At deck expansion joints and at deck construction joints, however, it
is not necessary for all bottom bars to be directly below a top bar.

Inlaid Durable Striping on Bridge Decks — Concrete deck surface removal of up to 1/4" is acceptable for
placing longitudinal inlaid striping on new bridges. Placement of such striping will likely reduce wear at
stripe locations. In nearly all cases, the majority of wear for concrete bridge decks occurs within the
travel lane. Therefore, 1/4" maximum removal should not significantly impact bridge load capacity.

Allow concrete removal using a diamond grinder according to 00503 in the standard specifications. Note
that 00503 also permits removal by micro-milling and by hydroblasting. However, only diamond grinding
should be allowed for striping applications. Note that 00850 in the standard specifications also requires
diamond grinding equipment for installation of inlaid/grooved pavement markings.

Do not allow inlaid striping on concrete decks where the striping would be placed in the transverse
direction. Concrete removal for such striping would reduce the load capacity of the bridge.

Do not allow rumble strips on concrete bridge decks.

For existing concrete bridge decks, allow inlaid striping only in the longitudinal direction and in locations
where there is no significant rutting or other deck wear.

Allow raised pavement markers on concrete bridge decks only when they can be installed without
removal of any deck concrete (no grooving).
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1.1.20.1 Design and Detailing - (continued)

For bridges with an asphalt concrete wearing surface, grooving up to 5/8” depth for striping (longitudinal
or transverse) or rumble strips is acceptable. Do not use the need for striping or rumble strips as a basis
to place an asphalt concrete wearing surface over a concrete bridge deck.

Vibrations

Vibrations from adjacent traffic and/or construction activity are not likely to cause cracking in freshly placed
deck concrete. One ODOT project recorded vibrations up to 0.6 in/sec during a second stage deck
placement with only minor deck cracking near the closure area. Typical deck closure placements may have
even higher vibrations. Again, no detrimental affects have been documented on any deck closure
placement.

The following is a very rough guide to vibration levels:

e 0.08in/sec vibrations perceptible

e 0.1in/sec continuous vibrations may begin to annoy people

e 0.2in/sec short-term vibrations may begin to annoy people

e 04t00.6in/sec typical max. short-term vibration, concrete bridge < 100 ft span
e 0.6to1.0in/sec typical max. short-term vibration, concrete bridge > 100 ft span

Although damage to concrete due to vibrations is rare, unnecessary vibrations should still be avoided where
reasonable measures can be taken. For staged construction, providing deck closure segments is preferred
to minimize both vibrations and the affects of adding additional deck dead load, creep and shrinkage to the
first stage.

Providing either a joint or closure segment between substructure (cap) stages will also reduce potential for
traffic vibrations to be transmitted through those elements.

Where there is a concern that vibrations may be excessive, the following practices can be considered as
mitigation:

e Low-slump concrete — Although concrete damage due to vibrations is rare, use of low-slump
concrete (greater than 4”) will minimize the risk. ODOT’s HPC deck concrete mix is generally a
low-slump mix that meets this requirement. Therefore, no change to the standard HPC deck
concrete mix should be necessary.

e Reinforcing details — Do not use hooked bars in closure segments. Ensure lap splices are in
contact and well-tied as much as possible. Where lap splices cannot be in contact, use two rows
of longitudinal bars tied to both lap splice segments to create a rebar mat that cannot be easily
moved.

¢ Retarder admixture — Varying amounts of set retarder admixture can be used such that the entire
deck will set up at about the same time. The Structure Quality Engineer from the ODOT
Construction Section can assist in determining when this admixture is needed and how to apply it.

¢ Reduce vehicle speed — Where vibration is due to adjacent traffic, reducing vehicle speed will
generally reduce the amount of vibrations. However, vehicle speeds will generally need to be
reduced down to around 15 mph before a significant reduction in vibrations can be obtained.
Therefore, this measure should only be considered in extreme circumstances. Where possible,
moving traffic laterally from an adjacent deck placement will likely be more effective than reducing
vehicle speed.
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1.1.20.2 Deck Expansion Joint Seals

Consider integral abutment or semi-integral abutment wherever criteria in section 1.1.8.4 are met. For short
span bridges with pin end bent connection use preformed expansion joint filler. These joints are the least
expensive joint and easy to repair. Design expansion joint seals to provide for the effects of temperature,
shrinkage and creep.

Skew Angle — Use skew angle +5° different from snow plow angle for all joints except asphaltic plug
joints. Normally the angle of attack of snowplows is skewed 30 degrees to the roadway alignment.
Snowplow blades can fall into the joint where the skew angle of the joint matches the snowplow’s angle,
resulting in danger to the snowplow driver or traffic. Consider the effect of skew angles on future
widening of the structure.

(1) General Information and Definitions

Armored Joint - Steel armoring to protect the vertical edges of a joint opening. The armor may be steel
shapes.

Asphaltic Plug Joint Systems - A closed expansion and contraction joint system composed of
aggregate and flexible binder material placed over a steel bridging plate.

Closed Expansion Joint - A joint in which a seal material is placed to prevent water or debris from
entering the joint. This includes poured joint seals, compression joint seals, asphaltic plug joint systems,
preformed strip seals, and modular bridge joint systems.

Filled Joint - A joint using a preformed joint filler, hot poured joint filler, traffic loop sealant, or a
combination of these materials.

Hot Poured Joint Filler - A filled joint filled with a hot-poured asphaltic material.

Modular Bridge Joint Systems (MBJS) - A closed expansion and contraction joint using a series of
continuous preformed strip seals inserted into steel shapes to seal the joint.

Poured Joint Seal - A closed expansion and contraction joint sealed with a rapid-cure poured joint
sealant (2 part silicone).

Preformed Compression Joint Seal - A closed expansion and contraction joint sealed with a continuous
preformed elastomeric compression gland.

Preformed Joint Filler - A filled joint using a preformed material placed prior to the concrete pour.

Preformed Joint Seal - A closed expansion joint using preformed strip seal systems, preformed
compression joint seals, or modular expansion joint systems as specified.

Preformed Strip Seal System - A closed expansion and contraction joint using a continuous preformed
elastomeric gland (strip seal) inserted into an extruded or formed steel retainer bar with steel anchors.

Traffic Loop Sealant - A filled joint between the bridge and bridge end panel connection where asphalt
surfacing is used.
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1.1.20.2 Deck Expansion Joint Seals — (continued)

Use preformed single strip seals to seal deck joints with up to 4” range of movement (1-1/2” minimum
installation width). For joints of greater anticipated movement, use a modular bridge joint system. It is
not recommended to use a modular bridge joint system solely to provide for possible seismic movements.

Preformed compression seals may be specified for joints with a design movement of up to 1-3/4”.
Asphaltic plug joint seals may be specified where following conditions are satisfied:

e Maximum range of design movement up to 17%” (total).
e Maximum bridge skew less than 45°.
e Maximum lateral movement at joint /4"
¢ Maximum vertical movement at joint (uplift) ¥4”.
Asphaltic Plug joints do not perform well under following conditions:
o Where the approaches are asphalt concrete.
e Close to stop light or where traffic are accelerating or decelerating because of the special
geometry or before stop light.
e Bridge with a curved horizontal alignment.

e Longitudinal joint between two structures. Skid resistance of this joint diminishes with time and it
may become a hazard to motorcyclist and bicyclists.

See Standard Drawings BR140, BR141, BR145, BR150, BR155, and BR156 for joint details.

Drawing BR145 and BR150 show the depth of metal to be 9”7, with a plate being welded to the 2” deep rail
section.

For modular joints, the bottom of the rail section must be the same depth as the bearing boxes, as noted
as “Point F” on Drawing BR150.

Check the Qualified Products List for the currently acceptable materials and joint systems.

Joint Terminology - It has been a common practice to incorrectly specify certain joint materials on Bridge
drawings. All drawings should be corrected to provide consistency with joint definitions.
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1.1.20.2 Deck Expansion Joint Seals - (continued)

(2) Expansion Joint Blockout

A blockout detail should be shown on the plans to allow the expansion joint assembly to be placed a period
of time after the final deck pour. Providing a blockout makes the adjacent deck pour easier, provides
smoother deck transition to joint, and allows the majority of the superstructure shrinkage to occur prior to

joint assembly placement.

Blockout as required
by joint assembly

Figure 1.1.20.2A
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1.1.20.2 Deck Expansion Joint Seals - (continued)

(3) Expansion Joint Setting, General

Use a minimum change of joint width due to shrinkage of 1/4”/100’ for the full length of nonpost-tensioned
concrete segments (both pretensioned and conventional).

Use a change of joint width due to creep and shrinkage of 1/2°/100° for the contributing length of
post-tensioned segments.

Use equation (a) for calculating thermal effect on steel girder superstructures and equation (b) for concrete
superstructures.

(@) R=LF*(TR+TF)

(b) R=LF*(TR+TF)+ CR + SH

Smax

Smin \ RP>R

Figure 1.1.20.2B
Where:

Smin = Minimum serviceable seal width

Smax = Maximum serviceable seal width

R Required seal range

RP Provided seal range (Smax - Smin)

CR = Creep movement CR = (ES)(CF)

SH = Shrinkage movement

TF = Temperature fall movement

TR = Temperature rise movement

ES = Elastic shortening

CF = Creep factor

LF = Load Factor from Table 3.4.1-1 and article 3.4.1 of AASHTO LRFD Design Specification.
Use the Load Factor that produces the largest movement in each load combinations.

Conv. Prestressed P/T
Concrete Concrete Concrete
CREEP: CREEP FACTOR S 1.5 1.5
Portion of
CREEP to use E— 50% 70%
SHRINKAGE: ult 0.0004 0.0004 0.0004
Portion of
SHRINKAGE to use 60% 60% 60%

Figure 1.1.20.2C
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1.1.20.2 Deck Expansion Joint Seals - (continued)
For the compression seals shown on Drawing BR140 S, and S,.x are the width of the seal under a
compressive force of 50 and 10 Ibs. per inch, respectively. In skewed joints, S, and S,,.x may be limited by

the allowable shear deformation of the seal. For the seals shown on BR140, shear deformation of the seal
should never exceed 10°.

(4) Joint Setting at Mean Temperature

In most cases, the range of serviceable seal width provided by a standard joint seal (RP) will be somewhat
larger than the range required by design (R). This excess [E = RP - R] shall be equally distributed for
expansion and contraction.

The following schematics show joint settings for the two design cases above:

(a) (b)
Smax Smax

Smin | E | TR*LF TE*LF Smin | E | _TR¥LF_| TF*LF_| (CR+SH)
o o
Joint Setting | E/2 Joint Setting | E/2

Figure 1.1.20.2D

Use the following form to call out joint settings on the plans:

%oim‘ sefting = 2A + B

Joint setting _ B
L’L
A

f——
A

EE

End Panel

Figure 1.1.20.2E

Decrease Joint setting ____inches for every 10°F of structure temperature  above _OF.

Increase joint setting ____inches for every 10°F of structure temperature  below _OF.

Expansion joints are normally set after tensioning is complete, so elastic shortening is not included in the
joint setting width.
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1.1.20.2 Deck Expansion Joint Seals - (continued)

At those locations on the structure where an electrical conduit crosses an expansion joint, show a detail
similar to the following on the plans:

Install ar
mid—movement / /

Joint Bushing
Packing

FLECTRICAL CONDUI T
EXPANSION JOINT

Figure 1.1.20.2F

1.1.20.3 Deck Drainage

Some form of drainage system is normally needed, on or off of structures that have curbs or concrete
parapet rails. The Roadway Plans drainage details should be carefully reviewed. If drains are required, the
Hydraulics Unit will do the design and determine the size and spacing. Bridge length, deck grades, cross
slope, typical section, and deck surface type will be needed to determine the deck drain layout.

The designer must also verify that the gutter profiles do not result in "birdbaths" or unsightly dips in the rail.
If there is a question, plot the gutter grade.

Deck drains and drain pipes become easily clogged and are a continual maintenance problem. High
pressure hoses used for cleaning cannot make 90 degree turns. For 90 degree pipe connections, use 2-45
degree connections or a 4’ minimum radius sweeping 90 degree connection. Add clean-out ports or junction
boxes at every 90 degree connection. Clean-outs should be at a 45 degree angle to the main line.

Whenever possible, drainage preferably should be carried off of the structure and caught in inlets. Upslope
drainage should also be caught by inlets before crossing the structure.
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1.1.20.3 Deck Drainage - (continued)

Deck drainage not carried to the ends of the structure to inlets is removed by deck drain and pipes
discharging directly on the area below or carrying it through deck drains and pipes to a surface collection or
dispersal system.

If deck drains are necessary, place them upslope from expansion joints to keep as much drainage as
possible out of the joints.

Special environmental considerations may be required on some projects. Direct discharge should not be
used on bridges spanning designated water quality limited streams, other streams with severe non-point
source pollution problems, or streams with populations of listed, proposed or candidate threatened and
endangered species of fish or other aquatic life. Water quality requirements take precedence over hydraulic
requirements.

Generally retrofitting existing structures to a non-direct discharge is not necessary. Structure widening
normally can use the same type of drainage system as the existing structure. Normally, drainage retrofitting
needs to be addressed only when the project involves a major rehabilitation of the structure.

If direct discharge is on water crossings and/or land crossings, make sure the drainage does not cause
erosion or would be hazardous to the public. To prevent exposure of the superstructure to the drainage, it
should be carried by drain pipes to 3” below the bottom of the superstructure.

Structure drain pipe shall be galvanized steel. Present seismic design requirements for concrete
containment within columns precludes placement of drain pipes within columns.

| —

Provide cleanout at each elbow. Use
elbows of 45° or less to minimize
potential plugging and to make

cleaning easier.

|___——Typically 8" dia.galvanized steel pipe

Figure 1.1.20.3A
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Deck Drainage - (continued)

in deck

]'_Ou Q. %
(3) sides €8 g Drill flange for
Nl T % dia. bolt (2 pics.)
g i 2-%" dia. bolts (A307) (galv.)
RS 14 1" R

2-34" dia. bolts (A307) (galv.)
Yy x 2" steel bar (A36)

< . Kvig ©
See Detail -A NY& N
= = w/ %g” slotted holes

~
: e Ya" x 2" steel at each bolt locgtion
] bar (A36)w/ Tg” (4-plcs.) galv. af ter fab.
1"-0” dia. holes (2-plcs.) Structural drain pipe
galv. after fab. DETAIL-A

DECK DRAIN DETAIL

o . Py
ﬁ_%/'/?" recess in deck 27| 2 f
11 ‘-. B oL T - T }

dia. holes (2-plcs.)

; I” R
L J_F 2-% dia. bolts (A307)(galv.)
Q| 3
) N SRS Yy x 2" steel bar (A36)
See Detail —B\ %\'j Yy x 27 stesl- Wr/ %g';.ﬂfiredrhwes
o= ‘ : ” at eac ocation
, o bar (A36) w/ 71 (4-pics.) galv. af ter fab.

Y galv. after fab. pETAIL -B Structural drain pipe

DECK DRAIN DETAIL

Yo" recess in deck

\/
—
=

DECK DRAIN DETAIL

Figure 1.1.20.3B
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Deck Drainage - (continued)

1.1.20.3

*SWq *ASUDJ] USIMIBq *SIO *XDW ,,0-,9 D
pUD WD 8SJ8ASUDJ] YID3 JO 8PIS YIDa
.0-,§ ‘1Ipjop Jad susbupy adid apin0id

NOILVA3TS

¢ 19A03 pappaIyl/m
IN0—UD3Jd ,, 8PIN0Id

(SONNDIDAH yiim Aj119/)
adid uibJp U0 8dols ‘Ui %80

NV1d 1vILldvd

v ,9-,1 Ino

gnis puD UWNI0O UMOp pUdiXT

Wpaqssoto buijesw odid 81048 F gm\,oou
D8pDaIYl/M [NO-UDSJO ,,8 dPIN0Id

(*AIDB) 8did uIDip [DINIONLS DIP :mN/

“““ IR ;LN\ A
N I | I Y /Xl r
| | , o 45 I I |

I —w I - - I
Yoo 0-ug —| | g o Lol
it i i et ,HUM,HHHHHHHHHHHHHHHH\L\,HHHHHHHHHHHHHHHM:HHHL\ I et
! , i
Mol ] e
@)
kam @\ §OI~% tolxmw §Q|~m /ktmm @

Figure 1.1.20.3C
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1.1.20.4 Deck Screeding
General
Consider deck constructability issues when specifying deck screeding requirements.

If the deck width or skewed dimension causes the length of the screed equipment to be excessive (more
than 100’), the deck may need to be placed in stages with or without a closure pour. If staging is shown on
the plans, a longitudinal joint should be along a longitudinal beam line and should not fall in a wheel line. The
beam layout should take this into consideration.

Also on skewed decks, a sharp vertical curve on the structure may cause problems with screeding on the
skew. It may be necessary to perform some unique sequencing, such as preloading the deck with plastic
concrete far enough ahead of the screed machine to preload the beams to get unison deflections and allow
the screed to run normal to the beams.

Consider whether the finishing machine can follow the actual slope of the roadway in one placement. Deck
screeds can accommodate a crown section in one placement, full width, if the superelevation remains
constant. If the superelevation rates vary, the deck will normally need to be placed in separate placements.
As noted previously, it is best to have a longitudinal joint along a longitudinal beam and beam layout should
take this into consideration.

If a structure has different skews at adjacent bents, the skew of the screed equipment should be based on
the average of the bent skews.

If a structure is curved with radial bents, the screed equipment and deck placement should remain normal to
the roadway centerline. In this case, the screed equipment must be equipped with variable speed capacity
at both ends.

Designers should perform enough geometric calculations to determine the best method or direction of deck
screeding. When necessary, place the required sequencing and/or direction of screeding, skewed or normal,
on the detail plans.

Beams not Supported by Falsework

The main concern of this type of placement is that the beams deflect equally in unison, so deck thickness
and clearances end up as shown on the plans. To deflect equally the beams need to be loaded equally. If
the structure has a skew, the screed should run on a skew, parallel to the bents.

Add a note to the plans specifying that the screed equipment shall run parallel to the bents.

Falsework Supported Beams

There is less concern regarding how the concrete is placed for falsework supported beams. There will still
be a small amount of falsework crush due to the added dead load of the deck. Ideally it would be best to
place and screed skewed decks on the skew, but practically it is not required.
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1.1.20.5 Deck Overlays

(1) Introduction - The purpose of an overlay on a bridge deck can be to:
e restore the structural integrity of the deck.
e improve or restore ride ability.
e improve skid resistance.
e improve deck drainage.
e improve deck cross section.
e seal deck cracking.
There are 5 overlay systems offered for use on bridge decks:

Silica Fume Concrete (SFC)

Latex Modified Concrete (LMC)

Thin Polymer Concrete (TPC)

Polyester Polymer Concrete (PPC)
Asphalt Concrete wearing surface (ACWS)

SFC is the most common. Silica Fume Concrete is often referred to as Microsilica Concrete (MC). Latex
Modified Concrete is also available, but has not been used in Oregon for many years. Flexible Polymer
Concrete is used in special situations where structural integrity is not an issue. Polyester Polymer Concrete
is used in similar situations as Thin Polymer Concrete, but with slightly improved durability. Asphalt
Concrete wearing surface can be used with or without membrane waterproofing (site and situation
dependent). Use ACWS only on bridges with existing ACWS.

LMC and Silica Fume concrete, both Portland cement concrete (PCC) based, are considered "structural”
concrete overlays. The term "structural” is used to describe an overlay that is rigid enough and thick enough
to increase the stiffness of the deck and decrease live load deflections. This increased stiffness should not
be included in design because it is dependent upon the bond between the overlay and the deck. Both are
typically placed on a bridge deck with a minimum thickness of 1-1/2”.

The other systems, TPC & PPC overlays and ACWS, are not considered to be "structural" overlays because
they do not add to the deck stiffness. TPC overlays are typically placed on a bridge deck to a nominal
thickness of 3/8”. PPC overlays are typically placed to a nominal 3/4” thickness. An ACWS is too flexible to
add to the deck stiffness and is typically placed on a bridge deck with a minimum thickness of 1-1/2”.

(2) Latex Modified and Silica Fume Concrete

LMC is a concrete mix with a latex emulsion admixture. The latex emulsion has a milky color and texture
and is added during batching. Batching is done in mobile mixers at the job site.

The use of LMC offers many construction advantages. Since the material is batched in a mobile mixer, the
pour schedule does not depend upon the concrete plant schedule. Also, the pour is not influenced by the
projects distance from the concrete plant. LMC was a common type of structural overlay in the past.
Equipment may be available, but verify with local contractors before specifying LMC.

LMC overlay technology has been used since 1958, and the design life of the material can be predicted from
historical data.
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(2) Latex Modified and Silica Fume Concrete - (continued)

LMC does have some disadvantages, however. Placement of the LMC overlay is very labor intensive,
increasing construction costs. The rate of construction for an LMC overlay is about 6400 ft* to 7400 ft* per
8-hour work shift. LMC is also very sensitive to atmospheric conditions which often control not only the pour
schedule but the contract time as well. The Designer should review Special Provisions Section 00559 for
pouring limitations. Surface preparation and curing are the most critical factors to achieving a good quality
end product and are often the most neglected. Cure time for an LMC pour, prior to restoring traffic, is 96
hours.

SFC is a concrete mix with a silica fume admixture. Batching is normally done at a batch plant. The use of
SFC depends on the location of the project and the ability and experience of local suppliers. SFC placement
is accomplished with more conventional construction methods than a LMC overlay. The Designer should
review Special Provisions Section 00559 for SFC and LMC requirements and restrictions. For the
remainder of Section 1.1.20.5, references to a “SC” overlay (structural concrete overlay) apply to both LMC
and SFC overlays.

(3) Polymer Concrete Overlays — General

Polymer is a very general term used to classify a wide variety of compounds that chemically combine in a
reaction (polymerization). Polymer Concrete (PC) is a composite material in which coarse aggregate is
bound together with the polymer compound. Latex is also a polymer, but is an admixture to Portland cement
concrete.

Polymer Concrete (PC) can be placed as an overlay in generally two different ways — as a Thin Polymer
Overlay (also known as broom and seed) or as premixed.

Thin polymer concrete overlays are constructed to a 3/8” nominal thickness using any of the commonly
available polymer resins. Each resin has its own advantages and disadvantages and should be used in
accordance with manufacturer’s recommendations.

The most common polymer used for Thin Polymer Overlays is epoxy.

Polymer compounds are formulated in hundreds of different combinations, depending upon the properties
desired. Some categories of polymers in use as bridge deck overlays or patching material include:

o Polyester

e Methyl Methacrylate

e High molecular weight Methacrylate

e Epoxy

e Urethane
Designers should refer to either the Conditional Products List or the Qualified Products List for PC overlay
products that are being evaluated for approval or have been approved for use. Premixed Polymer Concrete

is currently not listed on the QPL and should be specified accordingly. Special Provision 00557 covers the
use of premixed polyester.
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(3) Polymer Concrete Overlays — General (continued)

The use of PC offers many construction advantages. Flexibility reduces the potential for cracking due to
thermal or design load movement. Also, Polymer Concrete overlays are very light as compared to SC
overlays which have a typical thickness of 1-1/2”. This reduction in dead load can be significant on load
posted bridges or movable bridges. The construction of a PC overlay is very quick (7200 to 8400 square
feet per 8 hour work shift), and the cure time is very short (2 to 4 hours, typically). The short construction
time provides a great advantage in time critical urban areas. The bond strength of a PC overlay is typically
double that of an SC overlay.

As with SC overlays, the PC overlay has some disadvantages. The deck surface must be dry prior to
placement. This provision could influence construction schedules. Also, since TPC overlays are
thin, buildup for filling wheel ruts or pot holes is more difficult than with SC overlays. Wheel ruts
can be filled in stages when specified using a TPC or can be filled easily in one stage when using a
premixed polymer overlay. Like SC, the curing of PC is very sensitive to atmospheric conditions.
The designer should review manufacturer’'s recommendations for pouring limitations. PC
performance may be questionable on routes where high use of chains or studded tires are known to
occur.

The most common polymer used for thin polymer overlays is epoxy.

A typical thin polymer concrete overlay is constructed by first removing all dirt, debris and latents on the deck
surface. This can be accomplished with the use of a high-pressure water blast system, sand blast system or
a shot blast system. Since the deck surface must be clean and dry prior to the application of the epoxy
mixture, the industry recommends the use of the shot blasting method over the others. Shot blasting leaves
the surface dry and vacuumed.

A layer of polymer is spread onto the deck using a squeegee at a rate specified by the manufacturer. The
aggregate is then broadcast (also at a specified rate) over the surface and tamped or rolled into place. The
excess aggregate is swept off the surface. A second layer, using the same process, is applied according to
manufacturer's directions.

Premixed Polymer Polyester Concrete is a composite material formed by combining polyester resin and
mineral aggregates. Polyester PPC is rapid setting and can be placed with a screed machine. The final
product looks very similar to regular Portland cement concrete. However, Polyester PPC has a significantly
lower modulus compared to Portland cement concrete and therefore cannot be considered a “structural”
overlay. Polyester PPC overlays have been used on the interstate and appear to be performing well. Due
to the increased material thickness, Polyester PPC overlays are more expensive than other polymer
concrete systems.
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(4) Inspection Report Review - Upon receiving a project assignment, the designer should review the latest

bridge inspection report, noting the ratings for the deck, superstructure, bridge rails, deck joints and deck
drains. The designer may also need to visit the site for additional information. Corings of the deck should be
taken and tested for chloride levels and compressive strength.

(5) Warrants for Overlays - The Designer should use the following overlay criteria and engineering

judgment to determine whether an overlay is warranted.

e Bridge deck overlays are not recommended if any of the following conditions are met:

The deck condition is rated as a 7 or greater (category 3) in Item 58 of the bridge
inspection report. The deck is still in good condition.

Delaminated, patched or cracked areas are less than 1 percent of the deck area.
The deck is still in good condition.

The deck condition is rated as a 4 or less (category 1) in the bridge inspection
report. The deck deterioration has become too severe and deck replacement is
recommended.

Delaminated, patched or cracked areas are greater than 15 percent of the deck
area. The deck deterioration has become too severe and deck replacement is
recommended.

Corrosion has deteriorated the deck to an extreme level or the chloride content in
the deck is 2 Ibs/yd3 or higher. Also, both extend down to or past the top mat of
reinforcing steel. See "Corrosion Considerations" below.

o Bridge deck overlays are recommended if any of the following conditions are met:

The deck condition is rated as a 5 or 6 (category 2). See item 58 of the bridge
inspection report.

Delaminated, patched or cracked areas are greater than 5 percent but less than
15 percent of the deck area.

Delaminated, patched or cracked areas are greater than 1 percent but less than 5
percent of the deck area and the average daily traffic (ADT) is at least 3000.

Delaminated, patched or cracked areas are greater than 1 percent but less than 5
percent of the deck area and the structure carries interstate highway traffic.

Corrosion has not deteriorated the deck to an extreme level or the chloride

content in the deck is less than 2 Ibs/yd3 . Also, neither should extend down to or
past the top mat of reinforcing steel. See "Corrosion Considerations" below.
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(6) Corrosion Considerations - The designer should determine whether the structure is in a "marine
environment". A marine environment is defined as:

e alocation in direct contact with ocean water, salt water in a bay, or salt water in a river
or stream at high tide.

e alocation within %2 mile of the ocean or salt water bay where there are no barriers such
as hills and forests that prevent storm winds from carrying salt spray generated by
breaking waves.

e a location crossing salt water in a river or stream where there are no barriers such as
hills and forests that prevent storm winds from generating breaking waves.

If the structure is in a marine environment, deck rebar corrosion is visible, or the designer suspects that the
structure may be occasionally salted during winter months (against ODOT policy), the designer should
discuss the proposed overlay project with the Corrosion Engineer in the Preservation Engineering Unit.
Replacement of an existing deck may need to be considered depending upon the extent of chloride content
and rebar corrosion. If the maximum acceptable chloride level in the deck has been exceeded, deterioration
of the deck rebar will continue regardless of the presence of a new overlay.

ACWS with or without membrane waterproofing

If it is determined that an ACWS is the appropriate overlay solution, determine whether or not membrane
waterproofing should be placed on the concrete surface prior to placement of the ACWS. On NHS
projects, FHWA requires deck surface protection from top down chloride intrusion. Historically, this
protection has taken the form of membrane waterproofing.

Site specific factors affect the decision to include membrane waterproofing, provide an alternate protection
system or make a case for no protection needed. Factors such as the historical use of road salts in the
area, chloride testing of the existing deck, current and potential future route usage or proximity to salt water
spray all must be considered.

(7) Design and Construction Considerations - After determining whether a bridge deck overlay is
warranted, the Designer should consider whether a SC overlay, a PC overlay or an ACWS will be used.
Typically, one type will be better suited for the project than the other. Some factors to consider are:

e short construction time windows (typically in urban areas) favor a PC overlay or an
ACWS over a SC overlay due to speed of placement and cure time.

e dead weight critical structures favor a PC overlay over a SC overlay or an ACWS
because of their thin, lightweight nature.

e deck requiring extensive buildup due to grade corrections or wheel rutting favor a SC
overlay or an ACWS over a PC overlay due to the difficulty in building up a PC overlay.

e the construction budget. If the initial cost is a major consideration, ACWS is the least
expensive. A SC overlay is about 4 times as expensive as the ACWS. A PC overlay is
about 474 times as expensive as the ACWS. These values are general since the cost
of the various overlays will vary with the location of the project. If the long-term life
cycle cost is considered, a SC overlay may be the most economical.
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(7) Design and Construction Considerations - (continued)

e length of structure. If an overlay project contains a short structure (less than 100 feet
long) within the limits of new asphalt concrete pavement, it is more economical to place
an ACWS with or without membrane waterproofing on the bridge deck. This assumes
that other design considerations have been satisfied.

e Region/Project Manager's experience. During the TS&L design phase, check with
Region to see if they have a preference between the different types of overlays.

e SC and ACWS overlays need elastomeric concrete nosings or armored corners at the
bridge ends and joints. It may be possible to place a PC overlay and not do any work to
the joints.

The Designer should check the structure for the possibility of a bridge rail and/or bridge rail transition retrofit
or replacement, deck joint repair or replacement, the addition of reinforced concrete end panels, the addition
of protective fencing, the need for scour protection, seismic retrofit and bearing repair.

The following chart provides some guidance for selecting an overlay type based on design criteria.

DESIGN CRITERIA ACWS TPC PPC SC
Economy - Initial Cost X

- Long Term Cost X
Construction Time - Fastest X X X
Grade Correction or Buildup
Required X X X
Dead Load Limitations X X
Deck Sealer for Corrosion
Protection X X X
Proven Longevity X
Contractor Familiarity X X
Low Traffic Volumes X X
Deck Crack Sealer X

During the overlay selection process, the structure's "As Constructed" plans should be reviewed, paying

special attention to the following items:

Effect of Additional Dead Load - Typically the dead load from a 1-1/2” concrete overlay has little
effect on the capacity or operation of the structure. Exceptions to this are load posted bridges or
movable bridges, where a SC overlay's dead load may have a significant impact. A PC overlay
may be required.
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(7) Design and Construction Considerations - (continued)

Existing Bridge Rail - The existing bridge rail should be reviewed for functional adequacy and
replaced if unacceptable. The Designer should review the Bridge Design Manual Practice for
Bridge railing to determine this. The rail geometry, roadway geometry, ADT and rail accident
history should be reviewed in order to determine whether the rail should be replaced. ADT
information can be found in the Traffic Volume Tables. The accident history can be found in the
Maintenance file for the structure or through the Traffic Section. The dimension from the top of the
rail to the overlay finish grade should be checked to make sure that the minimum rail height is still
met.

Deck Joints - Deck joints should be cleaned and repaired (if necessary) prior to placing the
overlay. Review the Bridge Inspection Report or field notes for information to determine if any deck
joint work is needed. Additionally a field trip may be necessary in order to determine the best type
of joint repair or replacement. See Standard Joint Drawings for typical deck joint reconstruction
details. See special provisions 00585 for expansion joints and 00586 for concrete repair if needed.

Elastomeric concrete nosing is recommended for SC overlays, because of the high incidence of
debonding at expansion joints or at bridge ends. See special provision 00584 for specifications
developed for concrete nosing.

Deck Drains - Existing deck drains should be noted on the overlay plan view. Generally, deck
drain grates should be raised to match the new deck surface. For a PC overlay, the existing deck
drain taper is adequate.

Bridge End Panels - The need for bridge end panels can be confirmed by reviewing the current
Bridge Inspection Report and the Maintenance file records. A field trip may be necessary to
determine whether or not adding end panels to the structure is the best choice to minimize
pavement cracks and/or settlement at the bridge ends.

Bridges constructed after 1960 generally have paving ledges at the bridge ends, even though end
panels were not installed at the time of construction. For older bridges, without paving ledges, or
for bridges with paving ledges that are too small, new corbels will need to be detailed to provide
support for the proposed bridge end panels.

Traffic restrictions may require staging of the end panels or the use of Type Ill cement (high-early
strength concrete) to accelerate construction times.

The Designer should check for the presence of an existing overlay or wearing surface. If one is present,
note what material type it is. Also, the Designer should check for the presence of an existing waterproof
membrane. This information is used in estimating unit costs for Deck Preparation.

The Designer should check the latest statewide priority list for protective fence projects. If the proposed
structure (to be overlayed), is also on the protective fence list, it is more cost-effective to combine the
projects (due to temporary direction and protection of traffic and engineering costs). If a project has been
programmed for a deck overlay only, and the Designer determines that additional work items are warranted,
a letter should be sent to Region describing the extra work and the extra cost. A request to add this work to
the project should be made at this time.
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Variable SC Overlay Depths:

On SC overlay projects, where overlay depths are expected to be greater than a nominal 1-1/2”, the
following guidelines should be used:

e For a depth up to 4”: use a full depth SC overlay.

e For a depth of 5" to 6”: use either a full depth SC overlay and add temperature
reinforcing steel or place Class 4000-3/4 concrete up to the lower limit of Class 1 deck
preparation. Then use a SC overlay up to finish grade.

e For a depth greater than 6”: place Class 4000-3/4 concrete up to the lower limit of
Class 1 deck preparation, then use a SC overlay up to finish grade.

(8) Construction Scheduling - LMC requires a 4 day cure time. SFC requires a 7 day cure time. If traffic
must be returned to the newly poured overlay before the cure time is complete, either the specification of
Type Il cement (high-early strength cement) or a Polymer Concrete overlay or an ACWS may need to be
considered. Type lll cement typically reduces the traffic restoration time from 96 hours to 24 hours. LMC
with Type Il cement does require a different mix design and may have a greater potential for cracking. It
should not be used unless necessary for traffic considerations.

(9) TP & DT/Stage Construction - Temporary protection and direction of traffic (TP & DT) requirements are
important design considerations and could control project cost, project scheduling and even the type of
overlay. Urban projects or narrow roadway width structures may require very short overlay cure times that
could eliminate the use of a SC overlay entirely. The Designer should discuss traffic control issues early in
the project with both Region and the Traffic Control Designer.

When stage construction is proposed, the Designer should arrange the stage construction widths so that the
overlay can be constructed in widths between 6 and 30’ which are comfortable widths for SC overlay
finishing machines and placement of PC overlays and ACWS. The Designer should avoid placing
longitudinal construction joints in the wheel paths.

(10) Quantity Estimates - A typical SC overlay for a bridge deck consists of the following structure bid
items:

o Class 2 or 3 deck preparation (per ydz)- if needed
e  Furnish concrete overlay (per yd®)
e Construct SC Resurfacing (per yd2)

Class 1 Deck Preparation - Requires deck concrete removal to a normal depth of 1/8” according to ASTM E
165. This is called the volumetric “sand patch” test. Payment includes removal of the existing ACWS. Unit
costs typically include one pass for asphalt removal. If the structure's ACWS is too thick to be removed in
one pass (i.e. greater than 2”), the Designer should increase the unit cost for the additional passes required.
Core samples may need to be taken to determine the ACWS thickness. The Designer should indicate in
the Special Provisions whether an existing waterproof membrane is present. Waterproof membrane is more
difficult to remove and increases the unit cost of Class 1 Deck Preparation. If the existing wearing surface or
overlay on top of the deck is not asphalt, but some other material such as SC or PC, the correction should
be indicated in the Special Provisions for the project and the unit cost adjusted up or down accordingly.

1-235



Bridge Design and Drafting Manual 2004
Oregon Department of Transportation

1.1.20.5 Deck Overlays - (continued)

(10) Quantity Estimates - (continued)

Deck preparation area should be calculated from gutter to gutter and end joint to end joint dimensions. No
measurement of Class 1 preparation is require since it is paid under Construct SC Resurfacing.

Micro-cracking of the deck surface due to existing wearing surface or overlay removal with heavy impact
machines (such as a Roto-mill) is believed to cause overlay delamination problems. Currently, the Roto-mill
is only allowed to remove flexible material such as asphalt, if the thickness is 1” or greater. Hydro-demolition
or Diamond grinding is required to remove both rigid materials such as SC or Portland cement concrete and
stress transferring materials such as a thin PC overlay.

Furnish Concrete Overlay - The quantity is calculated from the Class | deck preparation quantity and a depth
of 12" greater than the specified minimum depth. This increase accounts for field quantity overruns due to
minor grade corrections and irregular Class 1 deck preparation. If the Class 2 deck preparation has been
identified, add that quantity into the "Furnish Concrete Overlay" total.

Construct SC Resurfacing - This quantity is typically the same as the Class 1 deck preparation quantity and
includes Class 1 deck preparation.

A typical PC overlay for a bridge deck consists of the following structure bid items or bid items similar to
these. Check with the specifications writer for the most current item names and units:

e Deck Preparation (per yd2)

e Furnish PC concrete overlay (per yd®)

e Construct PC concrete overlay (per ydz)
Deck Preparation - PC overlays do not require Class 1 deck preparation (as defined for a SC overlay), but
do require an asphalt-free deck prior to cleaning and PC construction. An asphalt-free deck can be
achieved through methods prescribed in the special provisions. Deck cleaning will typically be done either

by high pressure water blasting, sand blasting or shot blasting. Full compensation for providing an
asphalt-free deck and deck cleaning is paid for under this bid item.

Furnish PC concrete overlay - This quantity is calculated from deck area (gutter to gutter and end joint to
end joint) and a depth of 1/8” greater than the specified nominal depth.

Construct PC concrete overlay - This quantity is calculated from the deck area (gutter to gutter and end joint
to end joint).

A typical ACWS for a bridge deck consists of the following bid items:
e Membrane waterproofing (per yd”if needed)

e Asphalt concrete mixture (per ton) - Roadway Engineering Section's responsibility.
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The Membrane Waterproofing bid item includes full compensation for the removal of any existing asphalt
concrete, applying the membrane waterproofing system and the asphalt tack coat. If there is an existing
membrane waterproofing system on the bridge deck, this should be noted in the projects Special Provisions
and removal paid for under this bid item. Bridge Section's design cost data for this bid item is typically for a
new bridge deck without any existing material removal required. Increase the recommended unit cost by
10-15 percent to reflect the increase for material removal.

The asphalt concrete bid item is typically the responsibility of the Roadway Designer. Communicate with the
Roadway Designer to make sure all the bid items are covered.
In addition to these bid items, the following items may also be required:

e For SC overlays - "Class 2 deck preparation" (per ydz)

e For SC overlays - "Class 3 deck preparation” (paid on an extra work basis)

e For PC overlays and ACWS - "Deck repair" (per yd®)

o Deck joints (each or linear feet)

e Deck drain construction (each)

e Bridge rail retrofit or replacement (linear feet)

e Reinforced concrete end panels (per yd?)
Class 2 Deck Preparation (SC overlays only) - Class 2 Deck Preparation is usually a result of deck
delamination with the bottom half of the deck still sound. It requires the removal of the deck concrete from
the limits of Class 1 Deck Preparation down to a maximum of one half of the deck slab thickness. The
existing rebar is to be cleaned and retained or replaced if damaged. Class 4000-3/4 concrete is poured up
to the lower limit of Class 1 Deck Preparation. Field personnel should be consulted when estimating a final

quantity. For a preliminary estimate, 10 percent of the deck area can be used as a rough quantity estimate if
some Class 2 Deck Preparation as anticipated.

Class 3 Deck Preparation (SC overlays only) - Class 3 Deck Preparation is usually required due to severe
deep delaminations, a severely cracked deck in all directions, a badly spalled bottom deck or poor
aggregates. It requires full deck removal and replacement with Class 4000-3/4 concrete up to the lower limit
of Class 1 Deck Preparation. It is performed on an extra work basis and is included in the estimate as an
anticipated item (not a bid item). Field research should indicate a high probability of Class Il Deck
Preparation before including this as an anticipated item. The designer should seek field advice when
estimating a quantity for Class 3 Deck Preparation.

Deck Repair (PC overlays and ACWS only) - This bid item is similar to the Class 2 Deck Preparation bid
item for an LMC overlay. The Deck Repair bid item includes removal of all unsound concrete to the
maximum limits of one half of the deck thickness as directed by the Engineer, disposing of the material
removed, cleaning and retaining existing rebar (including existing epoxy coating on rebar) and replacing the
void with an approved Portland cement concrete patching material. Consult the Region Bridge Inspector,
Bridge Maintenance or the Qualified Products List for recommendations on patching products.
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If the existing deck has an overlay or wearing surface, the need for partial depth deck removal may not be
apparent. If there isn't an indication of deck removal required (for a preliminary estimate) use 10 percent of
the deck area as requiring partial depth removal (down to one half the deck slab thickness). During the Final
Design Stage, contact the Region Bridge Inspector or Bridge Maintenance for guidance on the actual extent
of deck repair anticipated.

If removal of unsound concrete exceeds the limits of the Deck Repair bid item, pay for additional work on an
extra-work basis. If the Designer suspects extra work will be necessary, make an estimate of the cost and
include it as an anticipated item.

All loose or deteriorated concrete must be repaired to ensure a well bonded and crack-free overlay. If the
concrete deck has extensive cracking in which water intrusion is a concern, place a polymer crack sealer
compatible with the PC overlay prior to the PC overlay. Seal cracks that are 1/16” or wider. If the cracks are
"working" or active with live load movement, sealer will not solve the problem and a more involved analysis
will be needed. Include compensation for crack sealing under the Deck Repair bid item.

(11) Preparing Plans and Specifications - Typical bridge deck overlay plans include a plan view, location
map and general notes if needed and miscellaneous details as required. The plan view should include the
following:

e Plan view of the structure with the bridge railing.
e Bent numbers, stationing and skews (if any).

e Span lengths.

o Roadway widths.

o Detail reference notes indicating work to be done.

Detail reference notes should indicate the work required such as the construction of the overlay and may
also include:

construction of end panels.

e construction of paving ledges.

e deck drain locations raising.

e expansion joint work.

e bridge rail retrofit or replacement.

e bridge rail transition retrofit or replacement.
e protective fencing.

o stage construction (coordinate with the Traffic Control Plans Unit).
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Miscellaneous details may need to be added to clarify the work to be done in specific areas. These details
can be placed on the 