Bridge Design and Drafting Manual 2004
Oregon Department of Transportation

SECTION 1: DESIGN AND DETAILING PRACTICES

11 STRUCTURE DESIGN & DETAILING

1.1.1 Standard Specifications and Standard Drawing Manuals

For design of vehicular, pedestrian, and bicycle bridges: LRFD Bridge Design
Specifications (latest version with the latest interims) published by the
American Association of State Highway and Transportation Officials
(AASHTO). For design of Bridge foundations: AASHTO Standard
Specifications for Highway Bridges, latest version with the latest interims.

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.

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

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

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:

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

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

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.

1-1
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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”.
e Bridge Standard Drawing BR115, “Standard Slope Paving”.
e 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 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.

All designs are analyzed for 100-year floods with a safety factor of 3:1. However, structural stability
must be checked for a 500-year flood with safety factor of 1. The Hydraulics Report will give the
100-year and 500-year scour elevation.

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:

o 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 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.
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1.1.2.2 Bridge Length — (continued)

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

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.

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) 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.

e 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.

(4) 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.

e A fence to keep stock out of the stream.

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

(5) 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.
However, guardrail cannot be used if the rail face will be closer than 6 feet to the column face.

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
ariver. 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.

The following depth/span ratios are recommended in place of those recommended by AASHTO
LRFD Table 2.5.2.6.3-1:

Reinforced Concrete Superstructures:

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

Tee-Beams d= S/M19

Box Girders, constant depth d= S/21

Box Girders, with haunch=15dt0 1.75D d= S/25
d = depth of constant depth members or depth at midspan of haunched member.
S = length ¢ -c of bents of longest span of a continuous bridge.
Depth-span ratios shown for slabs and tee-beams are for constant-depth sections. Depth may be
reduced approximately 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.

Depths for simple span bridges should be about 10 percent greater.

REV 04/05
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1.1.2.3 Structure Layout: Spans and Proportions - (continued)

Post Tensioned Box Girders:

The ratio of span to midspan-depth of post-tension box girders which ODOT has used generally fall
within the following ranges:

simple span 23-26
continuous, uniform depth 26-29
cont. with 1.5 to 1.75 vert. haunch 30-35

(3) Beam Spacing - Beam spacing is normally dependent on beam capacity. Generally, beam
spacing should not exceed 9 feet. As span length increases, beam spacing should decrease. Deck
overhangs should be no more than one-half the beam spacing. Long deck overhangs, even if the
deck is post-tensioned transversely, tend to sag over time.

REV 04/05
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1.1.24 Structure Types and Economics

(1) General - Structure type is the most important factor influencing bridge costs. (Substructure
considerations are second.) For the following discussion, structure type generally means
classification 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 70 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 up to 140 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.

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.

(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.

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.)
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1.1.2.4 Structure Types and Economics - (continued)

(2) Precast Concrete Versus Cast-in-Place Concrete - (continued)

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.

1.1.2.5 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, the Hydraulics Unit makes its
recommendations for scour and riprap protection in the Hydraulics Report.

An important point to remember about scour design is that structural stability is analyzed for a 100-
year flood using 3:1 safety factor, but it must also be checked for a 500-year flood with safety factor
greater than 1:1. Chapter 3, “Designing Bridges for Scour” of FHWA'’s Evaluating Scour at Bridges
is a helpful reference available from the Hydraulics Unit.

(2) Abutments and Bents — Section 1.1.8 has useful information to guide preliminary bent and
wingwall layout.
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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, criteria for using protective screening is in Section 1.4.4.5.

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:

e |f 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.

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.

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.
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1.1.2.9 Other Things to Keep in Mind
(1) Structure Appearance and Aesthetics
Keep in mind a bridge’s appearance as well as its structural analysis.
Generally for bridges, appearance is best when elements are few and simple. Also try to:
o Keep lines straight and distinct.
e Place joints at offsets or other surface disruptions.

e Consider the effects of light and shadows, particularly on the appearance of
concrete structures.

o Keep column sizes and depth-to-span ratios proportional.

o Keep arrangement of girders, crossbeams, and columns orderly and their
proportions aesthetically appealing.

e Pay special attention to highly visible features such as large abutments or high
retaining walls.

Sometimes aesthetics and environmental considerations may conflict. Environmental or historical
restrictions may cause problems with your type of foundation or pier placement. However, if you
start the permit application process as early as possible in the design stage, the permitting agency
may soften its restrictions if given enough time to consider your point of view.

(2) Traffic Handling and Data

Consider the various methods of handling traffic:

e Is the method proposed by the field the most reasonable way to build a
project?

e Are there alternate and possibly more satisfactory solutions?
There are four basic methods of handling traffic when replacing a bridge:
¢ 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.

o 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.
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1.1.2.9 Other Things to Keep in Mind — (continued)
(2) Traffic Handling and Data — (continued)

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.

¢ Resultin construction difficulties and longer construction time.
o 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.

(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:

Bikes lanes or bike paths.
Shared roadways.
Shoulder bikeways.
Sidewalk bikeways.

To work with bikeways, you are going to need:

e Oregon Bicycle Plan.
e AASHTO Guide for the Development of Bicycle Facilities.
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1.1.2.9 Other Things to Keep in Mind — (continued)
(4) Protection of Recreational/Cultural Resources
Be alert to the effects of construction on:

o 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.

(50 Right-of-Way

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, etc.) be accommodated within these limits?

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.

Anticipate any need for additional right-of-way as early as possible because of the long lead-time
required for purchasing right-of-way.
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1.1.2.9 Other Things to Keep in Mind — (continued)
(6)  Utilities
As an early design task, determine if there are:
e 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”.

1.1.2.10 Special Considerations for Federal-Aid Projects

(1) Alternate Designs - Federal Highway Administration (FHWA) policy allows the states to
decide if alternate designs for major federally funded bridges are appropriate. If alternate
designs are appropriate, consider the following:

e Alternate designs should consider the utilization of competitive materials and
structural types.

o Each alternate design shall be prepared using the same design philosophy.
(That is, load factor design, finite element, etc.) Also the design/construction
requirements for the entire bridge (foundation, substructure, deck) shall be
designed with compatible requirements.

o Estimates are to be prepared for all alternate designs during the TS&L design
phase.

2 Large or Unusual Structures - FHWA policy requires the following designs to be approved
before being designed:

o Bridges with deck area greater than 125,000 square feet.

. NHS Bridges with a cost greater than $1,000,000.

. Movable bridges.

° Tunnels.
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1.1.2.10 Special Considerations for Federal-Aid Projects — (continued)

(2) Large or Unusual Structures - continued

An “Unusual bridge” may have:
o Difficult or unique foundation problems.
¢ New foundation types.
¢ New or complex designs involving unique design or operational features.

o Bridges with spans exceeding 500 feet or bridges for which the design
procedures depart from current acceptable practice.

Examples of unusual bridges include:
e Cable-stayed, suspension, arch, segmental concrete bridges, trusses, and
other bridges which deviate from AASHTO Design Specifications or Guide
Specifications.

e Bridges requiring abnormal dynamic analysis for seismic design.

e Bridges that include ultra high-strength concrete or steel.

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.
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1.1.2.10 Special Considerations for Federal-Aid Projects — (continued)

(4)  Specifying Proprietary Iltems - 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:

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

e 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.
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1.1.2.11 Type, Size, and Location (TS&L) Design - The end product of a TS&L

1)

2

design includes:
. TS&L Plan and Elevation drawing
. TS&L Estimate of structure construction cost

° TS&L Narrative

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”.

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:

o General Background:

. Project development and justification.
Right-of-way restrictions.
Permits and restrictions.
Utility conflicts or restrictions.
Railroad clearances and restrictions.

. Geometry and layout:

. 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.

. Hydraulics:
. Waterway openings, high water elevation, and clearances.
. Bank or bent protection.
. Floodway information, when appropriate.

. Foundations:

. Piling, drilled shafts, spread footings.
Fills, surcharges.
Settlement.
Lateral earth or seismic loads.
Liquefaction potential.
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1.1.2.11 TS&L Narrative - (continued)
The following is a general outline of possible discussion items: (continued)

. Structure Features:
. Span length and span arrangement.
Type of superstructure.
Type of bents and location.
Alternate structure types considered and estimated costs.
Stage construction and detour requirements.

o Design concepts - Rationale for decisions about:

Building new bridge versus widening existing one.
Use of bridge versus culvert.

Foundation support assumptions.

Assumed pile or drilled shaft bearing capacity loads.
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) Project timing and chronology.
2) Alignment and size of the new bridge in relation to the existing bridge (i.e., number of
spans, length).
3) Quantity of impervious existing bridge surface removed and added by the new bridge.
4) Type of the new deck surface and construction methods.
5) Type of the new bridge railing and construction methods.
6) 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)
7) 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.
8) 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.
9) 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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Final Design, General - The final design phase can begin after receiving the
TS&L approval. The final design end product includes:

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

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

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.

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.

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 checking Engineer is responsible for the meaning
and applicability of all computer generated data.

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:

Major complex structures.

Steel and post-tensioned bridges.

Structures designed by an inexperienced Designer.

Structures checked by an inexperienced Checker.
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Final Design, General (continued)

2. Design Check and Calculations - (continued)

Class | Check — (continued)

The Checker is responsible for the following:

Review of location data and correspondence files.

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

Review of foundation and hydraulic requirements.

Check for consistency of alignment and details with roadway plans.
Thorough check of geometry, alignment, grades, clearances, and
construction details.

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

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.

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

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:

Minor bridges designed by an experienced Designer.

The Checker is responsible for:

Review of correspondence, job files, and design calculations.
Confirmation that foundation and hydraulic requirements are met.
Verification of geometry, alignment, and structure type selection.
Confirmation with Designer that critical structural items have been
analyzed during the final design.

Completeness of plans.

Check of construction details and Final Estimate quantities.



Bridge Design and Drafting Manual 2004
Oregon Department of Transportation

1.1.3 Foundation and Hydraulic Considerations

1.1.31 Foundations and Hydraulics, General

The Foundation and Hydraulics designers will provide data and recommendations with respect to
types of footings, footing elevations, bearing pressures, types of piling, pile tip reinforcing, 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 allowable 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:

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.")

If 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.

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

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.

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.

7 D .
>
Fill §J§
RIPRAP T Filter &
CLASS Blanket /// > I L
50 12”_| none 7 S
100 18" none ¢ _
200 24" 6” Filter Blanket or Geotextile ~ .S
700 36" 9” Fabric (if required) NE
2000 48" 12" B

** Do not excavate foe trench where
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.

Top of footing— R

Footing Seal

Cofferdam sheet piling
g u U U /

Figure 1.1.3.3A
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1.14 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 maximum capacities. 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 programs BRIG2D and M-STRUDL allow 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. Ultimate geotechnical capacities are typically
used with seismic loading conditions unless otherwise directed by the Foundation Designer.
Allowable capacities are typically used for all other load combinations. Allowable capacity is the
ultimate capacity reduced by the appropriate safety factor.

1.1.4.1 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 capacities stated either in the Foundation Report or as determined in this
section of the design manual. If the resulting forces exceed the capacities, 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. Itis 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 allowable and ultimate capacities, 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 an ultimate capacity. 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:

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

¢ “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.

o “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.

e “Design Guidance: Geotechnical Earthquake Engineering For Highways”,
Volumes | & II; 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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1.1.4.2 General Procedures and Typical Values - (continued)

(1) Abutments and Wingwalls: - Use translational springs in both the longitudinal and

Translational Stiffness:

Soil Backfill:

Piles:

Translational Capacities:

Soil Backfill:

transverse directions.

25 ksf / inch passive soil resistance for both backwall and cap.
Similar for wingwalls transversely but discount one wingwall and
use 2/3 of the remaining one. The 25 ksf / inch value is for
modeling backwalls and caps up to 8 feet in total height. For
backwalls higher than this, consult the foundation designer for
additional guidance.

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
COM®624P or LPILE analysis. Consult with the Foundation
Designer to verify COM624P or LPILE soil properties.

Pult = 0.625H (ksf), maximum soil capacity under full static load.

Pult = 0.875H (ksf), maximum soil capacity under dynamic load.

where:
H = height of backwall and cap, feet.

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

Piles:

one.

For seismic loading, use ultimate values derived from COM624P
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
COM®624P or LPILE soil properties. Use allowable pile
capacities in tables below for loading conditions other than
seismic.

Translational Load-Deflection Curve:

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

(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=apK,

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

_— T

|
_ v .28 \
Zvy
_¢D R >y
RECTANGULAR FOOTING EQUIVALENT CIRCULAR FOOTING
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General Procedures and Typical Values - (continued)

Stiffness Calculations for Spread Footings: - (continued)

Shape Factor,q,

Shape Factors For Rectanqular Footings

1.18 4

1.16

1.14

1.12

1.08 §

1.06 4

1.04

4
1.02 8
1.00 . . . . + +
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 1 T 90

275 + = + 8.0

250 + +70

5.0

1.0

25

D/R

—=— Horizontal (left axis) —e— Vertical (left axis) —a— Torsional (right axis) —=— Rocking (right axis)

Torsional and Rotational B
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1.1.4.2 General Procedures and Typical Values - (continued)

Stiffness Calculations for Spread Footings: - (continued)

EQUIVALENT RADIUS:

4BL
TRANSLATIONAL: R=,—
v

[ (2B)(2 L)S_% o
ROTATIONAL: R= 3— ; for x-axis rocking
T
B 3 %
R= M ; for y-axis rocking
"4BL(4BZ+4L2)r1 L
R= 5 ; for z-axis torsion
T

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. Typically, one half of the design scour depth should be
modeled if no other information is available.

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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1.1.4.2 General Procedures and Typical Values - (continued)

Stiffness Calculations for Spread Footings: - (continued)

Translational Capacities: - (continued)

SPT STATIC CAPACITY Total
“Nc” Unit Wt.
(k/ft%)
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 (Amax):

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 ultimate bearing capacity provided in the
foundation report, unless otherwise directed by the Foundation Designer. The bearing
capacity of footings with overturning moments and eccentricity are determined using
“effective” footing dimensions.
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1.1.4.2 General Procedures and Typical Values - (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.

P=

A
1 [R 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 .,.x from the previous section for A and
Put for P in the above equation and solving for Rs.
A = Translational deflection, inches

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
£
g 400 +
<}
L
o 300 +
>
7
@ 200 |
o
100 +
0 } } } } 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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1.1.4.2 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. Ultimate capacities may be used for seismic design analysis unless
otherwise recommended by the Foundation Designer.

In cases where seismic loading is not the maximum group loading for the structure, the
stiffnesses and allowable capacities 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 “N¢” values less than 4, the pile
translational stiffness should be evaluated using the COM624P, LPILE or Florida Pier
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 COM624P program output (Figure 1, on Page 1-31) 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

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 “COM624P - Laterally Loaded Pile Analysis Program for the
Microcomputer”, Version 2.0, FHWA-SA-91-048 or the LPILE Plus, Version 3.0 computer
program manuals. This method is shown in Figure 1, on Page 1-31.
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1.1.4.2 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 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 7 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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1.1.4.2 General Procedures and Typical Values - (continued)

(3) Pile Supported Footings — (continued)

Typical Example
Top of Pile Load-Deflection Curve

(Translation Spring)
COM624P OUTPUT

5000

100.00

4500

90.00

70.00 -
Pult = 60 kips

80.00 | Load-Deflection Cuw\

-+ 4000

+ 3500

e

'S
3000

60.00 ¢

50.00 -

40.00 4

Lateral Load, kips

30.00 -

Maximum Moment Curve
My=2064 in-kips (Plastic Hinge Capacity)

-+ 2500

=+ 2000

Enter with My, find intersection
with Max. Moment Curve,
project to Load-Deflection

20.00

10.00 4

Curve to establish Py., and
note corresponding Lateral

| Atead = 1.3" Deflection

+ 1500

r 1000

-+ 500

0.00

T ainbi4

15 2 2.5 3 35 4 45
Lateral Deflection, inches
(At Pile Head)

Moment, kips-ft.

Translational Capacities:

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

and nonseismic design conditions.

For nonseismic loading conditions the following allowable pile capacities may be used

provided the site conditions generally satisfy the assumptions given below.
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General Procedures and Typical Values - (continued)

Pile Supported Footings — (continued)

Allowable Pile Translational Capacities (kips):

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 “Nc™*
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 “Nc¢” values over a depth of 8 to 10 pile diameters
(8D to 10D).
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1.1.4.2 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 maximum lateral
capacity and associated deflection. An example is shown in Figure 1, on Page 1-31.

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 allowable pile capacity (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 lteration Analysis and Capacity Checks”.
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1.1.4.2 General Procedures and Typical Values - (continued)

(3) Pile Supported Footings — (continued)

Pile Group Reduction Factors and p-y Multipliers:

For the COM624 or LPILE analysis methods, the p-y multiplier approach 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.
Currently, this process requires p-y curves be input individually into the COM624P
program. 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.

As an alternate to the p-y multiplier approach, the group reduction factors listed in the
table below may be applied to both stiffnesses and capacities for any sail

type.
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 ultimate capacity of the pile.

End bearing pile: | Friction piles:
KV:E KV=£
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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1.1.4.2 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 Capacities:

For pile supported footings, compare computed pile loads to ultimate axial pile
capacities for seismic cases and to allowable axial pile capacities for nonseismic cases,
unless otherwise recommended by the Foundation designer.

Rotational Load-Deflection Curve:

Use the initial stiffness up to the capacity limit. The curve form is:
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1.1.4.2 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 capacity against the maximum allowable or
ultimate capacity. Ultimate capacities are typically used in the case of seismic design,
however this should be verified by the Foundation Designer. Allowable capacities are used
for all other cases. For the rotational capacity, this is normally done by checking the
resultant forces against the maximum, effective soil bearing capacity (footings) or ultimate
pile capacity.

For lateral pile capacities, the maximum capacity is either the maximum determined from the
COM®624P or LPILE analysis (based on My of pile for seismic design), or from the tables.
The maximum capacity may also be a function of maximum allowable structural deflections.
If the capacity 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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1.1.4.2 General Procedures and Typical Values - (continued)

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

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

F,anal.(2) e / \ //(
= / Z c

omposite Load-Deflection Curve

LOAD
Output from Trial 2 (acceptable, % <1.20)

Modified Spring Constant, (input for trial 2)

DEFLECTION

Spring Iteration Process and Capacity Checks
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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 shaft 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.

. . Develop COM624 or LPILE models (shaft with soil) for each bent using the full shaft

from its tip to its connection to the superstructure.

. 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.

. 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.

. Use the top of shaft shear and moment results from this latest M-STRUDL to again load

the COM624 or LPILE models to develop new substructure stiffness matrices.

. Use the latest M-STRUDL model with the most recent substructure stiffness matrices

and again run the same controlling load case.

. 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.
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1.15 Foundation Design

Foundation Design should be performed in accordance with the most current version of the
AASHTO Standard Specifications for Highway Bridges. Foundation Design should also follow the
guidelines described in the document titled: “ODOT Bridge Foundation Design practices and
Procedures”, available through the Bridge Engineering Section. ODOT is currently transitioning
from Allowable Stress Design (ASD) to Load and Resistance Factor Design (LRFD) methods for
Bridge Foundations. The foundation design guidelines contained in this section are those
associated with allowable stress design methods, with modifications as noted.

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).

1.15.1 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%

Minimum 12 weeks 60% 10%

100%

BRIDGE TS&L PHASE

BRIDGE PRELIMINARY DESIGN PHASE

ADVANCE
_ Min 8 |, Min4

N weeks " weeks . FINAL |

o =

PRELIMINARY g S

FOUNDATION §

RECOMMENDATION
FINAL FOUNDATION DESIGN & REPORT | 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 —»|

g

Figure 1.1.5.1A
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1.15.1 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 capacities. 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 inclusion in the plans. 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 capacities, 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.

1.1.5.2 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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1.1.5.3 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 at, or below, the estimated depth of scour for
the 500 year flood event. The top of the footing should be at, or 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:

(1) 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.

(2) Ultimate and Allowable Bearing Capacities — The ultimate and allowable bearing capacities
will be provided for various effective footing widths likely to be used. Factors of safety will be
provided. The following factors of safety should be used unless otherwise justified.

Normal conditions: 3.0
Full scour (500 yr. scour to base of footing): 1.2
Extreme Event | (Earthquake Loading): 1.1

Bearing capacities corresponding up to 1 inch of settlement (service load 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 capacities 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
capacities provided assume triangular or trapezoidal stress distribution and maximum toe
bearing conditions.

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

(3) 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 &

The minimum factor of safety against sliding should be 1.5 for normal conditions and 1.1 for
extreme event conditions.
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1.1.5.3 Spread Footing Foundation Design — (continued)

(4) Global Stability — The foundation designer will evaluate global (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 (1.1. for extreme event conditions).

1.1.5.4 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 capacity to support the desired pile loads. Typical pile types, sizes and capacities are listed in
the table below.

Steel and Timber Piling

TYPE TYPICAL PILE BEARING CAPACITIES (tons )
ULTIMATE*

TIMBER PILES ALLOWABLE Gates WEAP
treated (untreated) timber . ... ... .. 35 105 90
STEEL PILES
HP10x42 ................. ... 70 210 175
HP10x57 ....... ... . .. 90 270 225
HP12x53 ............... ..... 90 270 225
HP12xX74 ... ................ .130 390 325
HP14x73 . ............... ... 125 375 312.5
HP14x89.................. . 150 450 375
HP14x117 . .............. .... 200 600 500
PIPE PILES
PP1275x0.375 ................ 20 270 225
PP14.0x0438................ 110 330 275
PP16.0x0.500 ............... 140 420 350
PP20.0x0500 ............... 180 540 450
PP24.0x0500 ............... 220 660 550

*Note — The ultimate capacity depends on the driving criteria selected: for the ODOT Gates Formula
the FOS = 3.0 and for WEAP (wave equation analysis) the FOS = 2.5.

Precast Prestressed Piling - see Drawing 43308.

The bending capacity of precast prestressed concrete piles is much less than steel piles of
comparable bearing capacity. If seismic loads and lateral capacity 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
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Pile Foundations — (continued)

Precast Prestressed Piling — (continued)

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 Capacity — Ultimate geotechnical pile capacities should be determined using the
FHWA manual “Design and Construction of Driven Piles Foundations” (FHWA HI-97-013).
The factor of safety 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
capacities if possible. The structural capacity of steel pile sections are typically
determined using a maximum allowable stress of 0.33Fy over the minimum cross
sectional area of the pile.

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. A Load Factor of 1.0 should be applied to the
downdrag loads, unless otherwise determined from experience or full scale testing.
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.

Under downdrag conditions, the pile must overcome the frictional resistance in the
downdrag zone during installation. This resistance should not be included in the
calculation of the ultimate pile capacity since after installation it reverses over time
becoming the static downdrag load. The required ultimate capacity should be calculated
from the following formula:

Qut = (FOS)PL +2(Qqq)
Qqs = Downdrag Load

FOS = Factor of Safety (based on installation criteria)
P. = Unfactored pile load (service load)
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Pile Foundations — (continued)

Piling Considerations - (continued)

3)

(4)

(5)

(6)

(7)

Uplift Capacity — Ultimate pile uplift capacities should be determined using the FHWA
manual “Design and Construction of Driven Piles Foundations”. In general, the uplift
resistance is the same as the pile friction (side) resistance. A factor of safety of 3.0 is
applied to the ultimate friction resistance to obtain the allowable uplift capacity under static
loading conditions. A factor of safety of 1.1 may be used under dynamic loading
conditions. 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 allowable capacities 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 ultimate capacities 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 determined according to
methods described in the FHWA Manual “Design & Construction of Driven Pile
Foundations”. Compare this settlement to the maximum allowable settlement and adjust
the pile depths or layout 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 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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1.1.54 Pile Foundations (continued)

Piling Considerations - (continued)

(8) Pile Tip Treatment - Where pile tip reinforcement is required, specify commercial cast
steel points. 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 —

T1C-U4c
or
[C-U4c-F

|
7 |
Thickness fo be defermined Pile 0.D.

PIPE PILE (CLOSED ENDED) (ASTM A572)

Figure 1.1.5.4A
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Pile Foundations (continued)

Piling Considerations - (continued)

(9) Pile 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:

a)

b)

d)

e)

f)

Pile Capacity: The ultimate pile capacities (Qult.) will be provided along with
estimated pile lengths for one or more pile types. These values may be in tables or
graphs of Qult versus depth may be provided. Modified Qult values will be
provided as necessary to account for scour, and/or liquefaction conditions. The
Factor of Safety 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 ultimate pile uplift capacity will be provided either as a function of depth or for a
given pile length (typically associated with the minimum tip elevation). The uplift
pile capacity will be provided for normal static conditions and for any reduced
capacity condition such as scour or liquefaction. The Factor of Safety 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.

Seismic Foundation Design Recommendations: The design Peak Ground Bedrock
Accelerations (PGAs) for the 500 and 1000 year recurrence events will be provided
along with the AASHTO site soil coefficients. Liquefaction potential is addressed
along with an assessment of lateral embankment deformations, 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).

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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1.1.54 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:

Tf% Mup=¢f’cD(Lx£-LXL)
2 4 2 1
. Lz Mup = ¢ f'c D 15 (34— Yp
L/2  4Mup = ¢ f'c D L
L = [4Mup
\V/A/lup grcD

J\F

Figure 1.1.5.4A

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

Piles: Minimum Embedment
HP 10X42 and HP 12x53 207
HP 12X74 and HP 14X89 247
HP 14X117 27
PP 10 % X 0.38 and PP 12 % X 0.38 15”
PP 16 X 0.38 and PP 16 X 0.50 207
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1.1.54 Pile Foundations (continued)

Piling Details — (continued)
(2) Pipe Pile Cover Plates - Provide a welded cover plate as detailed below in Figure 1.1.5.4B.

Pile diameter
+ o
Pile cut—off to provide uniform
l | bearing, grind as required,

. . maximum 14g” gap.
|

A4

%u

[ [
\ \
\ \
‘ ‘ %//
\

-

D = pile dia.

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

PIPE PILE (CLOSED ENDED) (ASTM A572)

Figure 1.1.5.4B

(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
y T Tper fig. 5.2 AWS DI1.1

N
S
=
Qlw B-U4a %
1 | |
1Y, i — — —
[ ——
%MGX.T L Run Jgx 1Y% | \
backer past flange | \
(172 thickness of \
flange). Grind flush |
arter welding. \\_/O
D
* H-PILE SPLICE PIPE PILE SPLICE

Figure 1.1.5.4C

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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1.1.54 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. . .
/Boﬁom of top mat in footing

| ||

“ g
“l d”

g < /M g
S gl . J’
typ. .
i siE) 5P i { siEr 23N
" ‘ L%" plate (A36)
Bar | Weld |Effective| yin
H -_Pile. Size | Size | Throat | . 2,
see ftg. plan "G g
PP ___"x ___" #4 i g |17-0"
(See Footing Plan) #5 %" U |1-3"

R

#6 3/3” 3/]6” 1=7"
#7 7/16 . 3/16// o1

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 . \— Fill pipe with Class 3300 concrete and
J 4y : place 4 - #7 dowels and #3 hoops
~ . ) d o @ 4//'
.. 4
| 2
- ) . .A
NS Al
EP i -
N Bottom of footing

FILLED PIPE PILE ANCHOR DETAILS
Figure 1.1.5.4D
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1.1.5.5 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. Common shaft sizes range from 3 feet to 8 feet
in diameter in 6 inch increments. Larger shaft diameters are also possible. The minimum shaft
diameter is 12 inches.

Drilled Shaft Considerations

1)

2

3)

(4)

()

Drilled Shaft Diameter and Capacity — Ultimate geotechnical capacities should be
determined using either the FHWA manual “Drilled Shafts: Construction Procedures and
Design Methods” (FHWA 1F-99-025) or AASHTO methods. 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 loading conditions, subsurface conditions at the site
and other factors. 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.

Downdrag Loads — 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. A Load Factor of 1.0 should be applied to the downdrag loads, unless
otherwise determined from experience or full scale testing. 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 Limit State shaft design. Downdrag loads resulting from
soil liqguefaction are different than those caused from static loading and they should not be
combined in the Extreme Limit state analysis.

Shaft Uplift Capacity — Shaft uplift resistance is usually the same as the side friction
resistance. Friction resistance in downdrag zones should be considered available for uplift
resistance. A factor of safety of 3.0 should be applied to the ultimate shaft uplift capacity for
static conditions. A factor of safety of 1.1 should be used for dynamic uplift capacity.

Shaft Rock Embedment — Minimum shaft embedment depths, or rock sockets, may be
required due to one or more of the following design requirements or conditions:

Lateral Load, due to earthquake loading
Scour

Liquefaction

Uplift loads

Settlement and/or Downdrag

Required soil/rock bearing strata.

The required rock socket embedment depths should be shown on the plans.
Shaft Settlement — Refer to either FHWA or AASHTO methods to calculate the settlement of

individual shafts or shaft groups. Compare this settlement to the maximum allowable
settlement
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Drilled Shafts (continued)

Drilled Shaft Considerations - (continued)

(6)

(7)
(8)

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 capacity.

Shaft Group Effects — For group lateral load analysis use the p-y multiplier methods
described in 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 Capacity: The ultimate shaft capacities (Quilt.) 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 Qult versus depth may be provided. Modified Qult values will be provided as
necessary to account for scour, liquefaction or downdrag conditions. The Factors of Safety
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.

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.

Shaft Uplift Capacity: If required for design, the ultimate shaft uplift capacity will be provided
either as a function of depth or for a given shaft length. The uplift shaft capacity will be
provided for normal static conditions and for any reduced capacity condition such as scour
or liquefaction. The Factor of Safety will be provided.

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.

Seismic Foundation Design Recommendations: The design Peak Bedrock Accelerations
(PGAs) for the 500 and 1000 year recurrence events will be provided 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).
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1.1.55 Drilled Shafts (continued)

Drilled Shaft Considerations - (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.

(9) 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. 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 1.1.5.5A below:

60-#36 vertical bars equally spaced.

8§'-0" dia. column

and Drilled Shaff\

8-CSL test tubes (see
Special Provisions in
Drilled Shaft only)

#5 spiral @ 3" pitch

DRILLED SHAFT & COLUMN SECTION

No Scale

Figure 1.1.5.5A
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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 capacity 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.
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1.1.6.3 Cofferdams and Seals

1)

)

Seals, General - Seals should be used only when the sheet piles cannot be driven to sufficient
depth to cut off the water pressure.

The sheet piling must penetrate and form a seal in the soil so that there is no water flow under
the sheet piling. In practice there will be some water entering the cofferdam. Energy is
dissipated as the water flows down around the bottom of the sheet piles. A flow net must be
developed to determine the actual hydrostatic forces. The equipotential flow lines will show a
reduction in the hydrostatic uplift forces. The hydrostatic uplift forces will be resisted by the
friction between the soil and the sheet piles and the buoyant weight of the soil plug.
Additionally, horizontal hydrostatic forces are present and must be designed for. These are
special conditions and require detailed Hydraulic and Foundation studies.

Cofferdams Without Seals - There may be some locations and soil types where a seal may
not be required for footing and column construction. The normal sequence of construction for a
cofferdam without a seal includes:

1. Water level is the same inside and outside the cofferdam

e Cofferdam is constructed - normally driven interlocking steel sheet pile.

e Vent holes are cut in the sheet piling - vent holes are placed at the maximum
design water level elevation and allows water to enter the cofferdam. A vent
hole must be cut at the design elevation to prevent cofferdam failure.

e Material is excavated inside the cofferdam to the bottom of the footing
elevation. Excavation may also be done after dewatering, when there is no
seal required, if the internal bracing is in place.

¢ Internal bracing is placed - usually horizontal bracing consists of wales, frames,
and/or struts to resist the horizontal hydrostatic forces.

e Footing piles are driven - when required. This may also be done after
dewatering and after excavation.

2. Water is removed from the cofferdam

e Continuous pumping system is installed - cofferdams are never completely
watertight and a sump system is normally installed to keep the cofferdam
relatively dry.

e Piles, if used, are cut off to the specified elevation.

e Footing and column are constructed in the dry.
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1.1.6.3 Cofferdams and Seals - (continued)

(2) Cofferdams Without Seals - (continued)

3. Cofferdam is flooded

Internal bracing is removed.

Riprap is placed before or after the sheet piling is removed. It may be
desirable to place riprap inside the cofferdam. Check with the Foundation
designer.

Sheet piling are extracted.

(3) Cofferdam with a Seal - A seal is usually an unreinforced mass of concrete that seals the

bottom of a cofferdam and allows construction of the footing and column inside of a dewatered
or dry cofferdam. The normal sequence of construction of a cofferdam with a seal includes:

1. Water level is the same inside and outside the cofferdam

Cofferdam is constructed - normally driven interlocking steel sheet pile.

Vent holes are cut in the sheet piling - vent holes are placed at the maximum
design water level elevation and allows water to enter the cofferdam. A vent
hole must be cut at the design elevation to prevent cofferdam failure. The
contractor may propose to use a lower vent elevation and thinner seal, if the
anticipated water elevation is lower at the time of construction.

Material is excavated inside the cofferdam to the bottom of the seal elevation.

Internal bracing is placed - usually horizontal bracing consists of wales, frames,
and/or struts to resist the horizontal hydrostatic forces.

Footing piles are driven - when required.

Seal concrete is placed

o With a tremie: A tremie is a long pipe that extends to the bottom of the seal
and prevents the concrete from segregating as it passes through the
water, as well as permitting a head to be maintained on the concrete
during placement. The bottom of the tremie is kept submerged in the

mass of concrete to minimize water intrusion into the mix.

¢ With a concrete pump: Similar principle to the tremie.
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1.1.6.3 Cofferdams and Seals - (continued)
(3) Cofferdam with a Seal — (continued)

2. Water is removed from the cofferdam

o Cofferdam is dewatered, only after the concrete has gained sufficient strength
to resist hydrostatic loads.

e Continuous pumping system is installed - cofferdams are never completely
watertight and a sump system is normally installed to keep the cofferdam
relatively dry.

o Piles, if used, are cut off to the specified elevation.

e Seal is prepared for footing construction - leveled and cleaned as needed for
constructing footing forms.

e Footing and column are constructed in the dry.

3. Cofferdam is flooded

e Internal bracing is removed.

o Rip-rap is placed before or after the sheet piling are removed. It may be
desirable to place rip-rap inside the cofferdam. Check with the Foundation
Designer.

e Sheet piling are extracted.
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1.1.6.3

Cofferdams and Seals (continued)

(3) Cofferdam with a Seal - (continued)

Internal bracing
7\ — Cofferdam vent elevation
f from Hydraulics
Streambed
elevation N .
= ==
—Depth of scour
from Hydraulics
2/-0" Footing :O'L 100 year
fo allow footing (—H—frifi= R ~500 year
form work i Seal ~Thickness, usually rounded
‘ :::: :::: : up to the nearest half foot

SEAL THICKNESS DETAIL

Figure 1.1.6.3A
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1.1.6.3 Cofferdams and Seals (continued)

(4) Seal Design Considerations - The seal forms a plug at the bottom of the cofferdam, using a
combination of seal mass and/or friction between the seal concrete and piling to resist the
hydrostatic forces.

Scour protection for the footing influences the location (depth) of the footing and must be
incorporated into the design. The Hydraulics Unit will provide this information.

The top of the footing should be below the 100 year scour depth and the bottom of footing
below the 500-year scour depth. The Hydraulics Unit will provide these elevations.

Normally the friction or bond between the seal concrete and steel piling is assumed to be 10 psi
for the surface area of the embedded pile. Check with the Foundation Designer for bond values
of other pile types.

An uplift capacity of driven piling should also be obtained from the Foundation Designer to
include in the overall stability or factor of safety of the system.

The minimum factor of safety of the system should be 1. Note that the actual factor of safety is
greater because the bond between the seal and sheet piling has been neglected.

A general rule of thumb, or good starting point, for seal thickness is 0.40 times (head of water
plus an estimated seal thickness) for spread footings and 0.25 times (head of water plus an
estimated seal thickness) for pile supported footings.

Use a minimum depth of seal of 4 feet, where piles are calculated to resist uplift in order to
reduce seal depth.

Design pile footings, that includes a seal, for bending and shear ignoring any beneficial effects
of the seal. This is due to the uncertain quality of the seal concrete and because the seal may
be reduced or eliminated during construction.

There are two ways of looking at the cofferdam system when determining the seal thickness.
Each should result in the same seal thickness:

Method 1: Assume there is some leakage around the seal and the actual water level
inside the cofferdam is at the top of the seal. Then the hydrostatic uplift
force is based on the depth of water to the top of the seal, but because it is
submerged the weight of the seal must be determined using the buoyant
weight.

Method 2: Assume the seal prevents any leakage and the hydrostatic uplift depth is to

the bottom of the seal. Then the full weight of the seal is used to resist the
uplift forces.
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1.1.6.3 Cofferdams and Seals (continued)

Spread Footing Example (using method 1):

Determine the seal thickness for a 16’ x 20’ cofferdam. Water depth is 16 feet from the vent to the
top of the seal.

Vent

167
= ==

T

16" x 20’

Figure 1.1.6.3B

Estimated T =0.4(16" + 10’ est. thickness) = 10.4’

Summing vertical forces:

Uplift force = weight of water displaced
= ( Area ) ( Depth of water ) ( Unit force of water )
= (16°)(20°)(16’ water depth)(0.0624 k/t®)

Force of seal = buoyant force of the seal

= (16°)(20°)(T’ seal thickness)(0.15 — 0.0624 k/ft® )

Uplift force = Force of seal

Solving for T:

T=11.4 -use 11.5 seal thickness

Note: F.S=1.0 forT=11.4
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1.1.6.3 Cofferdams and Seals (continued)

Pile-supported Example (using method 1):
Determine the seal thickness for a 16’ x 20’ cofferdam, with 12 — 12” diameter steel piles. Uplift
capacity is 10 kips per pile. Water depth is 16 feet from the vent to the top of the seal.

Vent

167
V==

|7

16" x 20’

Figure 1.1.6.3C

Estimated T = (0.25)(16’ + 10’ est. thickness) = 6.5

Summing vertical forces:

Uplift force = weight of the water displaced
= (16')(20°)(16’ water depth)( 0.0624 k/ft® )

Weight of seal = buoyant weight of the seal
= (16')(20°)(T’ seal thickness)( 0.150 — 0.0624 k/ft’ )

Pile displaced concrete = (12 pile)(0.785 ft2)(T’)( 0.150 — 0.0624 k/t® )

Bond on piles = (12 pile)(1)(1°)(6.5°)(0.10 ksi) =217 k
Pile uplift capacity = (12 pile)(10 k/pile) = 120 k < 217 k use 120 k

Uplift force = (Seal weight) - (Pile disp. conc.) + (Pile uplift capacity)
Solving for T:

T=7.33 -use 7.5 seal thickness.

Note: F.S.=1.0 forT=7.33
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1.1.7 Loads And Distributions

1.1.7.1 Dead Loads

(1)

)

@)

(4)

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.

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.

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.

Wearing Surface - Allow for wearing surface (psf) (if the approach pavement is in doubt,
assume AC.)

(A) Structure 250’ or less in length  present w.s. future w.s.

With PCC approach pavement 0 25
With AC approach pavement 25* 25
(B) All structures over 250’ in length 0 25

*Where placement of the "present" wearing surface is deferred, design the structure for a total
wearing surface of 50 psf.

1.1.7.2 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-5C permit truck.

Note: ODOT Permit Loads are shown in Figure 1.1.7.2A on the following page.

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.

REV 04/05
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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-5B
8 Axle Vehicle
Gross Weight = 162.5K

1‘2 21ii1.5 21i i.5i$ 21i i1.5
o 00O OO O 00O
AxeNo. 1 23 45 6 78
Representative Sample of
Single Trip Permit in 10 | 4 21 4 6 16’ 4
Weight Table 5 Tl 1 \ \
65'
Type OR-STP-5BW
9 Axle Vehicle
Gross Weight = 204K
12 24 24 24 24 24 24 24 24
@) 00 OXO) OX@) ©)@)
Axle No. 1 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 = = !
99'
Type OR-STP-5C
13 Axle Vehicle
Gross Weight = 258K
Representative Sample of
Single Trip Permit in
Weight Table 5
O O OO0 00O OXOX®) OXOX®)
Axle No. 4 2 34 5 6 7 8 9 10 1! 12 13
2041 s \5I I 5I\ £ \5' !5' 1e \5' !5'
126'
Figure 1.1.7.2A
REV 04/05
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Live Loads — (continued)

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

=—=HL-93

—¥=STP-5B
—&—STP-5BW

—£—STP-5C

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

=—=HL_-93
=¥=STP-5B
—&—STP-5BW
=—4—=STP-5C

200 240 280 320 360 400

Span (ft)

Figure 1.1.7.2C
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11.7.2 Live Loads — (continued)

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

300

==} -93

—¥—OR-STP-5B
—8—OR-STP-5BW

—#—O0R-STP-5C

2
=2
§
=
(2]
- 30 40 50 60 70 80 90 100 110 120
Span (ft)
Figure 1.1.7.2D
Live Load + Impact for Single-Span Prismatic Members
§ Maximum Shear - Strength Limit State
=—t=}-93
8
—¥=STP-5B
2 —8—STP-5BW
™
—A=—STP-5C
(=]
)
0
2
< o
N
g ®
£
%)
8
™
Q
s¢}
N
(o]
©
N
g
160 200 240 280 320
Span (ft)
Figure 1.1.7.2E
REV 04/05
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1.1.7.2 Live Loads — (continued)

)

3)

(4)

Pedestrian Structures - For bridges designed for only pedestrian and/or bicycle traffic, use a
live load of 85 psf. Where the width between hand rails is greater than 6’ but not greater than
12’, check the longitudinal beams for an alternate live load of 10,000 Ib., as shown in Figure
1.1.7.2F below. For a pedestrian and/or bikeway bridge with a 10’ or greater traveled way,
check with the region in which it is located to determine if it should be designed for a power
sweeper. 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
Strength Il Limit State (see Figure 1.1.7.2A):

e ODOT OR-STP-5B
ODOT OR-STP-5BW
ODOT OR-STP-5C

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.

For repair and/or strengthening of steel structures, ensure the requirements of Service Il
and Fatigue Limit States are satisfied using the applicable design loading as applied to new
structures.

Figure 1.1.7.2F

REV 04/05
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1.1.7.3 Thermal Forces

Use the following temperature ranges:

Metal Structures Concrete Structures
Section | 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 lII.

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.
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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.—‘ k#‘ 3-0" m,-,,w ’_ L
* I

|

Wingwall

Slope 2:1

OPTION - A OPTION - B OPTION - C

Figure 1.1.8.1A
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1.1.8.2 Wingwall Location

Wingwalls for end bents may be located as follows:

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.

considerations.

Walls parallel to bridge bents are generally avoided due to safety or stream flow

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.
contours of equal elevation intersect determines the location of the end of the wall.

P
33RR3eRte g

. \ Contours of f Contours of f
QV”’Q WG\//S \ﬁma dway \ 049 \ij/ay

Contours of f E Wing Wall C)gnfours of f

lower roadway-

. ) Line connectio —E==—=2ngtural
Final contours intersection o ====S% groun
Contours of f subgrade Contours of f equal confours P .
of upper roadway lower line or # —End of wingwall
natural ground
PLAN PLAN

\ 1

I U

Natural ground
ELEVATION 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.

3/_0//
min.

i

2 min.

Figure 1.1.8.3B
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1.1.8.4 End Bents

General - Where abutments 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 not less than 1 foot below the surface of the
ground. The effect of items such as utilities, ditches and future widening should also be considered.

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.

Integral Bents - Consider integral end bents, for structures of medium to short structure length. The
main benefit for integral structures is the elimination of expansion joints.

Bents on M.S.E. Walls - Refer to the ODOT Retaining Structures Manual.

1.1.8.5 Strutted Abutments

Abutments of single span bridges with the superstructure in place before backfiling 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
F
Ko = 0.5
po = 0.5 x 120H = 60H
T
M = 60h (H?) + 60H[H®
8 15
Note:
Add the effects of the wingwalls as required.
/ J‘////////////////
60H 60h \_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.

Hinge action — Single row of dowel bars provides the connection between superstructure and
substructure. Shear but no moment is transferred. Nominal pile embedment is required as lateral
load resistance is not provided by the piles.

See Standard drawings for details
Notch end of precast beam as required
L-bars

% Elastomeric bearing pad or

preformed expansion joint
Tiller to provide uniform

"|-|_——sStirrups bearing

. 1 /Dowe/ bars btwn. beams
- /Conc. Pad

* 4-#4 hoops at 4”
Dia. = cap width less 6"

\ +—Tie bars SRS S

. | —Hoops

oi_gn

27

Preformed expansion

R T Joint Filler.
I \
* 4-#3 x 22"

* Add reinforcing shown at each pile
when steel H-piles are used.

2/-6"

Figure 1.1.8.6A
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1.1.8.6 Pile Cap Abutment Details (continued)

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
YNorch end of precast beam as required.

L —-bars

it

o 7Momem‘ reinforcing, embed
: into cap as required to develop

bars

Concrete Pad (pour pad monolithic)
Place Y5 concrete layer and place
beams before the 5" concrete
layer is fully set, to provide uniform
bearing. Remove any excess concrete
protruding from edges of beam.

N
[ )

A
N/}

y .
50 min.

Tie bars

800 min.

HOODS*% . .’i::**:%'

ﬁ Pile embedment as required

2'=6" min.

Figure 1.1.8.6B
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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

| 1

preformed
exp. joint |
filler btwn. |.

_ beamsw.

See Polald ‘
Bearing 1 ST MR
details e o

)
Place preformed expansion joint
filler between beam and top of
conc. pad all around bearing pad

_.

T

i
ill
I
il

BEARING DETAIL

Hif

1l

M=

xx:u
M

Figure 1.1.8.6C

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. to
gllow for bearing
tion and repair

|/ |

Figure 1.1.8.6D
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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

than 40°’-0” and preformed expansion
Joint filler for spans less than 40'-0”

Preformed expansion . )
joint filler . . .
% . ] Continuous
I C. . corgicrefe .
< . 'Q
< 8 Pa . S
S| - [ B ;
2 ES Construction joint— |- ‘ ~Tie bars NS
SIS ) N
£ o ,L__‘
NS T |
<" . /Hoops
S . .
|8

2"
]

* Add reinforcing shown at each pile
when steel H-piles are used.

* 4-#3 x 21-27
or L-bars

N

2'=6" min.

oo

]2//

Continious preformed
expansion joint filler and
between bearing pads

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”

B
|
|
\
|
|
| <
< E
Continious preformed K 1 Tie bars N
expansion joint filler M' : : \ . A\
between bearing pads S| N
P i Dy
Construction Joint—"| (@ — ﬁ
Lo | .
|
| .
|
] |
e | o
| <
N | . : =
o ‘ ‘ 2
N % . 1 . ©
NS © I 2
o < . [ / -
g3 : 8
S| = S
Sla i ‘ g
< | 8 .
s | O [) i o )
| n . <
<+ S i ) | _——Hoops
*1Q ! —
[
|
I ] e s O
3 ! J
A 11N
o ! I °
- ; ) T N\
|
* Add reinforcing shown at each pile !
when steel H-piles are used. \
* 4-#3 x 20-p"
i or L-bars
\
2'-6" min. /
21_2//

]2//

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.

_hE.

LT

C
SR
C

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.

+—
A
O
S
<
° NS
(N ’ > Q
NES
f 2
Girder section LR
— <%
g 88
= (<5}
N
S

}

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.

4" dia. draln hole

Geotextile fabric
— 7 " dia. PVC drain pipe
/7 Run to drainage system

|
\
! or 24" square X

24" deep dry well

filled with crushed rock

-~ ——] or gravel.
——

\

[

\ |
N\ ——

~ T |

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” (T heoretical)

wingwall ]

=& Roadway Precast unit

o T T o
% il L
.

I 7'_8" ] 71_8/1

| —Pile cap

1

1

|
<1

——

[
(-

Use 35'-4" (minimum)
Minimum width (actual)=35'-0" (T heoretical) + 8 (o) = 35'-4”

Figure 1.1.8.13A
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1.1.9 Interior Bents

1.1.9.1 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]

Wind Wind
Dﬂw )
|

3
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

lOﬂg

w
£

f——

/—@ of X-beam
J .

Span Span

D
4 _i

) 3 >/—@ of X-beam UEIi

Figure 1.1.9.1B
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1.19.1 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 .
o ~— Symmetrical about €
___#8 bent bars. X-beam area
w/—-- bars in ea.row =
(1'-0” leg each end) ——T N3 U-bars at top of column
i
End of X-beam £
reinforement A /H\\f\ AN
\
% of tension reinforcing | = 7 | T SCsE=—
per AASHTO —Ee—a
A ————1|£Extend spirals into
T ——+—| crossbeam where plastic
Stirrups § moment capacity is req’d
e.” § Full /| Tl fhj
Start stirrups at § ull development leng
face of col ” —
ace of column @ _ _ § o
N} ] COLUMN STEEL
) s __-#__ vert.bars
| Lie af each full length with std.
Co ) wrrup 90° hook at bottom.
LfSﬁrrup __" dia.spiral at __"
pitch, full height of

IK

X 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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1.1.9.3 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.

1> preformed
exp. joint filler.

> ALTERNATE

CROSS BEAM CONNECTION
No Scale

POUR SCHEDULE
(INCLUDING CLOSURE POUR)

(D) Make pour in end beams and diaphragms

©

@ Make pour in deck slab. Delay pour
@) a min.of 3 days after pour (D).
A transverse deck construction joint
may be made at any diaphragm beam.
Delay pouring adjacent deck sections @
a minimum of 36 hours.

®

Fig. 1.1.9.3A
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3 dia. x 1'-6" long
compressible materials.

4-#8 x 16’-0”,drill and grout
3’-0” into existing X—-beam.
Slant hole 10° downward to allow
air escapement.

Make pour in end beams and diaphragm of
closure pour section.

Make pour in deck slab of closure pour.
Delay a minimum of 3 days after pour

Make pour in bridge rail.
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1.1.9.3 Structure Widenings (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 info X—-beam
provide 2” dia. corrugated galv.

pipes (sealed at free end). Attach3,"”
dia. conduits at ends for pressure
grouting.

Place new X-beam conc. 4-#8x6’-0", drill and grout 3'-0"

against V4" preformed

/4. into existing X-beam. Slant hole 10°
expan. jt.filler

downward fo allow air escapement.

CROSS BEAM CONNECTION AND

CLOSURE POUR DETAIL
No Scale

POUR SCHEDULE
(INCLUDING CLOSURE POUR)

Make pour in end beams and diaphragms

Make pour in end beams and diaphragm of
closure pour section.

CRC)

Make pour in deck slab. Delay pour@

a min.of 3 days after pour(1). A
fransverse deck construction joint

may be made at any diaphram beam. Delay
pouring adjacent deck sections a minimum
of 36 hours.

Make pour in deck slab of closure pour.
Delay a minimum of 3 days after pour

Pressure grout dowels in cross beam.

@0 ® ©

Make pour in bridge rail.

Figure 1.1.9.3B
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1.1.94 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

Due to lateral tie requirements in the new LRFD Specifications (AASHTO LRFD Bridge Design
Specifications), tied columns are essentially not constructable. There is no way to provide enough
space for man access for tying or inspection. The multiple interlocking spiral is the only 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 will require nominal corner
vertical bars with ties developed within the core area, and these ties would normally interfere with
bar tying and inspection. These corners will be considered "expendable" in an earthquake,
therefore the rebar should not be developed in the core.

Bundled bars should only be oriented tangentially (both bars touching the spiral). Multiple
concentric rings of bars are not a constructable 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.

Specify 3/4” maximum aggregate size in footings, columns and crossbeams. This will allow use of
the AASHTO vertical bar spacing requirement which means 3'%” center-to-center for #11 bars. 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. Maximum clear spacing
for spirals is 3” (or a pitch of 3'2").
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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
P,

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 from
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.

Note - A:

ASTM A706 shall be used 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.

Spirals shall be anchored at each end or discontinuity with one extra
furn and a splice to itself as shown. Where permitted on

plans closed hoops shall conform to the requirements of this detail.
Lapped splice is not allowed within the greater of 1/6 the column height
or max.column cross sectional dimension or 18” from top of footing or
bottom of cap, or in columns with spirals less than 36" in diameter.

Note: Make flare weld Start of pifch when
in direction shown. r_nechargc?/ SP //%e ral
. is used to anchor spira
Start of pitch 127 min. unit

when weld is
lap length

used to anchor

107, 135° Hks., > anch ciiiiio-
(Typ.), may spiral unit =2zzzzz---- S ——]
be field bent. Run off end of [ .. . One bar
LAPPED SPLICE bars as shown 2 J A . o weid” dia (typ)
See Note A ) MECHANICAL SPLICE
WELDED SPLICE (Not allowed for
See Note A ASTM A82 spirals)

SPIRAL SPLICE / TERMINATION DETAIL

60°

Yo to 4" Min.d/4

L Max. d/3

ALTERNATE WELDED SPLICE (EXCEPT ASTM AB2)

Welding of reinforcing steel splices shall be in accordance with ANSI/AWS D1.4-79.
“Structural Welding Code Reinforcing Steel”

Figure 1.1.9.6A
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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
60cl.or 40 d cl.

% s v ¥ ,

/5 min. cl.
(150 min. cl. at stream crossings)

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 =

— e

Figure 1.1.9.8A
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1.1.9.9

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)

Bridge Design and Drafting Manual 2004
Oregon Department of Transportation

Vertical Bar Splices

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.

1.1.9.10

The detail below will facilitate more effective concrete placement in the core area of the footing. The

EE
%D
B
8#
S8
wgg
Q.o
SSE
] F]\

7
i
;
E
77"3
w\%w\

— Enter length of class “B”
splice per AASHTO manual

required

Approved mechanical splice
for #14 and #18 bars;

permitted for smaller bars.

Figure 1.1.9.9A

Optional Hoop Detail at Bottom of Column

6” gap is used to facilitate placement of the top mat of reinforcement.

Minimum of 4 welded
circular hoops at
bottom of column.
Space hoops at required
spiral pitch.

S

v

T

Position of circular

hoops during footing
pour. (stagger splice

location when placing
hoops)

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.

T /(Minimum #5 @ 12" each way
S —

Py

_ vertical face w/12” legs

nnnnnnnnnnnnnnnn

e —
/\/ |l —#_ __ C-bars @ 12" each

LVerﬁca/ bar’s hook
tangency point.

Figure 1.1.9.11A

1.1.9.12 Sloped Footings
General criteria for sloped footing tops are:

e 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 Seismic Design, General

Realize the uncertainty of the seismic event, its magnitude, and its effect on the bridge site and the
bridge. Realize also that almost always structures perform better than we think they will - the
notable exception being loss of support through pull-off. We can enhance structure performance
more by attention to details than through refined design.

The Seismic Design Standards and Practice Engineer (Seismic TE-3) should be freely consulted
when questions arise. Decisions made which involve exceptions to standard design practices due
to seismic requirements will be documented by the Seismic TE-3 for later reference. Deviations
from the following guidelines should be justified and documented. The documentation should be in
the permanent bridge records with a copy given to the Seismic TE-3.

Seismic load effects should be considered for all projects using the following general
guidelines:

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 Design Manual
Sections 1.1.9.5t0 1.1.9.11, 1.1.10 and 1.1.11. Seismic ground motion values should be based
on the 2002 USGS Seismic Hazard Maps. ODOT versions of these maps are included in Figures
1.1.10.1A to 1.1.10.1l. 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://eqghazmaps.usgs.gov/ . The latitude and longitude of the site is needed to obtain the most
precise data.

(1) 1000-year “No Collapse” Criteria: Design all bridges for a 1000-year return period under a “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”. Contrary to 3.10.2 in the AASHTO LRFD Bridge Design Specifications, use
the bedrock acceleration coefficient from the ODOT 1000-year PGA map (see Figure 1.1.10.1D).
When requested in writing by a local agency, the bedrock acceleration coefficient for local
agency bridges may be taken from the ODOT 500-year PGA map (see Figure 1.1.10.1A).

(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. 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”. Contrary to 3.10.2 in the
AASHTO LRFD Bridge Design Specifications, use the bedrock acceleration coefficient from the
ODOT 500-year PGA map (see Figure 1.1.10.1A). When requested in writing by a local agency,
the “serviceable” criteria for local bridges may be waived.

(3) Long Span Bridges: 3.10.1 in the AASHTO LRFD Bridge Design Specifications states that
the seismic provisions are applicable for spans not exceeding 500 ft. When the peak rock
acceleration is less than 0.19g, the AASHTO LRFD Bridge Design Specifications may be used
even if the maximum span length exceeds 500 ft. For long spans in higher seismic areas,
consult with the Seismic Design Standards & Practice Engineer to discuss whether special
analysis and design procedures are warranted.
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1.1.10.1 Seismic Design, General - (continued)

Bridge Widenings: Design select bridge portions for seismic loading as directed by the flowchart
shown in Figure 1.1.10.1J. Design by the same criteria as for "New Bridges".

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 with 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 Bridges" (FHWA-RD-94-
052) 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 when the 1000-year return period PGA is greater than or equal to
0.19g

Rail Upgrade, Deck Overlays, Preservations, Repair, Strengthening, and Others - These
projects should include seismic retrofit as described previously for "Seismic Retrofit".
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1.1.10.1 Seismic Design, General - (continued)
SEISMIC DESIGN FOR BRIDGE WIDENINGS
Potential Factors Affecting Seismic Decisions (see Flow Chart, Figure 1.1.10.1C)

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.

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.
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1.1.10.1 Seismic Design, General - (continued)
SEISMIC DESIGN FOR BRIDGE WIDENINGS - (continued)

Potential Factors Affecting Seismic Decisions - (continued)

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.

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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1.1.10.2 Specification Interpretations and Modifications
Nomenclature:
\P/’/e Bent L, —Column/Pier ~

[P/'/e cap

F ooﬁng\.{

Piles
Figure 1.1.10.2A
Response Modification Factors and other Special ltems:

o All Single Spans:
¢ No response madification factors -- not applicable.

e Provide for connection force of: weight x "A" x "S" or provide specified
minimum support length from LRFD equation 4.7.4.4-1..

o Free standing abutments (expansion jointed systems) are to be designed for
pseudostatic Mononobe-Okabe method lateral earth forces.

o Zone 1:
¢ No response modification fa