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Problem Statement:

The information show in Section 2.4.1 is outdated and incorrect. Designer should be designing the bridge to achieve economic per BDM and FHWA TS&L guide and achieve a good average deck area sqft cost for bridge at $200-$225/sqft , see Bridge Section’s annual Bridge Cost Data for bridge deck area total cost and national bridge deck area cost at https://www.fhwa.dot.gov/bridge/nbi/sd.cfm



Proposal:

Update to reflect the correct economic based on current data and design. Modify/Add Section 2.4 as follows:
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2.4.1  Bridge Types and Economics

2.4.2  Substructure Guidance

2.4.3  Special Considerations for Federal-Aid Projects

2.4.4  Use of Salvage Materials




[bookmark: _Toc10014300]2.4.1	Bridge Types and Economics

(1)  General

Bridge type is generally the most important factor influencing bridge costs.  (Substructure considerations are typically second.)  Each project site is unique and should be evaluated for conditions that alter the usual cost expectations.  For usual cost expectation, refer to Bridge Section’s annual Bridge Cost Data for bridge deck area total cost, and FHWA website (https://www.fhwa.dot.gov/bridge/nbi/sd.cfm) for bridge replacement unit cost for NBI structure in each state from recent bidding history.	Comment by LIM Alex K: Not true for seismic design and condition in northwest region. Substructure cost could be as high as 60% of the bridge total cost.

Designer shall advise the design lead and design team as soon as possible of any significant cost increases compared to the usual cost expectations and the reasons for the increases. Re-evaluate the alternatives with design team for their effectiveness to meet the project’s basic functions and seek for innovative solutions to address cost increase.

Various types of bridge superstructures provide efficient solutions for different span arrangements. There are many possible reasons for choosing particular span lengths for bridges, some of which are discussed below. The various types are ideally suited to different span lengths. However, there is generally significant overlap in the applicable ranges for the most common span ranges, so multiple bridge types are generally viable at most span ranges. For the following discussion, bridge type generally means classification of superstructure spans by construction material and method of construction. 

As can be determined from the Bridge Section’s annual Structure Cost Data books, bridge types in order of increasing costs are as follows:
	Comment by LIM Alex K: This is outdated and incorrect. 

Designer should be designing the bridge to achieve economic per BDM and FHWA TS&L guide. 
And achieve an good average deck area sqft cost for bridge at $200-$225/sqft. If there is risk, or other reason for higher cost, report, discuss and seek for alternative.
	Bridge Type
	Span Range

	Precast concrete slabs
	up to 83 feet

	Precast concrete box beams
	up to 120 feet

	Cast-in-place concrete slabs
	up to 50-66-50 feet

	Precast integral deck concrete girder
	up to 130 feet

	Precast concrete girder, BT72
	up to 140 feet

	Precast concrete girder, BT84
	up to 160 feet

	Precast concrete girder, BT90 & BT96
	up to 183 feet **

	Cast-in-place box girder
	> 200 feet*

	Cast-in-place post-tensioned box girder
	> 300 feet*

	Steel girder
	40 to 400 feet*

	Steel box and steel truss
	> 300 feet*


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



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

Timber bridges up to 30 feet of length may be considered for special situations (See BDM 1.8.1).  The cost of a timber bridge may be more than a concrete bridge of the same length.

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

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

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

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

Use HPC concrete in cast-in-place concrete slab superstructures.  Place concrete full-depth of the slab (i.e., no horizontal construction joints).  For cast-in-place slab superstructures having any span greater than 40 feet, apply a deck sealer product (from the QPL) at least 60 days after placement of the slab.

(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.  Also see BDM 2.2, Accelerated Bridge Construction, for more guidance in the use of precast elements.

Precast concrete slabs have the following advantages:
· 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:
· Providing smooth riding surfaces. (AC wearing surface is required to level up except for low-volume roads.)
· Accommodating horizontal curves, gradelines, or superelevations. (Thickness of AC wearing surface to accommodate superelevation can become excessive.)

Precast concrete box beams, girders, and integral Bulb-T beams have most of the same positive and negative points as precast concrete slabs.  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 for:
· Accommodating horizontal curves, gradelines, or superelevations
· Longer spans

However, three drawbacks are:
· Falsework is required
· Falsework in the roadway below a grade crossing creates traffic hazards
· Settlement of falsework before post-tensioning begins is a potential problem

(3)  Short Steel Span Bridges

Steel provides an excellent solution for short span bridges because steel is often lighter than other materials for the same span, resulting in smaller or fewer erection cranes and smaller abutments. In addition, short steel span bridges can be fabricated off-site in a controlled equipment and ready to erect as soon as it reaches the bridge site. Several options are available depending on the length of the bridge, including buried plate structures, wide flange shape/rolled beams and plate girder for span length from 20ft to 140ft.

[image: ]

(43)  Continuous Steel Span Composite Steel Girder Bridges

Steel construction extends the span length range and usually does not require falsework in the roadway or stream. Used for simple spans up to 260′ and for continuous spans from 120′ to 400′. Relatively low dead load when compared to a concrete superstructure makes this bridge type an asset in areas where foundation materials are poor. Shipping and erecting of large sections must be reviewed. Current cost information should be considered because of changing steel market conditions.

(45)  Bridge Widening

Generally, the same type of construction that matches the existing bridge should be used for the widened portion.

(65)  Design Criteria for Major or Unusual Bridges

Some elements of design criteria for major and unusual bridges may not be appropriate for normal bridges and may be dependent on the location and expected service level.  For those bridges the design criteria will be established specifically for each bridge in a collaborative effort between ODOT Bridge Engineering Section and the Region.  Early coordination is required to allow time to establish the design criteria.  See BDM 2.4.3(2) for further guidance regarding Unusual Bridges.  

(67)  Maintenance and Provisions for Inspection of Bridges

· Formal constructability and maintainability reviews by representatives of the Construction and Maintenance Sections are required for most bridges to determine the practicality and feasibility of erection/construction of the bridge as assumed in the design as well as adequacy for future maintenance.

· Preparation of an Inspection and Maintenance Guide for the future operation of each major or unusual bridge (see BDM 3.10.8).

· Consider designing for the possibility of future bearing replacement.  Bearing replacement requires the use of jacks to lift the superstructure off the bearings to be replaced.  Indicate the position of these jacks, and allowable jacking loads, on the drawings.  Provide distribution reinforcement to accommodate the jack loads in the top of the piers and the soffit of the superstructure.  Further, consider the relocation of the reactions in the transverse analysis of the superstructure when the jacks are engaged to replace the existing bearings.

· Bridges fabricated from coated structural steel should be designed for future recoating according to BDM 1.6.3.4.1.


[bookmark: _Toc10014301][bookmark: _Toc496787198]2.4.2	Substructure Guidance

See Section 1.11 for information to guide bent and wingwall layout.
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(1)  Alternate Designs

According to the Federal Highway Administration (FHWA), the practice of providing alternate designs for major bridges results in substantial savings in bridge construction costs.  Current FHWA policy states that use of alternate designs is optional and at the discretion of State highway agencies.  If alternate designs are appropriate, consider the following:

· Utilize competitive materials and structural types.

Prepare each alternate design using the same design philosophy.  (That is, LRFD design, finite element, etc.)  Ensure the design/construction requirements for the entire bridge (foundation, substructure, deck) are compatible.

· Prepare estimates for all Alternate Designs during the TS&L design phase.

Note: Do not confuse this ‘Alternate Designs’ with the TS&L ‘Alternatives Study’. This Alternate Designs is the actual preparation of two or more designs, and plan sheets, to be included in the bid documents.


(2)  Unusual Structures

FHWA policy requires ”unusual bridges” to be approved (by FHWA) before being designed.  An “Unusual bridge” may have:
· Difficult, new or unique foundation elements or problems
· A new or complex design concept involving unique operational or design features
· Design procedures which depart from current acceptable practice

Examples of unusual bridges include:
· Cable-stayed, suspension, arch, segmental concrete, moveable, or truss bridges, and other bridge types which deviate from AASHTO Design Specifications or Guide Specifications
· Bridges requiring abnormal dynamic analysis for seismic design
· Bridges designed using a three-dimensional computer analysis
· Bridges with span lengths exceeding 500 feet
· Bridges with major supporting elements of ultra-high-strength concrete or steel

Other unusual structures include:
· Tunnels
· Geotechnical structures featuring new or complex wall systems or ground improvement systems
· Hydraulic structures that involve complex stream stability countermeasures
· Designs or design techniques that are atypical or unique

Where unusual bridges are identified, seek FHWA involvement at Project Initiation. Do not advance the design beyond TS&L without FHWA approval.

(3)  Experimental Features Program

An experimental feature is a material, process, method, or equipment item that:
· Has not been sufficiently tested under actual service conditions to be accepted without reservation in normal highway construction, or
· 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 with State funds.  In some cases, FHWA has paid part of the research cost for basically a State-funded experimental program.

The intent of the Federal-Aid Experimental Features Program is to allow ODOT time to develop, test, and evaluate specifications for new, innovative, or untried products or processes.



(4)  Specifying Proprietary Items

To encourage competitive prices from manufacturers and suppliers, FHWA has established a policy for specifying proprietary products or processes for Federal-Aid projects.  Generally, “proprietary” means:
· Calling out a product on plans or in specifications by brand name
· Using specifications written around a specific product in such a way as to exclude similar products

The policy basically says:
· You must use two, preferably three, products when specifying by name brand
· 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:
· If it qualifies for the experimental features program
· If, with written justification from ODOT, FHWA specifically approves in advance a single product, which is essential because of compatibility with an existing system, or the only suitable product that exists

(5)  Use of Debris from Demolished Bridges and Overpasses

Public Law 109-59, dated August 10, 2005, Section 1805 mandates that for Federal-Aid bridge replacement and rehabilitation projects, States are “directed to first make the debris from the demolition of such bridge or overpass available for beneficial use by a Federal, State, or Local government, unless such use obstructs navigation.”  Links are provided for more information:

· Public Law 109-59 August 10, 2005 

· FHWA Memorandum of March 7, 2006

Note that environmental regulations may prohibit the use of debris in waterways.
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ODOT Bridge Engineering Section does not prefer the use of used bridge items.  New materials are required for new and replacement bridges, and for added portions of widened bridges.  Incorporation of used materials requires an approved Design Deviation (see BDM 1.2.2).  The following are issues to be considered and included in a deviation request.

1. Locate and include in the project records for the new bridge all original material certifications and documentation of material properties.
2. Document the condition of the used materials.
3. Locate and include a copy of applicable portions of the original calculation book in the project records for the new bridge.  The copied portions may be scanned and transmitted electronically to the design engineer.  Hard copies should be made and included in the calculation book for the new bridge.
4. Prepare a new calculation book for the new bridge.
5. Document agreement from FHWA (on Federal projects) with a Public Interest Finding processed through Roadway Section.
6. Designate on the new plans the portions of the new bridge that are built with salvaged materials.



Analysis / Research / Other Supporting Data:
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Bridge Engineering Section Response:

	|_| Accepted for consideration as submitted
[bookmark: Check4]|_| Accepted for consideration as noted
[bookmark: Check5]|_| Proposal tabled, see Remarks
[bookmark: Check6]|_| Proposal not accepted, see Remarks
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Bridge Design Standards Engineer
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