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Three-Sided Structure VECP Guidelines
Prefabricated concrete and metal three-sided arch and rigid frame structures can be good alternatives for many bridge locations.  These structures generally have wider spanning capabilities (up to 84 foot clear spans) than traditional culvert designs. These structures can be specified on the plans (i.e. project specific design) or by Contractor value engineering change proposals (VECPs).  CDOT is currently developing the design and construction specifications needed to specify these structures on the plans.  The purpose of this construction bulletin is to provide the minimum requirements for VECPs and project specific designs until this specification is completed and the Department's design manuals are updated to address these structures.

Submittal Requirements
The following requirements pertain to all design submittals of major structures, including Contractor design submittals, and shall apply to these Structures.
· Design and independent design check computations for each structure and all structure components (e.g. wingwalls, headwalls, cutoff walls etc.), signed and sealed by a professional engineer licensed in the state of Colorado.
· Load rating meeting the applicable requirements of the CDOT Rating Manual except that the CANDE (Culvert ANalysis and DEsign) software can be used.  All electronic files and hand calculations needed for the structure rating shall be submitted with the rating package.   
· Construction plans and specifications signed and sealed by a professional engineer licensed in the state of Colorado.
· For all waterway crossings a hydraulics report that includes scour analysis for design and 500-year flood frequencies, signed and sealed by a professional engineer licensed in the state of Colorado.
· For all waterway crossings, design year and 500-year scour profiles shall be shown in the construction plans.
A copy of all submittals shall also be sent to Staff Bridge for review, comments and archiving.  This submittal shall be made to the Staff Bridge PE II assigned to the applicable region.
Minimum Design & Detail Requirements

This bulletin establishes the minimum design and plan detail requirements.  A complete design and detail package meeting these minimum requirements is necessary for each individual case.  
· The design method and live load model used shall be stated on the plans.  The design shall meet all CDOT design standards, policies and the current AASHTO LRFD Bridge Design Specifications.
· A Structure layout and elevation showing design year and 500-year scour profile. 
· If deep foundations are used or if the structure span is greater than 20 feet, a foundation investigation and geotechnical report is required.  The Geotechnical report shall state the resistivity, acidity (pH), and sulfate levels in the soil and stream water.  Boring logs and ultimate foundation capacities shall be shown in the plans.  

· For structures less than 20 feet in span and having shallow foundation systems, field investigation and geotechnical report is recommended.  For this case, the maximum allowable bearing pressure shall be limited to 1.0 ksf unless directed otherwise by the geotechnical engineer.        

· The minimum plan information shall include:
· The CDOT project number, sub account and structure number on each sheet.
· Concrete reinforcing details meeting the requirements of the CDOT Bridge detailing manual.
· Maximum and minimum fill heights allowed on the structure shall be defined and shown on the arch where the measurement is to be taken.
· Construction staging, if applicable, shall be shown.
· Structure Excavation and Backfill templates shall be defined.
· Epoxy coated reinforcing steel requirements shall be identical to CDOT Standard Plan number M​-601-1, Sheet 2, Note 4 except that the fill height measurement shall be taken at the highest vertical location on the arch. 

Minimum Hydraulics Report Requirements

In conformance with FHWA, AASHTO and CDOT drainage design requirements, all major structures must be designed to ensure the embankment stability during the design storm event and to ensure the structure stability during the 500-year storm event.  Staff Bridge must have a hydraulics report, including a scour analysis, on file for all major structures.  The scour analysis must include all types of scour (e.g. general, contraction, and local scour, etc).  The profile shown on the plans shall be the total additive value of all scour types.  The scour analysis must include a particle size and geotechnical investigation for the site.  Determination of the scour depth shall be based on the CDOT Drainage Manual. 
The use of spread footings should generally be avoided at locations with calculable scour.  This is due to the inherent difficulty in accurately predicting scour depths over the 75 year minimum life of a structure.  Deep foundations should be considered for these situations.  However, spread footings may be permissible provided they are located such that the top of the footings are below the total anticipated scour level, and the bottom of the footings are placed at least six feet below the streambed thalweg (see FIGURE 1).  
Three-sided structures with a concrete floor slab rigidly connected and sealed to the spread footing will be considered box culverts.  The bottom slab shall be designed to accommodate settlement of the spread footing without sustaining damage.  These structures shall be subject to the scour policy for culverts outlined in chapter 9 of the CDOT Drainage Design Manual.  Aprons and toewalls will be required as detailed in the CDOT M-standards and CDOT Drainage Manual for culverts.

Where upstream channel alignment changes outside CDOT Right Of Way (R.O.W) are anticipated, placing wall piers inside the channel should be avoided.
The hydraulics report from the Contractor's submittal shall be reviewed for acceptance by an experienced CDOT hydraulics engineer.

Minimum Construction Specification Requirements

· Concrete shall meet the minimum requirements for CDOT Concrete Class D (Bridge).
· The specified grout strength shall be greater than or equal to the concrete strength.
· Metal three-sided structures shall be limited to 25 feet in span.  Metal spans greater than 25 feet are not included in this bulletin and shall be reviewed on a case by case basis for adequate design and construction methodology and procedures to ensure stability and shape control.
· Steel three-sided structures shall be galvanized in accordance with subsection 509.11 of the Standard Specifications. 
· A 30 mil HDPE membrane shall be placed in the fill above metal structures when deicing chemicals are to be used on the above roadway.  This membrane shall extend 3’-0” beyond each end of the span.
· For metal three-sided structures, degradation of structural resistance due to corrosion and abrasion shall be considered.  The design computations shall demonstrate that the degraded culvert will provide adequate resistance to loads throughout the 75 year service life of the structure.  Western Federal Lands Highway Division Project Development and Design Manual may be used to determine the required thickness and coating.
· Aluminum alloy three-sided structures shall not be permitted unless the pH is between 4 and 9 and the resistivity is greater than 500 W–cm (200 W–in).  The design computations shall demonstrate that the degraded culvert will provide adequate resistance to loads throughout the 75 year service life of the structure.

· Where three-sided structures are skewed to the embankment, special end treatments will be required.  Acceptable end treatments include reinforced concrete headwalls and warping the fill to provide a balanced sidewall support.  Guidance on balanced sidewall support can be found in section 26.5.4.1 of the AASHTO LRFD Bridge Construction Specifications.

· Adequate bracing and shape control shall be provided for metal three-sided structures.  Bracing and shape control shall be left in place as long as necessary to protect workers and maintain shape during erection and backfill.  This is especially important for beveled and skewed ends.    
· Reinforcing steel shall be a minimum of grade 60 and placed in accordance with subsection 602 of the standard specifications.

· Structure Backfill shall meet the requirements for CDOT Structural Backfill (Class 1) gradation, compaction density, and drainage.
· When applicable, the sulfate exposure class specified on the plans and related subsection 601.04 of the Standard Specifications and standard special provisions shall dictate the cementitious material requirements
· The footing concrete strength required prior to placement of structure components shall be stated on the plans or in the specifications.
· Backfill shall not be allowed until both the concrete and grout design strength (f’c) has been reached.
· Backfill for metal three-sided structures shall be in accordance with section 26.5.4 of the AASTHO LRFD Bridge Construction Specifications.
Construction Bulletins can be found on the Design and Construction Project Support web page at: 

http://www.dot.state.co.us/DesignSupport/ 

If you have questions, please contact the Staff Bridge PE II assigned to your applicable region.
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