Section 00596 - Retaining Walls596 - Retaining Walls
Description

00596.00
Scope596.00 Scope - This work consists of furnishing and constructing retaining walls as shown or specified, and in close conformity to the lines, grades, and dimensions shown or established.

The Special Provisions will state the types and locations of walls to be constructed.

00596.02
Definitions596.02 Definitions - Geosynthetic terms not defined in this subsection may be found in ASTM D 123, ASTM D 4439, or 00350.01.  If there is a conflict, definitions in this subsection take precedence.

Alternate Fasteners - Spiral binders or high tensile locking spring steel clip or clamp-on ring type fasteners specified as an alternate to tie wire for assembling and joining gabions.
Bin Walls – Concrete or metal gravity retaining structures filled with free-draining, granular backfill material.  Bin walls consist of interlocking, prefabricated modules or bolted lightweight steel members constructed like building blocks.



Company - In the case of a proprietary retaining wall, the firm or other entity that identifies lawful claim to the retaining wall or design of the retaining wall.  In the case of non-proprietary retaining wall, the firm or other entity that produces, provides, or designs the retaining wall.

Internal Connecting Wires - Internal wires used to prevent gabions from bulging.

Conventional Segmental Retaining Walls:

1)
A basic gravity retaining wall type, and 

2)
Retaining walls composed of segmental retaining wall units only (i.e., no soil reinforcements).

Crib Walls – Prefabricated, interlocking reinforced or unreinforced gravity retaining structures backfilled with free-draining, granular backfill material.  Crib walls consist of alternating transverse and longitudinal beams.

Extensible Tensile Reinforcements - Reinforcements in which the deformation at failure is comparable to or greater than the deformability of the reinforced backfill (e.g., geotextiles and polymeric materials).

Gabion Retaining Walls:

1)
A basic gravity retaining wall type, and 

2)
Retaining walls composed of assembled wire baskets, connected together, filled with specified rock, and placed with a riprap geotextile between the back face of the basket and the backfill material.

Geogrid - See 00350.01.

Geosynthetic - See 00350.01.

Geotextile - See 00350.01.

Inextensible Tensile Reinforcements - Reinforcements in which the deformation at failure is significantly less than the deformability of the reinforced backfill (e.g., metallic materials).
Mechanically Stabilized Earth (MSE) Retaining Walls:
1)
A basic gravity retaining wall type, and

2)
Retaining walls composed of granular backfill and either extensible or inextensible tensile reinforcements in the granular backfill mass.  Examples of facing include precast concrete panels, cast-in-place facades, and segmental retaining wall units.

Prefabricated Modular Block Retaining Walls - Unreinforced, prefabricated concrete block gravity (non-MSE) retaining walls composed of concrete blocks greater than 0.08 m3 (3 cubic feet).


Proprietary Retaining Walls:

1)
Retaining walls in which a private company identifies lawful claim to the product or design of the product,

2)
Retaining wall products typically associated with a tradename or name brand, or

3)
Retaining walls designed by someone other than the retaining wall Contract Documents engineer of record.

Retaining Wall or Retaining Structure - A group of interrelated components designed to resist earth pressures.
Rigid Gravity Retaining Walls - A basic gravity retaining wall type that includes cast-in-place concrete gravity retaining walls.

Segmental Retaining Wall Unit - A machine-formed solid or hollow modular concrete block less than 0.08 m³ (3 cubic feet).

Semi-Gravity Retaining Walls - A basic gravity retaining wall type that includes cast-in-place concrete cantilever or counterfort retaining walls.

Tie Wire - Wire used to assemble and join gabion units.

00596.03
Variables596.03 Variables - The amount and type of work required to construct a proprietary retaining wall varies according to the wall selected.  The Contractor is responsible for making a careful study of the work required for each wall and for determining the quantities.

Variables could involve shoring, excavation, backfilling, excess material, staging work, corrosion protection, utilities and drainage systems adjustments and other details of the work.

00596.04
Proprietary Retaining Wall Submittals596.04 Proprietary Retaining Wall Submittals - Supplement the Agency-prepared plans with such working drawings and design calculations, prepared by the provider of the proprietary retaining wall selected, as necessary, for completion of the work.  Submit stamped working drawings, design calculations, field construction manuals and product brochures to the Project Manager according to 00150.35.  Submit this information at least 30 calendar days before beginning retaining wall fabrication or construction for the Engineer's review.  Obtain the Engineer's written approval before fabricating retaining walls.

(a)
Working Drawings - The working drawings shall include at least the following:

(1)
General:

· General Notes - Provide necessary information on design and construction of the retaining wall.

· Materials and Quantity Summary List - Show all items of each wall, including incidental items.

· Plan View - Show the construction centerline and related horizontal curve data, the offset from the construction centerline to the face of the wall at all changes in horizontal alignment, and the centerline of any utility or drainage structure or pipe that is behind or passes under or through the wall.

· Elevation View - Show the elevation at the top of the wall at all horizontal and vertical break points, and at least every 20 m (65 feet) along the wall; vertical curve data; the location of the original and final ground line at both the heel and face of the wall; elevations at the base of the wall (e.g., top of cast-in-place footings and/or leveling pads); the distance along the face of the wall to all steps in the wall base; and the applied bearing pressures.

· Typical Sections - Show wall construction and limits of backfill.

· Structural and Geometric Details - Provide all structural and geometric details, including but not limited to:

· Loading conditions

· Footing and/or leveling pad details

· Final front face batter

· Reinforcing bar bend details

· Details for appurtenances not detailed in the plans, including connections to concrete barriers, coping, parapets, soundwalls, fences, and attached lighting

· Construction around utility and drainage facilities, overhead sign support footings, abutment piles, or other structures

(2)
MSE Retaining Walls:

· Plan View - Show soil reinforcement limits.

· Elevation View - Show the type and size of facing components; the length, size and number of soil reinforcements; and the distance along the face of the wall to where changes in the length of the soil reinforcement occur.

· Typical Section - Show soil reinforcement limits.

· Facing Components - Show all dimensions, including thickness; all details necessary to construct the facing components; all reinforcing steel in the component; and the location of tensile soil reinforcement attachment devices embedded in the facing.  Show the type of concrete finish.
· Soil Reinforcements - Show all dimensions and details necessary to construct the soil reinforcements.

(b)
Design Calculations - The design calculations shall include but not be limited to:

(1)
General:

· Design Input - Show wall geometry; soil parameters; and both permanent and temporary design loads, including applied loads from pedestrian rails, fencing, guard rail, concrete barrier, soundwalls, sign supports, or luminaire supports.

· External Stability Calculations - Indicate factors of safety against sliding and overturning.

· Foundation Bearing Pressure Calculations - Indicate the factor of safety against foundation bearing failure.

· Appurtenances - Show calculations for the design of pedestrian rails, fencing, guard rail, concrete barrier, soundwalls, sign supports or luminaires when not fully detailed on the plans.  Design concrete barriers according to AASHTO Standard Specifications for Highway Bridges, and Interim Revisions, to withstand a horizontal force of 45 kN per 1.5 m (10,000 pounds per 5 feet) applied at the top of the barrier and conforming to the National Cooperative Highway Research Program (NCHRP) Report 350, unless otherwise indicated.

(2)
MSE Retaining Walls:

· Internal Stability - Indicate reduction factors and factors of safety against soil reinforcement rupture, pullout, and facing connection strength.

· Local Stability - Indicate factors of safety against sliding and bulging of segmental retaining wall facing units.

(c)
Field Construction Manual - The field construction manual shall be prepared by the provider of the proprietary retaining wall selected, and shall provide step-by-step directions for constructing the retaining wall.

Materials

00596.10
General596.10 General - Furnish materials according to the following requirements:

(a)
Agency Approval - Use only retaining wall materials, products or systems that have met the requirements of the ODOT Retaining Structures Program and have an "Approved" status according to the ODOT Retaining Structures Program prior to the Project Bid Opening.  Information regarding approval or any other aspect of the ODOT Retaining Structures Program may be obtained from the ODOT Retaining Structures Coordinator in Salem at 503-986-4200.

(b)
Agency-Furnished Designs - For retaining wall designs shown (i.e., non-proprietary retaining walls), either provide specified materials in accordance with the applicable material Specifications herein or provide products from the QPL also in accordance with the applicable material Specifications herein.  Obtain like materials for the retaining wall from the same company.

(c)
Proprietary Retaining Wall Systems - For proprietary retaining walls, provide products from the selected company in accordance with the company’s specifications and the applicable material Specifications herein.  If there is a conflict between the company’s specifications and the Agency’s Specifications the Agency’s Specifications will take precedence.  Obtain all materials for the selected proprietary retaining wall from the same company.  Use only one proprietary retaining wall on the Project unless different proprietary retaining walls are specified.

Do not use materials from unlisted sources without written approval.  Acceptance will be based on manufacturer’s test results and certificates of compliance according to 00165.35, visual inspection and other criteria in this Section.

(d)
Quality Control - Provide quality control according to Section 00165.

00596.11
Backfill596.11 Backfill - Provide backfill according to Section 00510 and the following:

(a)
Granular Drain Backfill Material - Provide granular drain backfill material according to 00430.11.  Provide a Type 1 drainage geotextile according to Section 02320.

(b)
Special Filter Material - Provide special filter material according to Section 02610.

(c)
Gabion Retaining Walls - Provide a well-graded 100 mm to 250 mm (4 inch to 10 inch) rock fill material inside the gabion baskets meeting the requirements of 00390.11 (b).

Provide granular wall backfill material behind the gabion baskets according to 00510.12.

(d)
Metal Bin Retaining Walls - Provide granular structure backfill material for the interior cell of the metal bin retaining wall units according to 00510.13.

Provide granular wall backfill material behind the metal bin retaining wall units according to 00510.12.

(e)
Leveling Pads - Provide granular structure backfill material for gravel leveling pads according to 00510.13.

(f)
Segmental Retaining Wall Units - Provide granular structure backfill material for the interior cell of hollow segmental retaining wall units according to 00510.13.

Provide backfill material behind the segmental retaining wall units as specified.

(g)
MSE Granular Backfill - Provide MSE granular backfill meeting the following requirements:


	
	

	
	


	


	


	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	



(1) Gradation - Gradation shall meet all requirements in Section 02630 and Table 02630-1.  Use either 25.0 mm (1-inch) or 19.0 mm (¾-inch) base aggregate conforming to the requirements of 02630.10 (a) through 02630.10 (c).  Test the MSE granular backfill at the frequency specified in the ODOT Manual of Field Testing Procedures (MFTP) for aggregate base material.  Additionally, MSE granular backfill placed in the spread footing foundation support zone shall have between 70 to 85 percent passing the ¾-inch Sieve (for all “Separated Sizes”) as determined by AASHTO T27/T11 (Wet Sieve).
(2) Other Requirements - The MSE granular backfill shall meet the following requirements:

· Material Passing 75 (m (No. 200) Sieve - The percent (by mass) passing the 75 (m (No. 200) sieve shall not exceed 15 percent when tested according to AASHTO T 27/T11 (Wet Sieve).   
· Plasticity Index - The Plasticity Index of the MSE granular backfill material passing the 425 (m (No. 40) sieve shall not exceed 6 when tested according to AASHTO T 90.
Electrochemical Properties - The 
· MSE granular backfill material shall conform to the following electrochemical requirements:

	Property
	Limits
	Test Procedures

	pH
	4.5 - 9.5
	AASHTO T 289

	Resistivity
	5,000 (-cm (min.)
	AASHTO T 288


MSE granular backfill material with resistivities of less than 5000 (-cm but greater than 2000 (-cm may be accepted if they meet the following additional requirements:

	Property
	Limits
	Test Procedures

	Chlorides
	100 PPM (max.)
	AASHTO T 291

	Sulfates
	200 PPM (max.)
	AASHTO T 290


· Organic Content Requirements - The Organic Content shall meet one of the following conditions:

(1) Organic content as computed according to AASHTO T 267 for material finer than the 2.00 mm (No. 10) sieve does not exceed 1.0%.

(2) The ratio (expressed as a percentage) of the mass (weight) of organic material (as determined by AASHTO T 267) to the mass (weight) of the total sample does not exceed 0.75%.

00596.12
Gabion Baskets596.12 Gabion Baskets - Provide gabion baskets according to Section 02340. 

00596.13
Concrete596.13 Concrete:

(a)
ODOT Standard Cast-in-Place Concrete Gravity Retaining Wall - Provide commercial grade concrete according to Section 00440.

(b)
ODOT Standard Cast-in-Place Concrete Cantilever Retaining Wall - Provide structural concrete according to Section 00540.

(c)
Leveling Pads - Provide commercial grade concrete according to Section 00440.

(d)
MSE Retaining Wall Cast-in-Place Concrete Facades - Provide commercial grade concrete according to Section 00440.

(e)
MSE Retaining Wall Precast Concrete Facing Panels - Provide commercial grade concrete according to Section 00440 and the following:

(1)
Portland Cement Concrete - Use the class of concrete listed in the Special Provisions.

(2)
Casting - Set soil reinforcement connection devices on the rear face of the precast panel and secure to prevent displacement during concrete placement and consolidation.  Do not allow devices used to connect soil reinforcements to facing panels (e.g., loop embeds tie strips, etc.) to contact the face panel reinforcement steel.  Place concrete in each panel without interruption and consolidate with an approved vibrator.

Use clear form oil throughout the casting operation.

(3)
Curing - Follow the curing procedure given in the Special Provisions.

(4)
Finish - Give the front face a general surface finish according to 00540.53, unless otherwise specified.  Screed the back face to eliminate surface distortions and open pockets of aggregate.

(5)
Tolerance - Manufacture all units within the following tolerances:

a.
Panel Dimensions - Do not exceed a difference of 12 mm (1/2 inch) between diagonals.  All other dimensions are not to exceed a difference of 5 mm (3/16 inch).  Angular distortion, with regard to the height of the panel, is not to exceed 3 mm in 1 m (1/8 inch in 3 feet).

b.
Soil Reinforcement Connection Devices:
Tie Strips - Locate tie strip connection devices within 25 mm (1 inch) of the plan location.

Loop Embeds - Locate loop embeds within 5 mm (3/16 inch) of the plan location.

Retention Slots - Locate retention slots within 25 mm (1 inch) of the plan location.  Slot openings are not to exceed 3 mm (1/8 inch).  Check the slot opening with the supplied "feeler" gauge according to the company’s recommendations.  Reject panels from which the "feeler" gauge is pulled from the slot.

c.
Panel Face - Smooth formed surfaces are not to vary over 2 mm (3/32 inch) when measured over a length of 1 m (3 feet).  Textured-finished surfaces are not to vary over 5 mm (3/16 inch) when measured over a length of 1 m (3 feet).

d.
Rear Face - Eliminate surface distortions in excess of 6 mm (1/4 inch).

(6)
Acceptance of Panels - Acceptance will be according to 00540.17 except as follows: 

· Acceptance of precast panels will be determined based on production sublots.  A production sublot will be represented by a single compressive strength sample and will consist of either 40 panels or a single day's production, whichever is less.  Cast one set of cylinders for each production sublot.

· Acceptability of the precast panel will be determined based on conditional compressive strength tests results, check tests, and visual inspection.  Panels may be placed in the wall if 7-day initial strength exceeds 85% of the 28-day requirements.  Final acceptance will be based on the 28-day test results.

(7)
Marking - Clearly scribe on the rear face of each panel the date of manufacture, the production sublot number, and the piecemark.

(8)
Handling, Storage, and Shipping - Handle, store, and ship all units in a manner that eliminates chipping, discoloration, cracks, fractures and connecting device damage.  Support stored panels on firm blocking.

(9)
Rejection - Any of the following defects will be cause for rejection:

· Imperfect molding

· Honeycombed or open texture concrete

· Exposed reinforcing steel

· Improperly installed soil reinforcement connection devices

· Broken or chipped concrete 

· Excessive color variation on front face of panel

· Nonspecification strength

· Cross-sectional thickness of the wall facing component less than the minimum thickness indicated on the plans or working drawings

(f)
Segmental Retaining Wall Units - Provide a minimum compressive strength after 28 days of 28 MPa (4,000 psi) and a maximum absorption rate of 5% by mass (weight).

(1)
Portland Cement - Use portland cement meeting the requirements of 02010.10.

(2)
Blended Cement - Use blended cement meeting the requirements of 02010.20.

(3)
Aggregate - Use aggregate meeting the requirements of ASTM C 33.

(4)
Tolerance - Molded dimensions are not to differ more than 3 mm (1/8 inch) from the manufacturer’s published dimensions, except height, which is not to differ more than 2 mm (3/16 inch).

(5)
Color - Provide gray units unless specified otherwise.

(6)
Finish - Provide split-face units unless specified otherwise.

Provide units that are sound and free of cracks or other defects that would interfere with the proper placement of the unit or significantly impair the strength or permanence of the construction.

Provide units that are free of chips, cracks or other imperfections when viewed from a distance of 3 m (10 feet) under diffused light.

(7)
Acceptance of Units - Acceptability will be determined based on compressive strength, moisture absorption, and dimension tests according to ASTM C 140 and visual inspection.  Segmental retaining wall units may be placed in the wall if 7-day initial strength exceeds 85% of the 28-day requirements.  Final acceptance will be based on the 28-day test results.

(8)
Marking - Indicate the date of manufacture and the production lot number on each lot of segmental retaining wall units.

(9)
Handling, Storage, and Shipping - Handle, store, and ship all units in a manner that eliminates chipping, discoloration, cracks and fractures.

(10)
Rejection - Any one of the following defects will be cause for rejection:

· Imperfect molding

· Honeycombed or open texture concrete

· Broken, cracked or chipped units

· Extreme color variation on front face of unit

· Nonspecification strength

· Absorption

(g)
Prefabricated Modular Concrete Blocks:

(1)
Concrete - Provide concrete suitable for common structural applications.  Concrete tests are not required.

(2)
Grade - Provide Standard Grade blocks.

(3)
Color - Provide gray blocks unless specified otherwise.
(4)
Finish - Provide smooth face blocks unless specified otherwise.

Provide blocks that are sound and free of cracks or other defects that would interfere with the proper placement of the block or significantly impair construction of the wall.

Provide blocks that are free of chips, cracks or other imperfections when viewed from a distance of 3 m (10 feet) under diffused light.

(5)
Tolerance - Molded dimensions are not to differ more than 6 mm (1/4 inch) from the manufacturer’s published dimensions, except height, which is not to differ more than 4 mm (5/32 inch).

(6)
Handling, Storage, and Shipping - Handle, store, and ship all blocks in a manner that eliminates chipping, discoloration, cracks and fractures.

(7)
Acceptance of Blocks - Acceptability will be determined based on tolerances specified in (5) of this subsection and visual inspection.

(8)
Rejection - Any one of the following defects will be cause for rejection:

· Concrete not suitable for common structural applications 

· Imperfect molding

· Honeycombed or open texture concrete

· Broken, cracked or chipped blocks

· Extreme color variation on front face of block

00596.14
Steel Reinforcement for Concrete596.14 Steel Reinforcement for Concrete - Provide steel reinforcement for concrete according to Section 00530.

00596.15
Steel596.15 Steel - Provide structural steel according to Section 00560 and the following:

(a)
Metal Bin Retaining Walls - Provide metal bin retaining walls according to Section 02350.

(b)
Inextensible Soil Reinforcements, Facing Components and Attachment Hardware - Shop-fabricate true size and defect-free soil reinforcements, facing components and attachment hardware as follows:

Galvanize soil reinforcements, facing components and attachment hardware according to 02530.70, except where noted.  If specified, epoxy coat according to AASHTO M 284/M 284M (ASTM A 775/A 775M), except where noted.

(1)
Reinforcing Strips - Use steel reinforcing strips of the required shape and dimensions conforming to ASTM A 36/A 36M or equal.  Provide a minimum 600 g/m2 (2.0 ounce per square foot) galvanized coating.  If specified, provide a minimum 450 m (18 mils) epoxy coating.

(2)
Reinforcing Mesh - Furnish welded wire reinforcement according to 02510.40 supplemented and modified as follows:

a.
Galvanized Reinforcement - Provide a minimum 600 g/m2 (2.0 ounce per square foot) galvanized coating for welded wire embedded in either concrete or soil according to ASTM A 641/A 641M.

b.
Epoxy Coated Reinforcement - When specified, provide a Class A coating for welded wire reinforcement embedded in concrete and a Class B coating for welded wire fabric embedded in soil according to ASTM A 884/A 884M.

(3)
Tie Strips - Provide tie strips of steel conforming to the requirements of ASTM A 570/A 570M, Grade 50, or equivalent.

(4)
Loop Embeds - Fabricate 25 mm (1 inch) loop embeds from cold drawn steel wire conforming to AASHTO M 32M/M 32 (ASTM A 82).  Weld loop embeds according to AASHTO M 55M/M 55 (ASTM A 185).  Galvanize loop embeds according to ASTM B 633 or equal.

(5)
Fasteners - Use galvanized high-strength bolts according to 02560.20.

(6)
Connectors - Fabricate connectors from cold drawn steel wire according to AASHTO M 32M/M 32 (ASTM A 82).

00596.16
Geosynthetics596.16 Geosynthetics - Provide geosynthetics according to the following:

(a)
Gabion Wall Filter - Provide Type 2 riprap geotextile according to 02320.

(b)
Precast Concrete Facing Panel Joint Cover - Provide Type 1 drainage geotextile according to 02320.

(c)
Extensible Soil Reinforcements:

(1)
Geotextile - Provide geotextile according to the Special Provisions.

(2)
Geogrid - Provide geogrid according to the Special Provisions.

00596.17
Elastomeric Bearing Pads for Precast Concrete Facing Panels596.17 Elastomeric Bearing Pads for Precast Concrete Facing Panels - In horizontal joints between precast concrete panels, provide either preformed ethylene propylene diene monomer (EPDM) rubber pads conforming to ASTM D 2000, M2AA 810 A13B33C12F17 having a durometer hardness of 80 ( 5, or neoprene elastomeric pads having a durometer hardness of 55 ( 5, or other bearing material as recommended by the supplier, certified by the manufacturer and approved by the Engineer.

00596.18
Timber596.18 Timber - Provide timber according to Section 00570.

00596.19
Piles596.19 Piles - Provide piling according to Section 00520.

Labor

00596.30
Quality Control Personnel596.30 Quality Control Personnel - Provide certified technicians in the following fields:

· CDT
· 
Construction

00596.40
General596.40 General:

(a)
Proprietary Retaining Walls - Provide for a field representative from the selected proprietary retaining wall company to be present at the start of retaining wall construction.  Supervisory personnel of the Contractor, the company field representative, and any subcontractors who are to be involved in the construction of the proprietary retaining wall shall meet with the Engineer for a retaining wall preconstruction conference.  At this conference, discuss methods of accomplishing all phases of the work required to construct the proprietary retaining wall.  If all representatives are not in attendance, the retaining wall preconstruction conference and start of retaining wall construction shall be rescheduled.

In addition to the retaining wall preconstruction conference, the company field representative shall be available as needed during the erection of the proprietary retaining wall to provide instructions and recommendations, and to assist the Contractor or Engineer.  Follow instructions and recommendations of the representative if approved by the Engineer.
(b)
All Retaining Walls - All retaining walls, regardless of design, shall conform to the applicable top of wall profile shown.  Retaining walls detailed in the Agency-provided plans shall conform to the applicable bottom of wall elevations shown for walls without footings, the applicable top of footing elevations for walls with footings, or the applicable top of leveling pad elevations for walls with leveling pads.  Verify existing ground elevations and bottom of wall elevations for proprietary retaining walls prior to final design.

00596.41
Excavation, Backfill, and Compaction Requirements596.41 Excavation, Backfill, and Compaction Requirements:

(a)
General - Perform structure excavation and backfill for all retaining walls according to Section 00510 to the limits and stages shown.

Construct all retaining walls on suitable foundation materials.  Excavate any unsuitable foundation materials below elevations shown and backfill with suitable material as directed.  Grade the foundation for the structure level for a width equal to the width of the footing or the bottom soil reinforcement and facing component thickness, or as shown.  Do not reinforce overexcavated foundations with geosynthetic or similar materials without prior approval.

Do not construct backfill when the backfill, the foundation, or the embankment on which it would be placed is frozen, unstable, or not compacted, unless otherwise directed.  Place backfill material in nearly horizontal layers not more than 200 mm (8 inches) thick or to the top of the facing component if the height of the facing component is less than or equal to 200 mm (8 inches).

Unless otherwise specified, compact the entire surface of each layer in place with a minimum of three coverages, using equipment made specifically for compaction.  Select compaction equipment based on the type of material being compacted and the layer thickness.  Normal compaction equipment consists of sheepsfoot rollers, tamping foot rollers, grid rollers, pneumatic tired rollers, and vibratory rollers.  Routing of hauling and grading equipment will not be accepted as adequate to achieve compaction.

Compact backfill material within 1 m (3 feet) of the backface of the retaining wall using a low mass (weight) mechanical tamper, roller or vibratory system.

Avoid any damage or misalignment of retaining wall components as the backfill is placed.  Remove any wall materials that become damaged during backfill placement and replace at no expense to the Agency.  As directed, correct misaligned units not meeting the limits specified due to backfill placement at no expense to the Agency.

(b)
Testing - Except for backfill material within 1 m (3 feet) of the back face of the retaining wall, test for compaction as follows:

· Moisture and Density - Determine according to AASHTO T 238.

· Optimum Moisture and Maximum Density - Determine as required by AASHTO T 99 Standard Proctor Method A or C, with coarse particle correction (Method D) according to AASHTO T 224.

Meet each of the following moisture content, density and deflection requirements:

· Moisture Content - Prepare material to within -4% to +2% of optimum moisture content at the time of compacting.  Add water to material that does not contain sufficient moisture and 
thoroughly mix as directed.  Remove excess moisture by manipulation, aeration, drainage, or other means before compacting.

· Density:
· Compact MSE granular backfill to 100% of relative maximum density as determined by AASHTO T 99 Standard Proctor Method A or C, with coarse particle correction (Method D) according to AASHTO T 224.

· 
· Where spread footings for bridges or other structures are founded behind free standing retaining walls, including in or on MSE granular backfill material, compact the spread footing foundation zone to 100% of relative maximum density as determined by AASHTO T 99 Standard Proctor Method A or C, with coarse particle correction (Method D) according to AASHTO T 224.  The spread footing foundation zone depth is twice the footing width or 2 m (6 feet) whichever is greater, and extends a horizontal distance equal to the footing width beyond the outside bottom edge of the footing in all directions.  Begin compaction of the backfill material at the backface of the wall or the wall facing component.

· Deflection Requirement - In addition to moisture-density testing, each compacted layer will be observed for deflection or reaction under moving loaded equipment to verify that no soft or pumping areas remain in any layer or foundation soil.  Correct any such areas.

00596.42
Cast-in-Place Concrete Retaining Walls596.42 Cast-in-Place Concrete Retaining Walls:

(a)
Wall Drainage Systems - Construct the retaining wall drainage system according to the applicable sections of 00430 and as shown.  A drainage geotextile is required when using granular drain backfill material.

(b)
ODOT Standard Cast-in-Place Concrete Gravity Retaining Wall - Construct cast-in-place concrete gravity retaining walls according to Sections 00440 and 00530.

(c)
ODOT Standard Cast-in-Place Semi-Gravity (Cantilever) Retaining Wall - Construct cast-in-place concrete semi-gravity retaining walls according to Sections 00530 and 00540.

00596.43
Gabion Retaining Walls596.43 Gabion Retaining Walls - Erect gabion retaining walls according to the Agency-provided plans and approved working drawings, if applicable, and the company’s field construction manual as approved, supplemented and modified as follows:

(a)
General - Select and use the same style of mesh for the gabion panel bases, ends, sides, diaphragms, and lids; the same method of joining the edges of a single gabion unit; and the same method of tying successive gabion units together throughout each structure.

If the height of the constructed gabion wall is less than 95% of the design height, add additional gabion baskets as directed to attain the design height, at no expense to the Agency.

Place riprap geotextile according to Section 00350 and the following:

· Minimum overlap shall be 300 mm (12 inches).

· Place riprap geotextile against the back of the gabion wall before placing backfill material.

(b)
Assembly - Assemble each style of gabion by rotating the panels into position and joining the vertical edges with tie wire or alternate fasteners.

If twisted wire panels are tied with tie wire, join the selvage vertical edges with alternating single and double loops at 100 mm (4 inch) nominal spacing.

If welded wire panels are tied with tie wire, pass the tie wire through each mesh opening along the vertical edges joint and secure with a half hitch locked loop.

Leave no openings greater than 120 mm (4 3/4 inches) (line dimension) along the edges or at corners of tied or spiral bound gabions of either mesh style.  Crimp the edges of spiral binding wire to secure the spiral in place.

If high tensile fasteners are used in lieu of tie wire, install one fastener in each mesh opening according to the manufacturer’s recommendations.

(c)
Placement - Set the empty gabions in place and connect each gabion to the adjacent gabion along the top and vertical edges with tie wire or spiral binders.  Connect each layer of gabions to the underlying layer along the front, back and sides with tie wire or spiral binders in the same manner as specified for assembly of baskets.  Common wall construction will not be allowed.

Before filling each gabion with rock, remove all kinks and folds in the wire fabric and properly align all baskets.  Remove all temporary clips and fasteners.  The assembled gabion baskets may be placed in tension before filling.

(d)
Filling - Carefully place the rock by hand or machine to insure proper alignment, avoiding bulges and assuring a minimum of voids.  All exposed rock surfaces shall have a smooth, neat appearance with no sharp edges projecting through the wire mesh.

Place the rock in layers to allow placement of internal connecting wires in each outside cell of the structure or when directed by the Engineer at the following intervals:

· None required for 0.3 m (1 foot) high baskets

· At the 1/2 point for 0.5 m (1 1/2 foot) high baskets

· At 1/3 points for 1 m (3 foot) high baskets

Completely fill the basket so the lid will bear on the rock when it is closed.  Secure the lid to the sides, ends, and diaphragms with tie wire or spiral binders in the same manner as specified for assembly of baskets.

(e)
Repairs - During construction, repair and secure any breakage of the wire mesh that results in mesh or joint openings larger than 120 mm (4 3/4 inches) (line dimension).  Make repairs using 2.18 mm (13 1/2 gage) galvanized tie wire as directed.

Repair any damage to PVC wire coating in a manner that provides the same degree of corrosion resistance as the undamaged wire, according to the manufacturer's recommended repair procedures and as approved.

00596.44
Prefabricated Modular Retaining Walls596.44 Prefabricated Modular Retaining Walls - Erect retaining wall components according to the Agency-provided plans and approved working drawings, if applicable, and the company’s field construction manual as approved, supplemented and modified as follows:

(a)
Metal Bin Retaining Walls - Concurrently with the assembly of the bins, backfill within and around the bins of the assembled wall to the limits shown.  Keep the backfill around the outside approximately
 level with the inside fill.  Exercise care to completely fill the depressions of stringers and spacers, and compact without displacing them from line and batter.

(b)
Prefabricated Modular Concrete Blocks:

(1)
Leveling Pad - Construct a gravel leveling pad at each foundation level as shown.  Compact gravel leveling pads according to 00596.41(b).

(2)
Block Installation and Backfill Placement - Place blocks as shown.  Blocks should typically be placed in a running bond pattern unless placed perpendicular to the face of the wall.  Place blocks so the final position is battered as shown.  Place the first course of blocks on top of and in full contact with the prepared leveling pad surface.  Closely follow erection of each course of blocks with placement of Granular Wall Backfill material.  Remove excess backfill from the top of the blocks prior to installing the next course of blocks.

(3)
Construction Tolerances - During construction of the wall and placement of blocks maintain a vertical tolerance and tangent horizontal alignment tolerance not in excess of 30 mm (1 1/4 inch) when measured with a 3 m (10 foot) straightedge.  Check the plumbness and tolerances of each course of blocks before erecting the next course.

00596.45
Conventional Segmental Retaining Walls596.45 Conventional Segmental Retaining Walls - Erect retaining wall components according to the Agency-provided plans and approved working drawings, if applicable, and the company’s field construction manual as approved, supplemented and modified as follows:

(a)
Leveling Pad - Construct a gravel or unreinforced cast-in-place concrete leveling pad at each foundation level as shown.  Compact gravel leveling pads according to 00596.41(b).  Cure cast-in-place leveling pads for a minimum of 12 hours before placing the segmental retaining wall units.

(b)
Segmental Unit Installation and Backfill Placement - Place segmental retaining wall units so the final position is battered as shown.  Place the first course of segmental units on top of and in full contact with the prepared leveling pad surface.  If applicable, install shear connectors and place unit fill.  Closely follow erection of each course of segmental units with placement of granular wall backfill material.  Remove excess backfill from the top of the segmental units prior to installing the next course of units.  Glue the uppermost row of segmental units or caps to underlying units with an adhesive recommended by the manufacturer.  For walls in which the manufacturer does not provide an adhesive for this purpose use an epoxy adhesive from the QPL.  Clean the completed wall face of foreign material deposits on exposed horizontal portions of the segmental units.

(c)
Construction Tolerances - During construction of the wall and placement of segmental retaining wall units maintain a vertical tolerance and tangent horizontal alignment tolerance not in excess of 30 mm (1 1/4 inch) when measured with a 3 m (10 foot) straightedge.  Check the plumbness and tolerances of each course of segmental retaining wall units before erecting the next course.

00596.46
MSE Retaining Walls596.46 MSE Retaining Walls - Erect retaining wall components according to the Agency‑provided plans and approved working drawings, if applicable, and the company’s field construction manual as approved, supplemented and modified as follows:

(a)
Leveling Pad:

(1)
Precast Concrete Facing Panels - Provide a precast concrete leveling pad, or construct an unreinforced cast-in-place concrete leveling pad at each facing panel foundation level as shown.  Place precast concrete leveling pads in full contact with the foundation.  Cure cast-in-place leveling pads for a minimum of 12 hours before placing the wall facing panels.

(2)
Segmental Retaining Wall Units - Construct a gravel or unreinforced cast-in-place concrete leveling pad at each facing unit foundation level as shown.  Compact gravel leveling pads according to 00596.41(b).  Cure cast-in-place leveling pads for a minimum of 12 hours before placing the segmental retaining wall units.

(b)
Facing Components - Place facing components so the final position is vertical or battered as shown.  Place the first course of facing components on top of and in full contact with the prepared leveling pad surface.  As backfill placement proceeds place the facing components and applicable hardware in successive horizontal courses in the sequence shown.
(1)
Precast Concrete Facing Panels - Erect precast panels using the lifting devices connected to the upper edge of the panel.  Attach geotextile joint cover as shown to the rear of the facing panels with an approved adhesive recommended by the company..  Use a minimum 300 mm (12 inch) wide geotextile with a minimum overlap of 100 mm (4 inches).  Maintain the panels in position by means of temporary wedges or bracing according to the company’s recommendations.

(2)
Wire Facing Components - Attach soil retention material as shown to the rear of the facing component as recommended by the company and as approved.

(3)
Segmental Retaining Wall Units - If applicable, install shear connectors and place unit fill.  Remove excess backfill from the top of the segmental retaining wall units prior to installing the next course of units and/or soil reinforcements.  Glue the uppermost row of segmental retaining wall units or caps to underlying units with an adhesive recommended by the company.  On walls for which the company does not provide an adhesive for this purpose, use an epoxy adhesive from the QPL. Clean the completed wall face of foreign material deposits on exposed horizontal portions of the segmental units.

(c)
Soil Reinforcement Components - Before placing the soil reinforcement components, compact the foundation according to 00596.41.  If skewing of the soil reinforcements is required due to obstructions in the reinforced volume, submit design computations to the Engineer justifying the effect of skewing on the performance of the soil reinforcements.

(1)
Inextensible Soil Reinforcement Components - Place the soil reinforcement components normal to the face of the wall unless otherwise shown or directed.  Repair damaged galvanized or epoxy-coated components before placing backfill material, to provide a coating comparable to that provided by 02530.70 or AASHTO M 284/M 284M (ASTM A 775/A 775M), respectively.

(2)
Extensible Soil Reinforcement Components - Orient geosynthetic reinforcements with the highest strength axis normal to the face of the wall unless otherwise shown or directed.  Prior to placing backfill, pull geosynthetic reinforcements taut, and anchor them.  Geosynthetic reinforcements shall be continuous throughout their embedment lengths.  Spliced connections will not be allowed.

a.
Non-Proprietary Geosynthetic Wrapped-Face Retaining Walls - Construct geosynthetic wrapped-face retaining walls according to 00350.20, 00350.40 and 00350.41 supplemented as follows:

1.
General - Begin wall construction at the lowest portion of the excavation and place each layer horizontally as shown.  Complete each layer in its entirety before the next layer is started.  Seams will be allowed only at the wall face.  Either overlap geotextile sheets 600 mm (24 inches) minimum and perpendicular to the wall face, or sew seams parallel to the wall face according to 00350.41(a-3).  Stretch the geotextile in a direction perpendicular to the wall face to eliminate slack before backfilling.

2.
Wall Forming - Use a temporary form system at the wall face during construction.  A typical temporary form system and a sequence of wall construction required will be shown.  Use pegs, pins, or the manufacturer’s recommended method as approved, in combination with the forming system, to hold the geotextile in place until the cover material is placed.

(d)
Backfill Placement - Closely follow erection of each course of facing components with placement of MSE granular backfill material.  Construct adjacent general embankment layers at the same time the MSE layers are constructed.  

Do not operate tracked or rubber tired construction equipment directly upon geosynthetic reinforcement.  A minimum fill thickness of 150 mm (6 inches) is required prior to operation of tracked vehicles over geosynthetic reinforcement.  Avoid sudden braking and sharp turning movements.

At the end of each day, if rain is anticipated, slope the MSE granular backfill away from the MSE retaining wall face to direct surface runoff away from the wall.  Do not allow surface runoff from adjacent areas to enter the MSE retaining wall construction site.

(e)
Construction Tolerances - During construction of walls and placement of facing components, maintain the following tolerances:

(1)
Precast Concrete Facing Panels:

· Vertical tolerances and tangent horizontal alignment tolerances along the wall line shall not exceed 20 mm (3/4 inch) when measured with a 3 m (10 foot) straightedge.

· Maximum allowable offset in any facing component joint shall be 20 mm (3/4 inch).

· Horizontal, vertical and sloped joint openings between components shall be uniform, no larger than 30 mm (1 1/4 inch), and no smaller than 15 mm (5/8 inch).

(2)
Wire Facing Components:

· Vertical tolerances and tangent horizontal alignment tolerances along the wall line shall not exceed 50 mm (2 inches) when measured with a 3 m (10 foot) straightedge.

(3)
Cast-in-Place Concrete Facades:
· Vertical tolerances and tangent horizontal alignment tolerances along the wall line shall not exceed 20 mm (3/4 inch) when measured with a 3 m (10 foot) straightedge.

(4)
Segmental Retaining Wall Units:

· Vertical tolerance and tangent horizontal alignment tolerance shall not exceed 30 mm (1 1/4 inch) when measured with a 3 m (10 foot) straightedge.

Check the plumbness and tolerances of each course of facing components before erecting the next course.

Measurement

00596.80
General596.80 General - Retaining walls will be measured on the area basis and will be the area shown, in a vertical plane, for each retaining wall constructed and accepted.  Field measurement of each retaining wall area will not be required.  The quantity will be the theoretical area shown in the Schedule of Items for each retaining wall unless changes are ordered in writing by the Engineer.  If changes are ordered, an adjustment will be made only for the quantity difference involved in the ordered plan changes.

No separate measurement will be made for excavation, shoring, footings, leveling pads, or specified backfill.

Excavation below elevations shown will be measured according to 00510.84.

The estimated quantities of materials are listed in the Special Provisions.

Type ‘F’ coping will be measured on the length basis from end to end of coping.

Sidewalk coping will be measured on the area basis from end to end and from top of curb to exterior edge of coping.

Payment

00596.90
General596.90 General - Payment for each retaining wall will be made at the Contract unit price per m2 (square foot) for the following pay items:


(a)
Retaining Wall, Cast-In-Place Concrete 


(b)
Retaining Wall, Gabion 


(c)
Retaining Wall, Prefabricated Modular 


(d)
Retaining Wall, Conventional Segmental


(e)
Retaining Wall, MSE


(f)
Retaining Wall, Contractor’s Option

Options included in item (f), consisting of two or more wall types that would generally be paid individually under items (a) through (e), will be listed in the Special Provisions.

Payment will be made for the quantity shown in the Schedule of Items unless plan changes are ordered in writing by the Engineer.

No separate payment will be made for excavation, shoring, footings, leveling pads, or specified backfill.

Excavation below elevations shown and backfill will be paid according to 00510.94.

Payment for Type ‘F’ coping will be made at the Contract unit price per meter (foot) for the pay item "Type ‘F’ Coping".  No separate payment will be made for reinforcing steel and concrete.

Payment for sidewalk coping will be made at the Contract unit price per m2 (square foot) for the pay item "Sidewalk Coping".  No separate payment will be made for reinforcing steel and concrete.

Payment will be payment in full for furnishing and placing all materials, and for furnishing all equipment, labor, technical representatives, and incidentals necessary to complete the work as specified.

Wall drainage and/or filter systems, including perforated pipe, drain material, geotextile, and drain pipe; cast-in-place or precast Standard Coping, including reinforcing steel and concrete; and other appurtenances that are not covered by other pay items under the Contract, will be incidental and included in payment made for the retaining wall.

