LOWE’S OF WESTLAKE, FL.		11/2017
[bookmark: _GoBack]SECTION 02800 – 	MECHANICALLY-STABILIZED EARTH RETENTION STRUCTURES WITH GEOSYNTHETIC REINFORCEMENT 
GENERAL
RELATED DOCUMENTS
Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 2 apply to this Section.
SUMMARY
This Section includes the following:
Mechanically-Stabilized Earth Retention Structures with Geosynthetic Reinforcement.
Work:
Work shall consist of furnishing all materials, labor, equipment, and supervision for construction of a Mechanically-Stabilized Earth (MSE) retention structure in accordance with these specifications and in reasonably close conformity with the lines, grades, design and dimensions shown on the drawings or as established by the Owner.
This specification applies to MSE structures that are reinforced with geosynthetics and which use either modular block units or Welded Wire Fabric (WWF) “basket” facing systems.  Use of any other type of facing system for a geosynthetic-reinforced earth retention structure is not addressed by this specification and shall require the prior approval of the Owner.
For the purposes of this specification, a Reinforced Soil Slope (RSS) is defined as an MSE earth retention structure with a batter greater than 20 degrees as measured from the vertical plane.  Any other 
MSE earth retention structure is designated as a retaining wall.
This specification applies to MSE structures with a total maximum height of 45 feet and less.  MSE structures with a total height exceeding 45 feet are not addressed by this specification and shall require written approval by the Owner.
All MSE structure applications are subject to the review and approval of the Owner.
Related Sections include the following:
Lowe’s Design and Development Criteria Sections 200 and 600.
Division 2 Section "Earthwork" for excavation and compacted subgrade.
Division 2 Section "Site Chain Link Fences and Gates".
Division 2 Section “Storm Utility Drainage Piping”
REFERENCE STANDARDS
General: 	Where specification and reference documents conflict, the Owner and design engineer will make the final determination of the applicable document.
Design:
Minimum Design Loads for Buildings and Other Structures – ASCE Standard ASCE/SEI 7-10.
International Building Code (2012 edition).
FHWA-NHI-10-024 and FHWA-NHI-10-025 – Mechanically Stabilized Earth Wall and Reinforced Soil Slopes Design and Construction Guidelines – Volumes I and II;
National Concrete Masonry Association’s Design Manual for Segmental Retaining Walls, (2nd Edition);
National Concrete Masonry Association’s Segmental Retaining Wall Drainage Manual;
Modular Block Units:
ASTM C140 – Testing Methods of Sampling and Testing Concrete Masonry Units;
ASTM C1262 – Standard Test Method for Evaluating the Freeze-Thaw Durability of Manufactured Concrete Masonry Units and Related Concrete Units;
ASTM C1372 – Specification for Segmental Retaining Wall Units;
ASTM D6638 – Standard Test Method for Determining Connection Strength Between Geosynthetic Reinforcement and Segmental Concrete Units (Modular Concrete Blocks)
ASTM D6916 – Standard Test Method for Determining the Shear Strength Between Segmental Concrete Units (Modular Concrete Blocks).

Welded Wire Fabric
ASTM A82 – Standard Specification for Steel Wire, Plain, for Concrete Reinforcement;
ASTM A123 – Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron and Steel Products; and
ASTM A185 – Standard Specification for Steel Welded Wire Reinforcement, Plain, for Concrete.
Geosynthetics
AASHTO M288-06 Geotextile Specification for Highway Applications;
ASTM D4354 – Practice for Sampling of Geosynthetics for Testing;
ASTM D4595 – Test Method for Tensile Properties of Geotextiles by the Wide-Width Strip Method;
ASTM D4759 – Practice for Determining Specification Conformance of Geosynthetics;
ASTM D4873 – Guide for Identification, Storage, and Handling of Geotextiles;
ASTM D5262 – Test Method for Evaluating the Unconfined Creep Behavior of Geosynthetics;
ASTM D5321 – Standard Test Method for Determining the Coefficient of Soil and Geosynthetic or Geosynthetic and Geosynthetic Friction by the Direct Shear Method;
ASTM D5818 – Practice for Obtaining Samples of Geosynthetics from a Test Section for Assessment of Installation Damage;
ASTM D6637 – Standard Test Method for Determining Tensile Properties of Geogrids by the Single or Multi-Rib Tensile Method; and
ASTM D6706 – Standard Test Method for Measuring Geosynthetic Pullout Resistance in Soil; and
ASTM D6992 – Standard Test Method for Accelerated Tensile Creep and Creep-Rupture of Geosynthetic Materials Based on Time-Temperature Superposition Using the Stepped Isothermal Method.
Soils
AASHTO T-104 – Standard Method of Test for Soundness of Aggregate by Use of Sodium Sulfate or Magnesium Sulfate
AASHTO T-267 – Standard Method of Test for Determination of Organic Content in Soils by Loss of Ignition;
AASHTO T-289 – Determining pH of Soil for Use in Corrosion Testing;
ASTM D422 – Test Method for Particle-Size Analysis of Soils;
ASTM D698 – Test Method for Laboratory Compaction Characteristics of Soil Using Standard Effort;
ASTM D1557 – Test Method for Laboratory Compaction Characteristics of Soil Using Modified Effort;
ASTM D2487 – Test Method for Classification of Soils for Engineering Purposes (Unified Soil Classification System);
ASTM D3080 – Test Method for Direct Shear Test of Soils Under Consolidated Drained Conditions;
ASTM D4318 – Standard Test Method for Liquid Limit, Plastic Limit, and Plasticity Index of Soils;
ASTM D4767 – Test Method for Consolidated-Undrained Triaxial Compression Test on Cohesive Soils; and
ASTM D4972 – Standard Test Method for pH of Soils.
Drainage Pipe
ASTM D3034 – Standard Specification for Type PSM Poly (Vinyl Chloride) (PVC) Sewer Pipe and Fittings; and
ASTM F405 – Standard Specification for Corrugated Polyethylene (PE) Pipe and Fittings
SUBMITTALS
Product Data:  At the time of bid, the General Contractor shall submit technical specifications and product data from the manufacturer’s for the following:
Geosynthetic Reinforcement.
Facing System.
Drainage Pipe.
Drainage Composite.
Geotextile Filter
If Modular Block is used, material tests specified in Part 2.01 of this specification prior to wall construction
Qualification Data Submittal:  Per Part 1.05(A) 

Design Submittal.
If Owner furnishes construction drawings for the MSE, no design submittal is required by the General Contractor.
If the General Contractor is to furnish construction drawings for the MSE, drawings shall be submitted to the Owner at least 45 days prior to ordering MSE structure materials.
If the General Contractor or Developer is to furnish construction drawings for the MSE, three (3) sets of drawings shall be submitted to the Owner for review and approval. The submittal shall include the following:
Signed, sealed and dated drawings and calculations prepared in accordance with Lowe’s Design and Development Criteria (LDDC).
Statement of DEOR experience and documentation as specified in Part 1.05.
DEOR certificates of insurance.
Samples for Initial Selection:  For the following:
Facing System.
Modular Block (if used)
WWF (if used)
Samples for Verification:
Full-size units of Facing System and Modular Block
Geosynthetic Reinforcement
Geotextile Filter
QUALITY ASSURANCE
Retaining Wall Design Engineer of Record Qualifications: 
Experience/Qualifications:
The MSE structure Design Engineer of Record (DEOR) shall be licensed in the state or province where the project is located.
The DEOR shall be independently capable of performing all internal and external stability analyses, including those for compound and global failure.
The DEOR shall provide documentation to verify at minimum 40,000 square feet of MSE structure during each of the preceding five years; 100,000 square feet of MSE structures with the proposed facing system type; and, 20,000 square feet of the specified modular block.
Documentation required shall include project name and location; date of design; contact information for client; type of MSE facing system; specified modular block, maximum MSE structure height; and, face area of each MSE structure.
The Owner reserves the right to reject the design services of engineers who, in the sole opinion of the Owner, do not possess the required engineering capability.

Installer Qualifications:  The MSE Contractor shall document compliance with the following:
Experience:  
Construction of no less than 500,000 square feet of MSE structures within the five-year-period that precedes the project.
Construction experience with a minimum 100,000 square feet of MSE structures with the proposed facing system (i.e. modular block or WWF)
Construction of five (5) MSE structures with heights that are comparable (within 4 feet) to that proposed; and,
Construction of at least 100,000 square feet of the modular block system proposed within the past two years.
Experience documentation to include:
Project name and location.
Date of construction.
Contact information of Owner or General Contractor.
Type of MSE facing system used and if modular block provide type
Maximum MSE structure height constructed.
Face area of MSE structure.
License: Installer shall be a Licensed Contractor in the state where the project is located (if applicable in location where project is located).
General Contractor- Furnished MSE Structure Design: Where the General Contractor is to furnish a design submittal for the Owner’s review and approval, the DEOR shall meet the requirements stated in 1.05 A above:
QUALITY CONTROL
The Owner shall review all submittals for materials, design, DEOR qualifications and MSE structure Contractor qualifications
The Owner shall appoint, at its cost, an Inspection Engineer to perform inspection and testing.  The Inspection Engineer shall be a Registered Professional Engineer who is experienced with the construction of MSE structures. 
The Inspection Engineer shall perform the following:
Inspect the construction of the MSE structure for conformance with construction drawings and the requirements of this section.
Verify soil installed in the reinforced soil zone conforms specification found in 2.04 or as specified on the construction drawings.
Verify fill soil installed in retained and foundation zones exhibits shear strength specified by the DEOR.
Verify shear strength of insitu soil assumed by DEOR is appropriate.
Inspect and document soil compaction in accordance with these specifications:
Required dry unit weight;
Actual dry unit weight;
Allowable moisture content;
Actual moisture content;
Pass/fail assessment;
Test location station number (refer to elevation view of MSE structure);
Test elevation; and
Distance of test location behind MSE structure face.
Insure that excavated slopes are bench-cut;
Notify the MSE structure Contractor of deficiencies and provide Contractor with opportunity to repair;
Notify General Contractor and Owner of any deficiency that has not been corrected; and 
Document inspection results with the MSE Wall Inspection Checklist included at the end of this section.
Owner’s engagement of Inspection Engineer does not relieve MSE Contractor of responsibility to erect the MSE structure in accordance with construction drawings and these Specifications
Compacted density and moisture content of soil in the reinforced soil zone shall be tested in accordance with the following:
At least once per every 1000 square feet (in plan) per 8-inch-thick vertical lift; and
At least once per every 2 feet of vertical MSE structure erection.
The MSE structure Contractor, General Contractor, and Inspection Engineer shall provide a written and notarized certification to the Owner that states that the MSE structure has been constructed in accordance with the approved construction drawings and these Specifications.
WARRANTY:
MSE structure Contractors shall be required to provide a five (5) year labor warranty on each Lowe’s project.  This labor warranty is in addition to a ten (10) year product warranty provided by the modular block unit manufacturer.  All invoices indicating purchase and delivery of material to the project site shall be submitted to the modular block unit manufacturer for warranty purposes.  Furnish the Owner a written warranty signed by an officer of the modular block unit manufacturer and a written warranty from the MSE structure Contractor.  All warranties shall start at construction completion date
PRE-CONSTRUCTION MEETING
The Owner reserves the right to require a pre-construction meeting.  The Owner will determine the location and agenda of the meeting.
If a pre-construction meeting is required, the General Contractor shall be responsible for its arrangement.  Required attendance shall include the General Contractor, DEOR, Wall/RSS Contractor, Grading Contractor, the Inspection Engineer and the Inspection Engineer's Technician.  The General Contractor shall provide notification to all required attendees at least 14 days prior to the meeting.
Pre-Construction Meeting Agenda:
DEOR to explain all aspects of the MSE structure construction drawings;
DEOR to explain the required bearing capacity of soil below the MSE structure to  the Inspection Engineer;
DEOR to explain the required shear strength of fill soil in the retained and foundation zones to the Inspection Engineer;
DEOR to explain the shear strength of in-situ soil assumed by the DEOR to the Inspection Engineer;
DEOR to explain any measures that are required to coordinate the installation of utilities or other obstruction in the reinforced zone.
DELIVERY, STORAGE, AND HANDLING
The MSE structure Contractor shall inspect the materials upon delivery to assure that proper type, grade, and color material has been received
The MSE structure Contractor shall store and handle all materials in accordance with manufacturer's recommendations, as specified herein and in a manner that prevents deterioration or damage due to moisture, temperature changes, contaminants, corrosion, breaking, chipping, UV exposure or other causes.
The MSE structure Contractor shall protect the materials from damage.  Damaged material shall not be installed in the MSE structure.
Geosynthetics
All geosynthetics shall be handled in accordance with ASTM D4873.  Materials shall be stored off the ground and protected from precipitation, sunlight, dirt, and damage.  
Geosynthetic reinforcement shall be marked in such a manner as to make the style of the material readily identifiable to both the construction crew and the Inspection Engineer after the manufacturer’s packaging is removed.
PROJECT DESIGN
The MSE structure DEOR shall coordinate project design with project Civil Engineer, project Geotechnical Engineer and Owner.
A. If engaged by the Owner, or if engaged by the General Contractor, the MSE DEOR shall provide the Owner a certificate of professional liability insurance to verify the following amounts of coverage:
Professional Liability Insurance - $2 million per claim with $2 million general aggregate.
Commercial General Liability - $2 million per occurrence with $4 million general aggregate. Josh - can you verify general and auto requirements
Automotive Liability
Bodily Injury - $1 million each occurrence
Property Damage - $1 million each occurrence
General Aggregate - $2 million
The DEOR shall be furnished the information required to perform the design in accordance with this section, including the following:
the most current version of the site, grading, drainage, utility, erosion control, landscape, and irrigation plans;
the electronic CAD file;
the report of geotechnical investigation and all relevant supplemental reports;
the Geotechnical Engineer’s recommendation for effective shear strength and total shear strength (as applicable) parameters for in situ soils at the MSE structure and soil that may potentially be used as fill soil in the reinforced, retained, and foundation zones.
SAFETY FENCE
A minimum six (6) foot high fence shall be installed along the top of the MSE Structure for all walls over three (3) feet-six (6) inches in height.  Fence shall meet Section 02821 Chain Link Fences and Gates in addition to any regulatory authorities having jurisdiction, or architectural requirements, unless otherwise indicated on the drawings.
PROJECT CONDITIONS
The Contractor shall inspect on-site grades and conditions prior to construction.  The Owner and DEOR shall be notified immediately if on-site conditions differ from those upon which the wall design is based.
The Inspection Engineer shall verify that the in situ soil shear strengths assumed by the DEOR are adequately conservative.
PRODUCTS
MODULAR BLOCK RETAINING WALL UNITS
Manufacturer Experience – All units for a given project shall be obtained from a single manufacturer.  Manufacturer shall have a minimum of 1 year experience and shall have produced at least 100,000 square feet of the units.
Modular block retaining wall and cap units shall satisfy the criteria of ASTM C1372 except as follows:
Wall and cap units shall exhibit a minimum 28-day compressive strength of 4000 psi.  
Unit dimensions shall not differ more than ±1/8 inch except height.  The height of units shall not differ more than ±1/16 inch from the manufacturer’s and DEOR’s specified dimensions and other units shipped to the job site, as measured in accordance with ASTM C140.
A report of test results that demonstrate compliance with ASTM C1372 shall be included in the General Contractor’s submittal.  The testing shall have been performed within the preceding 120 days of block delivery.
Freeze-thaw durability
Freeze-thaw durability of wall and cap units shall be evaluated in accordance with ASTM C1372.
A report of test results that demonstrates compliance with ASTM C1372 shall be included in the General Contractor’s submittal.  The testing shall have been performed within the preceding 24 months.
Inter-block shear properties of modular blocks shall be evaluated in accordance with ASTM D6916.
Connection strength between modular block units and geosynthetic reinforcement shall be evaluated in accordance with ASTM D6638.
All units shall be sound and free of cracks or other defects that would interfere with the proper installation of the unit, impair the strength or permanence of wall construction or create an unsatisfactorily appearance as determined by the Owner.  Cracks or chips observed during construction shall be within the guidelines outlined in ASTM C1372.
Unit-to-unit setback shall correspond to a batter no less than 4 degrees as measured from the vertical plane.
Modular block system are approved for use as follows:

	Manufacturer
	System
	Maximum Total Wall Height

	
	
	25 ft
	35 ft
	45 ft

	Anchor
	Diamond Pro
	yes
	yes
	no

	
	Diamond Pro Stonecut1
	yes
	yes
	no

	
	Landmark
	yes
	yes
	yes

	
	Vertica
	yes
	no
	no

	
	Vertica Pro
	yes
	yes
	no

	Cornerstone
	Cornerstone 1002
	yes
	no
	no

	Keystone 
	Compac, Compac II, Compac III
	yes
	yes
	no

	
	Standard
	yes
	yes
	yes

	Redi-Rock
	41” Gravity3
	Note 3
	no
	no

	
	60” Gravity3
	Note 3
	no
	no

	
	PC System
	yes
	yes
	yes

	RidgeRock
	RidgeRock PLUS4
	yes
	no
	no

	Tensar
	Mesa5
	yes
	yes
	yes

	Versa-Lok
	Standard
	yes
	no
	no

	
	Square Foot 
	yes
	yes
	no

	ReCon
	MSE ReCon Blocks with StrataSystem geogrid SG 350 and SG550 – Gravity6
	yes
	no
	no 



Note 1 – Only the 18”x8”x12” deep Diamond Pro Stonecut unit may be used.
Note 2 – The Positive Connector shall be used with the Cornerstone 100 unit for wall heights greater than 15 feet.
Note 3 – Maximum gravity wall height based on site conditions and applicable factors of safety. 
Note 4 - The PLUS connector shall be used with the RidgeRock PLUS unit for wall heights greater than 15 feet.
Note 5 - Only Tensar UXxx00MSE-style geogrids shall be used.
Note 6 – ReCon may be used in gravity wall applications that are designed in accordance with the National Concrete Masonry Association’s Design Manual for Segmental Retaining Walls (2nd edition).
If the Owner furnishes construction drawings for the modular block retaining wall, then the base bid shall include the specified block system.  An alternate bid may be submitted in addition to the base bid.  However, the alternate bid must comprise a modular block system from the approved list.
The Owner reserves the right to reject any approved modular block system based on specific project concerns or site conditions.
WELDED WIRE FABRIC
Welded wire fabric shall be used only for MSE applications where the batter of the structure’s face is 18 degrees or more as measured from a vertical plane.
Welded wire fabric may be used as a component of the MSE structure facing system only if the face is to be vegetated or where fill immediately behind the WWF will comprise rock.  Other applications of WWF as a structure’s face shall require the prior approval of the Owner.
Physical Properties
WWF and struts shall be fabricated of steel wire that satisfies the criteria of ASTM A82.
The WWF and struts shall satisfy the criteria of ASTM A185.
WWF and struts shall be zinc-coated (hot-dip galvanized) in accordance with the requirements of ASTM A123.
Minimum wire diameter of WWF and struts is 0.2043 inches (Gauge No. 4).  The maximum distance between WWF wires is 4.0 inches (i.e. W-Number 4x4-W4.0/W4.0).  DEOR shall specify WWF and struts with greater wire diameter and smaller apertures if indicated by stability analyses.
WWF shall comprise L-shaped “baskets” with a maximum width and height of 18 inches.
GEOSYNTHETIC EARTH REINFORCEMENT
Geosynthetic reinforcement may comprise geotextiles or geogrids manufactured from polyester (PET) or high-density polyethylene (HDPE).
Geosynthetic reinforcement shall have been evaluated by AASHTO’s National Transportation Product Evaluation Program (NTPEP) within the preceding 5 years. The results of that evaluation shall serve as the basis for the geosynthetic reinforcement properties used for the MSE structure design.
The ultimate tensile strength (TULT) of geosynthetic reinforcement shall be measured in accordance with ASTM D4595 or ASTM D6637.
Geosynthetic-Soil Friction Properties
Coefficient of soil-geosynthetic-soil interaction for evaluation of pullout resistance shall be measured in accordance with ASTM D6706.
Coefficient of direct sliding (CDS) shall be measured in accordance with ASTM D5321.
 The geosynthetic pullout and interface shear characteristics shall be assessed in accordance with Section 3.4 of FHWA NHI-10-024.
Long-Term Tensile Strength – long-term tensile strength (Tal) of geosynthetic reinforcement shall be calculated in accordance with Section 3.5.2 of FHWA NHI-010-024, and as provided below.
The creep reduction factor (RFCR) shall be determined in accordance with Appendix B of FHWA NHI-10-024.
Minimum installation damage reduction factor (RFID) shall be 1.05.  Value of RFID shall be based on documented full-scale tests in a soil that shall be comparable to the soil proposed for the MSE structure.
Minimum durability reduction factor (RFD) shall be 1.1. Overall factor of safety (FS) shall be 1.5 for all MSE structures.
The value of Tal shall be 1,100 lb/ft or greater.
Polyester Reinforcement
Reinforcement manufactured from PET shall exhibit an average molecular weight greater than 25,000 (Mn > 25,000) and a carboxyl end group less than 30 (CEG<30).  Reinforcement that comprises PET is limited to use in soil that exhibits a pH between 3 and 9 (3<pH<9) 
Reinforcement manufactured from PET shall not be used in applications where it is inserted in precast concrete panels or blocks.
High-Density Polyethylene Reinforcement – HDPE geogrid reinforcement manufactured using a punch and draw process may not be compatible with most of the modular blocks currently approved by the Owner because the geogrid can create point loads that result in block cracks.  Therefore, HDPE geogrids shall not be used with any modular block other than the Tensar Mesa Standard unit.
REINFORCED SOIL FILL
MSE Retaining Wall 

Particle-Size Distribution (ASTM D422)
	U.S. Standard Sieve Size
	Percent Passing

	1.5 inch
	100

	No. 4
	20-100

	No. 40
	0-60

	No. 200
	0-35



Plasticity Index – PI<10 (ASTM D4318).
Organic Content - <1% (AASHTO T-267).
If PET geosynthetic is used then 3<pH<9 (ASTM D4972).
If HDPE geosynthetic is used then pH>3 (ASTM D4972).
Shear Strength – the effective angle of internal friction shall be at least 30 degrees.
Soundness – soil shall exhibit a magnesium sulfate soundness loss of less than 30 percent after four cycles, or a sodium sulfate value of less than 15 percent after five cycles, as measured in accordance with AASHTO T-104.
Geosynthetic Reinforced Soil Slope

Particle-Size Distribution (ASTM D422)
	U.S. Standard Sieve Size
	Percent Passing

	2 inch
	100

	No. 4
	20-100

	No. 40
	0-60

	No. 200
	0-50



Plasticity Index – PI<20 (ASTM D4318).
If PET geosynthetic is used then 3<pH<9.
If HDPE geosynthetic is used then pH>3.
Shear Strength – the effective angle of internal friction shall be at least 30 degrees.
Soundness – the soil shall exhibit a magnesium sulfate soundness loss of less than 30 percent after four cycles, or a sodium sulfate value of less than 15 percent after five cycles, as measured in accordance with AASHTO T-104.
Reinforced fill soil for MSE structures where PET geosynthetic reinforcement is used shall not comprise crushed or recycled concrete.
Reinforced fill soil for all MSE structures shall not comprise shale, recycled asphalt, or any other type of material that has a tendency to degrade, creep or experience a loss of shear strength over time.
GEOTEXTILE FILTER
Geotextiles used for separation and stabilization applications shall be specified in accordance with current AASHTO M288.
Geotextiles used in filter applications shall comprise needle-punched nonwoven or woven monofilament polypropylene material.  The physical and hydraulic properties of geotextile filters shall be specified in accordance with AASHTO M288.
MODULAR BLOCK UNIT CORE FILL
Granular fill soil shall be placed within all modular block units that are manufactured with a hollow core that penetrates both the top and bottom of the unit.
Modular block unit fill shall satisfy ASTM D2487 criteria for classification as Well-Graded (GW) or Poorly-Graded (GP) with a maximum particle size of 1.5 inch.
LEVELING PAD
A leveling pad shall be installed below the face of MSE retaining walls with a modular block face.  
The leveling pad may comprise gravel that satisfies ASTM D2487 criteria for classification as Well-Graded (GW) or Poorly-Graded (GP).  It may also comprise concrete that satisfies criteria for Class B as defined in AASHTO Division II, Section 8.1.2.
DRAINAGE 
Drainage Gravel:
Gravel used in drainage applications of all MSE structures shall comprise material that satisfies ASTM C33 criteria for classification as No. 57 or No. 67 stone.
Drainage Composite: 
Drainage composites may be used to construct a chimney drain between the reinforced and retained soil zones.  If a drainage composite is used, it shall comprise one of the following:
J-Drain 302 as manufactured by JDR Enterprises, Inc. of Alpharetta, GA (ph. 800-843-7569, www.j-drain.com);
AmerNet 4 as manufactured by American Wick Drain Corporation of Monroe, NC (Ph. 800-242-9425, www.americanwick.com); or
StrataDrain as manufactured by Strata Systems, Inc. of Cumming, GA) ph. 800-680-7750, www.geogrid.com).
Alternate drainage composites may be submitted for Owner review and approval.  However, they shall comprise two layers of nonwoven needle-punched polypropylene geotextile laminated to a polyethylene or polypropylene geonet core.  Drainage composites shall not comprise a “dimple” or “punchboard” type of core.
Drainage Pipe:
Drainage collection pipe shall be a perforated or slotted HDPE or PVC pipe.  Perforations or slots shall be sized to prevent migration of core fill gravel into the pipe.
HDPE Drainage pipe shall be manufactured in accordance with ASTM F405.
WALL DESIGN REQUIREMENTS
GENERAL
Design of MSE structures shall satisfy these specifications.  Where local design or building code requirements exceed these specifications, the local requirements shall be satisfied.
Additional design requirements are presented in Section 200 – Lowe’s Development and Design Criteria.  The DEOR, as well as the project Geotechnical and Civil Engineers shall review this document and shall incorporate requirements as applicable.
Statement of Design Certification
DEOR shall certify compliance by placing the following statement on the bottom right corner of the first page of the construction drawings:
“I (full name) certify I have read and understand specifications DIVISION 02800 –MECHANICALLY-STABILIZED EARTH RETENTION STRUCTURES WITH GEOSYNTHETIC REINFORCEMENT and Section 200 – Lowe’s Development and Design Criteria.  I further certify this design complies with Lowe’s Criteria and Specifications, without any exception unless noted and approved by Lowe’s”
The DEOR shall note any exceptions to these specifications that have been approved by the Owner. Any exceptions shall be clearly indicated in the DEOR statement.
Approval of exceptions by Lowe’s must be made in writing by the Director of Engineering and Construction for the region in which the site is located.
METHODOLOGY
MSE retaining wall design, except as noted herein, shall be based upon these specifications and on the following:
Section 200 – Lowe’s Development and Design Criteria;
National Concrete Masonry Association’s Design Manual for Segmental Retaining Walls (2nd Edition) or FHWA-NHI-10-024 and FHWA-NHI-10-025 Design and Construction of Mechanically Stabilized Earth Walls and Reinforced Soil Slopes - Volumes I and II; and
National Concrete Masonry Association’s Segmental Retaining Wall Drainage Manual.
Reinforced Soil Slope designs shall be based upon these specifications and one of the following 
Section 200 – Lowe’s Development and Design Criteria; and
FHWA-NHI-10-024 and FHWA-NHI-10-025 Design and Construction of Mechanically Stabilized Earth Walls and Reinforced Soil Slopes - Volumes I and II.
These Specifications and Section 200 – Lowe’s Development and Design Criteria prevail where conflicts exist with either National Concrete Masonry Association’s Design Manual for Segmental Retaining Walls, National Concrete Masonry Association’s Segmental Retaining Wall Drainage Manual or FHWA-NHI-10-024 and FHWA-NHI-10-025 Design and Construction of Mechanically Stabilized Earth Walls and Reinforced Soil Slopes - Volumes I and II.
EXECUTION
GENERAL
All work shall be performed in accordance with OSHA requirements.
All work shall be inspected by the Inspection Engineer who shall be engaged by the Owner.
EXAMINATION
Examine areas indicated to receive structure construction, with Installer present, for compliance with requirements for installation tolerances and other conditions affecting performance.
Proceed with installation only after unsatisfactory conditions have been corrected.
PREPARATION
Fill Soil:
Inspection Engineer shall verify that fill soil installed in the reinforced soil zone satisfies the criteria of this section.
Inspection Engineer shall verify that fill soil installed in the foundation and retained soil zone satisfies the specification of the DEOR as shown on the construction drawings.  At a minimum, the foundation and retained soil zone shall be proofrolled in accordance with Division 2 Section 2300 (Earthwork).  Any areas with excessive rutting or ground weaving shall be removed and replaced with suitable materials; and proofrolled again to verify conformance with specifications.
Excavation:
Contractor shall excavate to the lines and grades required for construction of the MSE structure as shown on design drawings.  Contractor shall minimize over-excavation.  Excavation support, if required, shall be the responsibility of the Contractor.
Over-excavated soil shall be replaced with compacted fill in conformance with the specifications by the DEOR and Division 2 Section 02300 – Earthwork.
Embankment excavations shall be bench cut.
Foundation Preparation:
Prior to construction of the MSE structure, reinforced soil zone shall be cleared and grubbed.  Topsoil, brush, frozen soil and organic material shall be removed.  All foundation soil that Inspection Engineer designates as unsuitable shall be removed and replaced with material approved by the Inspection Engineer and compacted to project specifications.
Following excavation for the reinforced soil zone foundation, the Inspection Engineer shall evaluate in situ soil in the foundation and retained soil zones.  
Inspection Engineer shall verify shear strength of in situ soil assumed by the DEOR is appropriate.  Inspection Engineer shall immediately stop work and notify Owner if in situ soil shear strength is found to be unsuitable.
Inspection Engineer shall verify that the foundation soil exhibits sufficient allowable bearing capacity.
Leveling Pad
Leveling pad is required for modular block retaining walls.
Leveling pad shall be constructed of materials per this specification. 
Leveling pad shall be a minimum of 6 inches thick and at least 12 inches wider that the proposed modular block units. It shall be constructed to provide a level and hard surface on which to place the first course of modular block units.
Gravel used for a leveling pad shall be compacted with a minimum of three passes of a vibratory sled and to the satisfaction of the Inspection Engineer.
MSE STRUCTURE INSTALLATION
MSE structure shall be constructed in accordance with the construction drawings, these specifications, and the recommendations of the manufacturers of the MSE structure components.  Where conflicts between the manufacturers’ recommendations and these specifications exist, these specifications shall prevail.  
Internal drainage components (i.e. drain pipe, drainage blanket, chimney drain, and geotextile filter) shall be installed as shown on the construction drawings.
Geosynthetic Reinforcement Installation
Geosynthetic reinforcement shall be installed at the locations and elevations shown on the construction drawings and on fill soil that level and compacted to specification.
Panels of geosynthetic reinforcement shall be tensioned such that folds and wrinkles are removed before fill soil is placed.  Panels shall be staked or anchored as necessary to maintain taut condition.  
Adjacent reinforcement panels shall be abutted. Reinforcement panels may overlap at MSE structure radii.
Rubber tire vehicles may operate directly on geosynthetic reinforcement at speeds less than 10 mph.  Sudden braking and turning shall be avoided.  Tracked vehicles may not operate directly on geosynthetic reinforcement with less than 8 inches of compacted soil between the reinforcement and the tracks.  Turning of tracked vehicles over layers of reinforcement shall be avoided.
Modular Block Unit Installation
Modular block units shall be installed at locations and elevations shown on the construction drawings.
Modular block core fill gravel shall be installed within all modular units with vertically-oriented cores that penetrate the top and bottom of the unit.  Core fill shall also be placed behind the unit to a distance of at least 12 inches.
Core fill gravel and reinforced fill soil shall be installed after placement of each course of modular block units.  No more than one course of modular block units may be stacked before core fill gravel and reinforced soil is installed.
If approved by the modular block unit manufacturer, asphalt shingles may be used as shims between courses of block units that do not coincide with layers of geosynthetic reinforcement.  Use of other types of shim material is not permitted without prior approval of the Owner.
Broken, chipped, stained, or otherwise damaged units shall not be placed in the wall.
Cap units shall be secured with an adhesive in accordance with the modular block manufacturer’s recommendations.
Welded Wire Fabric Form Installation
Welded wire fabric baskets shall be installed at locations and elevations shown on the construction drawings.
Basket forms shall be overlapped a minimum of 4 inches and secured with reinforcing steel wire.
Steel struts shall be spaced no more than 24 inches O.C.
Fill Soil Placement
For MSE structures with modular block facing units, at elevations that correspond to layers of geosynthetic reinforcement, the top of the compacted soil lift behind the course of modular blocks shall be 2 inches above the top of modular blocks. 
Soil installed in the reinforced zone of the MSE structure shall be compacted to within 95 percent of the maximum dry density and -1/+3 percent of the optimum moisture content as measure in accordance with ASTM D 1557 (modified Proctor method).

Within 4 feet of the wall face, soil shall be compacted using only walk-behind equipment and to within 92 percent of the maximum dry density as measured in accordance ASTM D1557 (modified Proctor).
Within 18 inches of a pavement section, soil shall be compacted to within 97 percent as measured in accordance with ASTM D1557 (modified Proctor).
Soil shall be installed in lifts that do not exceed a compacted thickness of 8 inches.
Compaction requirements for walls taller than 45 feet will be evaluated by the Owner on a case-by-case basis.
Heavy (i.e. ride-on) equipment shall not be operated within 4 feet of the MSE structure face.
At the end of each work day, the surface of the last lift of reinforced soil shall be graded away from the MSE structure face and compacted.
General Contractor shall protect the MSE structure against surface water runoff at all times by using of berms, diversion ditches, temporary drains, and other measures necessary to prevent damage to the MSE structure.
The tolerances for construction of a modular block retaining wall shall be as follows:
Batter Tolerance - finished wall batter shall be within 2 degrees of the design batter for the specified modular block unit.
Horizontal Tolerance – elevation of modular block units shall deviate no more than 1 inch over a span of 10 feet when measured using a straight edge placed horizontally across the top of the modular block course.
Vertical Tolerance – wall face shall deviate no more than 2 inches over a span of 10 feet from a plane defined by a straight edge that is oriented vertically and placed against the wall face.
OBSTRUCTIONS IN REINFORCED SOIL ZONE
The MSE structure Contractor shall provide for obstructions in the reinforced soil zone in accordance with the construction drawings.
If there are obstructions in the reinforced soil zone for which the construction drawings do not account, affected portion of the MSE structure shall not be built until a written description of the required procedures is provided by the DEOR.
COMPLETION
A minimum of 12 inches of low-permeability fill shall be placed over the reinforced soil zone of the MSE structure.  The soil shall be graded to prevent ponding of water behind the MSE structure.
The General Contractor shall confirm that as-built modular block wall geometries conform to requirements of this section.  The General Contractor shall notify the Owner of any deviations.
END OF SECTION 02800
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MSE Wall Inspection Checklist

I. Retaining Wall Materials
A. Modular block units
· Units are sound and free of cracks and defects that interfere with proper installation. Chips at face of blocks are within guidelines of ASTM C1372.
· Units are palletized and stored such that they do not become damaged or stained by soil.
B. Geosynthetic reinforcement
· Geosynthetic reinforcement satisfies project specifications.
· Geosynthetic rolls are wrapped in protective material, undamaged and handled and stored in accordance with ASTM D4873.
C. Geotextile filter
· Geotextile filter satisfies project specifications.
· Geotextile rolls are wrapped in protective material, undamaged and handled and stored in accordance with ASTM D4873.
D. Fill soil
· Reinforced fill, modular block core fill and other fill soil satisfies project specifications.
· Periodic verification of fill soil properties such as grain size and Atterberg limits is performed. 

II. Foundation and Excavation
· In situ material in foundation and retained soil zones exhibits shear strength assumed by design engineer. If it does not, stop work and advise design engineer.
· Foundation surface is compacted and proof-rolled. Soft or yielding soil is excavated and replaced with material specified by design engineer.
· Required allowable bearing pressure is verified as being available.
· Excavations of in-situ soil or rock in retained soil zone are bench-cut.

III. Retaining Wall Construction
A. Leveling Pad
· Width is 24 inches minimum. Thickness is minimum 4 inches for concrete and 6 inches for gravel.
· If concrete is used the minimum compressive strength is 2000 psi.
· If gravel is used, it is compacted with a minimum of 3 passes of a vibratory plate and additional passes provide no further densification.
· The leveling pad elevation is consistent with the construction drawing requirements.
B. Modular block units
· Initial course is in full contact with the leveling pad and are themselves level.
· Units are installed in accordance with manufacturer’s specifications, to include pins and other types of connection devices.
· No more than one course of units is installed before core and reinforced fill soil is placed and compacted.
· Units are installed in a running bond configuration.
· The horizontal setback between vertically-adjacent units is consistent with the batter specified on the construction drawings.
· Vertical tolerance – the wall face deviates no more than 2 inches over a span of 10 feet from a plane that defined by a straight edge that is oriented vertically and placed against the wall face.
· Horizontal tolerance – the elevation of units deviates no more than 1 inch over a span of 10 feet as determined with a straight edge placed horizontally across the top of the units.
C. Geotextile filter 
· The geotextile is installed at the locations specified on the construction drawings.
· Adjacent panels of geotextile are overlapped by at least 12 inches.
· Geotextile that is damaged during installation is removed by cutting out the affected area and then patched with a geotextile panel that overlaps the affected are by at least 12 inches.
D. Fill soil installation
· Fill soil in the reinforced zone is installed in compacted lifts that do not exceed 8 inches in thickness.
· Documentation of density testing is provided on a form that includes the following:
a. The minimum dry unit weight and allowable moisture content range.
b. Actual dry unit weight and moisture content (if fill soil is free draining then it may not be possible to obtain the specified moisture content).
c. Pass / fail assessment.
d. Test location reference based on wall station number, elevation and distance behind wall face.
e. The applicable soil dry density-moisture content curve.
· Fill soil density is measured at least once per 1,000 square feet in plan area per 8-inch-thick vertical lift. Tests are performed within the 4-foot zone behind wall face and at locations beyond this distance.
· Fill soil that is placed on layers of geosynthetic reinforcement is graded toward the back of the reinforcement panel so as to tension the panel.
E. Geosynthetic reinforcement
· Panels of geosynthetic reinforcement are cut to the lengths specified on the construction drawings.
· The panels extend to within 2 inches of the face of the modular block units.
· The panels are tensioned to remove folds and wrinkles and the distal end of the panels are secured to maintain the tension.
· Adjacent panels are abutted.
· The width of panels at wall radii is limited to a ratio of Radius: Panel Width no greater than 5.0.
F. Cap units
· Cap units are each secured using construction adhesive.


Inspection Engineer Certification:

If the wall has been constructed in accordance with these specifications and the Construction drawings, then the Inspection Engineer shall certify Construction with the following statement and seal with a Professional Engineering Seal.

I (name) certify that the retaining wall has been constructed in accordance with the Project Specifications and Drawings.

Note that if construction deviates from the specifications and drawings, the deviation must be logged in the report of inspection and resolved by correction or allowed to remain after consultation with Lowe’s.
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