
SECTION XXXXX
CONCRETE ARMOR UNIT SYSTEM FOR WAVE PROTECTION SPECIFICATIONS

PART  1   GENERAL
DESCRIPTION
Furnish all plant, labor, equipment, materials and incidentals necessary to construct the shoreline protection armoring system using Concrete Armor Units (CAUs) in accordance with lines, grades, and dimensions shown on the Drawings and as specified herein.
The CAU revetment system is considered to include geotextile, coarse drain material, and associated riprap to be used at CAU termination locations.
RELATED SECTIONS
Price and Payment Procedures: Section XXXXX
Finish Grading: Section XXXXX
Geotextile Slope Protection: Section XXXXX
Excavation: Section XXXXX
Fill: Section XXXXX
PRE-APPROVED PRODUCT SUBMITTALS
Pre-Approved CAU systems are those listed in Table 1 of Section 2.1. Pre-Approved CAU systems shall provide the following submittal information. 
1.  Shop Drawings: At least 30 days prior to the start of any installation of the CAUs, submit shop drawings showing proposed layout of the CAU system (geotextile, individual CAUs, bundled CAUs, drainage material, and terminations or transitions for approval prior to installation. Include dimensions of all CAUs, bundles, and installation procedures. Shop drawings shall be prepared by the CAU manufacturer and shall show: 
a.  Plan of coverage depicting the layout of all CAUs, terminations/transitions, special connections, and any other plan features as necessary.
b.  Typical cross sections. 
c.  Attachment to structures, upslope and side termination/transition details, downslope termination/transition details. 
d.  Product shop drawings. 
2.  Cables: Submit product information in compliance with Section 2.2 C.
3.  Geotextile: Submit product information in compliance with Section 2.2 D.
4.  Physical Testing Reports: Submit CAU test results for tests specified in Section 2.2 B.
ALTERNATIVE PRODUCT SUBMITTALS
Alternative CAU systems are those that comply with Section 2.1 B. Alternative CAU systems shall provide the following submittal information.
All information as required for pre-approved products as listed in Section 1.2 A.
Required minimum unit size calculations in support of the CAU system, made per Section 2.1 B, stamped and signed by a Professional Engineer licensed to practice in the state of the project.
Manufacturers’ hydraulic testing and calculations in support of the proposed CAU system per Section 2.1 D.
Manufacturer Qualifications:
Suppliers must own and operate their own manufacturing facility.
A list of 5 comparable projects, in terms of size and applications, in the United States, where satisfactory performance of the specified alternate CAU system can be verified after a minimum of five (5) years of service life.
A list of a minimum of five (5) registered Professional Engineers directly employed by the CAU supplier.
The names and contact information (phone numbers and e-mail addresses, at a minimum) for the suppliers’ representatives, for technical, production or logistics questions, at least one of whom must reside in the state where the project is located.
QUALITY CONTROL
Quality Control Responsibilities:
General: The Contractor is responsible for all quality control testing for each stage of work. This testing includes material inspection and conformance testing. 
The owner’s representative may, at any time, inspect any of the Contractor’s or CAU Manufacturer’s Quality Control operations and perform such independent or supplemental tests as he/she believes necessary to corroborate or check results reported by the Contractor and/or CAU Manufacturer. The Contractor and/or Manufacturer shall assist the Owner to the greatest extent practicable by furnishing equipment and personnel as necessary to secure samples for testing. 
Reference Standards listed below, but referred to thereafter by basic designation only, form a part of this specification to the extent indicated by the reference thereto. 
American Society for Testing and Materials (ASTM) Standards:
ASTM C 33, Concrete Aggregates.
ASTM C 150, Portland Cement. 
ASTM C 207, Specification for Hydrated Lime Types. 
ASTM C 595, Blended Hydraulic Cements. 
ASTM C 618, Fly Ash and Raw or Calcined Natural Pozzolan for Use as a Mineral Admixture in Portland Cement Concrete. 
ASTM D 6684, Standard Specification for Materials and Manufacture of Articulating Concrete Block (ACB) Revetment Systems. 
American Association of State Highway and Transportation Officials (AASHTO):
AASHTO M 288 – Standard Specification for Geotextile Specification for Highway Applications.
PART  2   MATERIALS
ACCETPABLE CAU REVETMENT SYSTEMS
Pre-Approved CAU systems: Pre-Approved CAU systems for use are those listed in Table 1.
Alternative CAU systems shall meet the CAU design requirements in Table 2 below and all requirements of Section 2.1. Alternative materials shall be approved in writing no later than ten (10) days prior to bid.
Alternatives: 
CoreLoc, as developed by the U.S. Army Corps of Engineers.
Toskanes, as developed by Colorado State University.

Table 1
PRE-APPROVED CAU SYSTEMS
	Manufacturer
	CAU System
	Contact

	CONTECH Engineered Solutions
	A-Jacks
	Armortec: (513) 645-7000






Table 2
GENERAL CAU DESIGN REQUIREMENTS
	Criteria
	
	
	           Required Value or System
	

	Physical Model Testing  
	
	See Section 2.1.D. 
	

	Design Wave Height
	
	XX feet
	

	Design Wave Period
	
	XX seconds
	

	Shore Slope  
	
	XX ft/ft 
	

	Unit Size
	
	24”
	



Physical model testing
Certification by accredited laboratory documenting physical hydraulic testing on CAUs to determine:
KD Value
Wave transmission
Runup, Rundown, and Reflection coefficients
Dynamic Impact Factor > 1.75
The test reports shall clearly state the parameters of the waves generated in testing, CAU size, and slope geometry. If damage was observed during testing, the wave height and period that caused damage shall be noted, along with the location of the damage. 
The installation placement shall also be noted (uniform, random, or pseudo uniform). 
CAUs shall be sized for hydraulic stability using the Hudson formula for a given design wave condition and structure slope as provided in Table 2.
MATERIALS AND MANUFACTURE OF CAU SYSTEMS
Concrete Armor Units shall be produced using a dry cast method.
Concrete Armor Unit Materials and Manufacture: Manufacture the CAUs at a block plant in accordance with NCMA-ICPI Quality Control Program for Dry Cast Manufactured Concrete Products Production Plants version 1.01.
Manufacture the CAUs in accordance with the following:
Cementitious Materials - Materials shall conform to the following applicable ASTM Standards:
Portland Cements - C 150, for Portland Cement.
Blended Cements - C 595, for Blended Hydraulic Cements.
Hydrated Lime Types - C 207, for Hydrated Lime Types.
Pozzolans - C 618, for Fly Ash and Raw or Calcined Natural Pozzolans for use in Portland Cement Concrete.
Aggregates – C 33, for Concrete Aggregates, except that grading requirements shall not necessarily apply.
Casting: Casting shall be in accordance with ASTM D6684.
Physical Requirements: At the time of delivery to the work site, the CAU units shall conform to the physical requirements prescribed in Table 2 below:


TABLE 2: PHYSICAL REQUIREMENTS
	Compressive Strength Net Area
Min. psi (mPa)
	Water Absorption
Max. lb/ft3 (kg/m3)
	Density in Air, Min.
lb/ft3 (kg/m3)

	Avg. of 3 units
	Individual Unit
	Avg. of 3 units
	Individual Unit
	Avg. of 3 units
	Individual Unit

	4,000 (27.6)
	3,500 (24.1)
	9.1 (160)
	11.7 (192)
	130 (2080)
	125 (2000)



Visual Inspection
All units shall be sound and free of defects which would interfere with the proper placement of the unit, or which would impair the performance of the system. Surface cracks incidental to the usual methods of manufacture, or surface chipping resulting from customary methods of handling in shipment and delivery, shall not be deemed grounds for rejection.
Chipping, cracking, or spalling resulting in a weight loss exceeding 10% of the average weight of a concrete unit shall be deemed grounds for rejection.
Units rejected prior to delivery from the point of manufacture shall be replaced at the manufacturer's expense. Units rejected at the jobsite shall be repaired with structural grout or replaced upon request at the expense of the contractor.
Sampling and Testing
The purchaser (or their authorized representative) shall be afforded access to the relevant manufacturing facility or facilities, if desired, in order to inspect and/or sample the CAU units from lots ready for delivery prior to release for delivery to the job site. Such inspections are at the sole expense of the requesting entity.
Purchaser may request additional testing, at their expense, other than that provided by the manufacturer as needed. Such requested testing will extend any stated lead times for manufacturing and delivery, if the results of such testing are a prerequisite to approval (i.e., approval for release to manufacturing). Costs associated with such testing shall be borne by the purchaser.
Cables and Fittings
Galvanized steel or polyester cable for bundled assembly.
Cable type will be minimum 3/16” or 1/4” galvanized steel or polyester, as approved by the Engineer. These cables are for creating a bundled assembly and are not intended to be attached to rigging for lifting.
Fitting type will be minimum 3/16” aluminum, as approved by the Engineer.
Cables for lifting shall support each row within the bundle and will be designed by the contractor for safe lifting practices.
Geotextile 
Geotextile shall be selected per Figure 16.3 in Design Guideline 16 of HEC-23.  
Geotextile shall be sized for the soil subgrade particle size distribution and permeability per Section XXXXX – Geotextile Slope Protection. 
During all periods of shipment and storage, the filter fabric shall be protected from direct sunlight UV radiation, and temperatures greater than 140°F. To the extent possible, the fabric shall be maintained wrapped in its protective covering. Geotextile exposure to sunlight or UV radiation shall be minimized to the greatest extent possible until the installation process begins.
Graded Granular Layer (if applicable)
Granular filter layer should be selected per USACE EM 1110-2-2300 – Appendix B.
PART  3   EXECUTION
SITE PREPARATION
The layer directly underneath the CAU system shall be prepared as directed by the EOR and be free from debris.
PLACEMENT OF THE CAUs
The CAUs shall be placed individually or in bundles at the discretion of the installing Contractor. 
Individually placed CAUs shall be set with uniform spacing. Standard spacing between unit centers in both the x and y direction is 50% of the total arm length. Subsequent cabling of outer units is common, depending on the system embedment for the project.
Bundled CAUs are made up of a pre-determined matrix, spaced at 40% of the total arm length center to center in the x and y directions. Cable will be placed around the pre-determined matrix (around the mid-section), hand tightened and connected using standard cable hardware. These cables shall not be used for lifting the bundles. Bundles are to be placed with a recommended maximum spacing of 4” between bundles in a staggered configuration or as agreed upon prior to commencement of work. 

END OF SECTION

