SECTION XXXXX
ARTICULATED CONCRETE BLOCKS (ACBs)

PART  1   GENERAL

1.1  DESCRIPTION  
A.  Furnish all plant, labor, equipment, materials and incidentals necessary to construct the embankment armoring system using articulated concrete block mats (ACBs) in accordance with lines, grades, and dimensions shown on the Drawings and as specified herein.   
B.  The ACB revetment system is considered to include geotextile, coarse drain material, Cellular Confinement System, geogrid, cabled ACB mats, and associated concrete and riprap to be used at ACB termination locations. Infill of either topsoil or stone sized between ¼”-3/8” is to be placed within the open cells of the ACBs at locations as specified on the Drawings. 
C.  Related Sections:
1.  Price and Payment Procedures: Section XXXXX. 
2.  Finish Grading: Section XXXXX. 
3.  Excavation: Section XXXXX. 
4.  Fill: Section XXXXX.
5.  Geotextile Slope Protection: Section XXXXX.
6.  Geocell Cellular Confinement System: Section XXXXX. 
7.  Cast-In-Place Concrete: Section XXXXX. 

1.2  PRE-APPROVED PRODUCT SUBMITTALS
A.  Pre-Approved ACB systems are those listed in Table 1 of Section 2.1. Pre-approved ACB systems shall provide the following submittal information:
1.  Shop Drawings: At least 30 days prior to the start of any installation of the ACBs, submit shop drawings showing proposed layout of the ACB system (geotextile, geocells, ACB mats, drainage gravel, geogrid, and termination trenches) for approval prior to installation. Include dimensions of all ACB mats and installation procedures. Shop drawings shall be prepared by the ACB manufacturer and shall show: 
0. Plan of coverage depicting the layout of all ACB mats, grouted seams, special connections, and any other plan features as necessary. 
0. Typical cross sections. 
0. Attachment to structures, upslope and side termination details, downslope termination detail. 
0. Product shop drawings. 
2.  Cables: Submit manufacturer’s supporting literature and calculations showing that the cables used to construct the ACB mats satisfy the material properties and strength requirements of Section 2.2 C. 
3.  Geotextile: Submit product information in compliance with Section 2.2 F.
4.  Cellular Confinement System: Submit information conforming to Section 2.2 H.
5.  Microgrid: Submit product information in compliance with Section 2.2 G. 
6.  Physical Testing Reports: Submit ACB test results for tests specified in Paragraph 2.2 B.

1.3  ALTERNATIVE PRODUCT SUBMITTALS
A.  Alternative ACB systems are those that comply with section 2.1 B. Alternative ACB systems shall provide the following submittal information:
1.  All information as required for pre-approved products as listed in section 1.2 A.
2.  Factor of Safety (FOS) calculations in support of the ACB system, made per section 2.1 B, stamped and signed by a Professional Engineer licensed to practice in the state of the project.
3.  Manufacturers’ hydraulic testing and calculations in support of the proposed ACB system per section 2.1 C.
4.  A list of 5 comparable projects, in terms of size and applications, in the United States, where satisfactory performance of the specific alternate ACB system can be verified after a minimum of five (5) years of service life.
5.  A list of a minimum of five (5) registered Professional Engineers directly employed by the company.

1.4  QUALITY CONTROL  
A.  Quality Control Responsibilities:  
1.  General:  The Contractor is responsible for all quality control testing for each stage of work. This testing includes material inspection and conformance testing. 
2.  The Owner’s representative may, at any time, inspect any of the Contractor’s or ACB Manufacturer’s Quality Control operations and perform such independent or supplemental tests as he believes necessary to corroborate or check results reported by the Contractor and/or ACB 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.
B.  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. 
1.  American Society for Testing and Materials (ASTM) Standards:  
a.  ASTM C 33, Concrete Aggregates. 
b.  ASTM C 62, Building Brick Solid Masonry Units Made from Clay or Shale. 
c.  ASTM C 67, Sampling and Testing Brick and Structural Clay Tile. 
d.  ASTM C 90, Specification for Load-bearing Concrete Masonry Units. 
e.  ASTM C 94, Specification for Ready-Mixed Concrete. 
f.  ASTM C 140, Sampling and Testing Concrete Masonry Units. 
g.  ASTM C 150, Portland Cement. 
h.  ASTM C 207, Specification for Hydrated Lime Types. 
i.  ASTM C 595, Blended Hydraulic Cements. 
j.  ASTM C 618, Fly Ash and Raw or Calcined Natural Pozzolan for Use as a Mineral Admixture in Portland Cement Concrete. 
k.  ASTM C 1262, Standard Test Method for Evaluating the Freeze-Thaw Durability of Manufactured Concrete Masonry Units and Related Concrete Units.
l.  ASTM D 698, Standard Test Methods for Laboratory Compaction Characteristics of Soil Using Standard Effort (12,400 ft-lbf/ft3 (600 kN-m/m3)).
m.  ASTM D 6684, Standard Specification for Materials and Manufacture of Articulating Concrete Block (ACB) Revetment Systems. 
n.  ASTM D 6884, Standard Practice for Installation of Articulating Concrete Block (ACB) Revetment Systems.
o.  ASTM D 7276, Standard Guide for Analysis and Interpretation of Test Data for Articulating Concrete Block (ACB) Revetment Systems. 
p.  ASTM D 7277, Standard Test Method for Performance Testing of Articulating Concrete Block (ACB) Revetment Systems for Hydraulic Stability in Open Channel Flow. 
2.  American Association of State Highway and Transportation Officials (AASHTO):  
a.  AASHTO M 288 - Standard Specification for Geotextile Specification for Highway Applications. 


PART  2   MATERIALS
2.1  ACCEPTABLE ACB REVETMENT SYSTEMS
A.  Pre-Approved ACB systems: Pre-Approved ACB systems for use are those listed in Table 1.
B.  Alternative ACB systems shall meet the ACB design requirements in Table 2 below and all requirements of Section 2.1. Alternative materials shall be approved in writing (10) days prior to bid.

Table 1
PRE-APPROVED ACB SYSTEMS
	Manufacturer  
	ACB System  
	Contact 

	CONTECH Engineered Solutions 
	EPEC System
	Armortec
(513) 645-7000



Table 2
GENERAL ACB DESIGN REQUIREMENTS


	Criteria
	
	
	Required Value or System
	

	Flume Test with Hydraulic Jump  
	
	See Paragraph 1 below. 
	

	Factor of Safety 
	
	1.5 minimum; Paragraph 1 below.
	

	Design Velocity  
	
	XX feet per second; Paragraph 1 below.
	

	Design Shear  
	
	XX pounds per square feet; Paragraph 1 below.
	

	Longitudinal (Bed) Slope  
	
	XX ft/ft
	

	Side Slopes
	
	XH:1V
	

	Matrix Assembly  
	
	Cabled system  
	

	Block Type  
	
	Open-celled and tapered. 
	

	Specific Energy  
	
	XX feet
	

	Minimum Block Thickness  
	
	
	XX inches
	




C.  Flume Test with Hydraulic Jump
1.  ACB testing and test data interpretation shall be in accordance with ASTM D7276 and ASTM D7277. All ACB's must be tested on a slope equal to or greater than the steepest project slope. The vertical drop of the test flume section must be greater than 30 feet. The test report shall clearly state if the shear stress associated with stability threshold values of the ACB system were derived from laboratory testing that included a drainage layer as a component of the tested system. If the ACB system flume tested required a drainage layer (i.e.  geosynthetic, gravel, etc.), the Contractor shall provide a drainage layer equal to or equivalent to the drainage layer tested, subject to the approval of the Engineer. If a geosynthetic was used as a drainage layer, the Contractor shall provide the same (or equivalent) geosynthetic as a drainage layer for the site, regardless of if a stone drainage layer is required per the drawings and specifications and subject to the approval of the Engineer. 
2.  The ACB system shall also have undergone hydraulic jump testing. Hydraulic jump testing shall have been conducted on a slope equal to or greater than the steepest project slope. Creation of the jump must have been run for a minimum duration of 1 hour at steady state conditions. The threshold specific energy of the proposed block determined from flume testing must be greater than the design specific energy provided in Table 2. The threshold specific energy of the block shall be supported by appropriate test results. Threshold specific energy is defined as the last stable condition before failure occurs. Failure is defined as meeting any of the following conditions: 
a.  loss of intimate contact between subgrade and revetment or drainage layer;
b.  vertical block displacement exceeding ½-inch; or 
c.  loss of a block or group of blocks. 
D.  The design of the ACB system shall be in accordance with NEH Part 628 Chapter 54 ACB Armored spillways. The analysis shall be performed based upon the stability of the mat due to gravity forces alone, neglecting conservative forces added by cabling, mechanical anchorage, contact with adjacent blocks, or other restraints not attributable to gravity-based forces. The analysis must account for a 0.5-inch block projection. Tapered blocks that have a 0.5-inch or greater taper (i.e., the block thickness is greater on the downstream edge than the upstream edge by at least 0.5 inches), can assume a 0-inch block projection.  Site grading may not be used to omit this requirement. This value shall be input into the factor of safety equations used to size the block. 
E.  Individual blocks in each ACB mat shall be staggered and interlocked. The ACB mats shall be constructed of open cell blocks as shown on the Contract Drawings.  The open cell blocks have two (2) vertical openings of rectangular cross section with sufficient wall thickness to resist breakage during shipping and installation. Parallel strands of cable shall extend through two (2) cable ducts in each block allowing for longitudinal binding of the units within a mat. Each row of blocks shall be laterally offset by one- half of a block width from the adjacent row so that any given block is cabled to four other blocks (two in the row above and two in the row below). In rows where a half-block would be necessary to make the mat edge even, a block-and-a-half (BAH) unit shall be used instead of the half block and the adjacent full block. Leaving out half block units and field casting or filling the void shall not be an approved alternative to maintain the staggered matrix.
F.  Each block shall incorporate interlocking surfaces that minimize lateral displacement of the blocks within the mats when they are lifted by the longitudinal revetment cables. The interlocking surfaces must not protrude beyond the perimeter of the blocks to such an extent that they reduce the flexibility or articulation capability of the cellular mats or become damaged or broken when the mats are lifted during shipment or placement. Once the mats are in place, the interlocking surfaces shall minimize the lateral displacement of the blocks even if the cables should become damaged or removed. The ACB mats must be able to flex a minimum of 18 degrees between any given row or column of blocks in the uplift direction and a minimum of 45 degrees in the downward direction. 
G.  The cables inserted into the mats shall form lifting loops at one end of the mat with the corresponding cable ends spliced together to form a lifting loop at the other end of the mat. The cables shall be inserted after sufficient time has been allowed for the 
concrete to complete the curing process. 
H.  All design calculations shall be based on the smallest block footprint utilized in the mat matrix.  Partial or half blocks shall be analyzed separately.

2.2  MATERIALS AND MANUFACTURE OF ACB MATS
A.  Concrete Block Materials and Manufacture: Manufacture the ACBs at a block plant in accordance with NCMA-ICPI Quality Control Program for Dry Cast Manufactured Concrete Products Production Plants version 1.01.

B.  Manufacture the ACBs in accordance with the following:  
1.  Use materials that conform to the following ASTM specifications:
a.  Portland Cements: 	Specification C 150, for Portland Cement. 
b.  Blended Cements: 	Specification C 595, for Blended Cements. 
c.  Hydrated Lime Types:  Specification C 207, for Hydrated Lime Types.
d.  Pozzolans: Specification C 618, for Fly Ash and Raw or Calcined Natural Pozzolans for use in Portland Cement Concrete.
e.  Aggregates: Specification C33, for Concrete Aggregates except that grading requirements shall not apply.
2.  Strength and Durability Requirements: At the time of delivery to the work site, the concrete blocks shall conform to the physical requirements prescribed in Table 4 below. Sample and test units in accordance with ASTM Methods C 140, Sampling and Testing Concrete Masonry Units. A minimum of three (3) specimens per test is required to determine the average value. Perform compressive strength, water absorption, and density tests on representative samples of each production lot of ACBs delivered to the project site. Where delivered ACBs are from the same manufacturer and of common production lot, a single round of successful test results will be sufficient to document compliance with these specifications.  If a lot or shipment fails to conform to the specified requirements, the manufacturer, at his expense, may sort it and test beyond the frequency specified in these specifications. If the second set of tests also fails to conform to the specified requirements, the entire lot shall be rejected. 


Table 4
Physical Requirement of Concrete Blocks

	
	Compressive Strength 
	
	
	Water A 
	bsorption 
	
	
	Density  
	

	
	psi ( 
	Min.)  
	
	
	lb/ft 3 (Max.)  

	
	
	
	
	
	lb/ft3 
	 (Min.) 
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Average of  
3 Blocks  

	
	
	Individual  
Block  

	
	
	Average of  
3 Blocks  

	
	
	Individual  
Block  

	
	
	
	
	
	Individual 
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Block  
	

	
	4,000  
	
	3,500  
	
	10.0  
	
	12  
	
	130  Average of  
3 Blocks  

	
	125  
	










3.  Freeze-Thaw Performance Requirements: Perform freezing and thawing testing on representative units in accordance with the requirements of ASTM C 1262.In freshwater solution, blocks must pass 100 freeze thaw cycles with less than 1% mass loss. Document compliance with submission of a certificate of compliance in accordance with the requirements of ASTM C 1262 and ASTM D 6684, dated within the past 24 months. 
4.  Visual Inspection: All concrete blocks shall be free of defects that would impair the strength or performance of the armoring system. Concrete blocks with chips, cracks, or spalling where the weight loss of the block exceeds 10% of the average weight of the blocks will be rejected. 
5.  Blocks rejected prior to delivery from the point of manufacture shall be replaced at the manufacturer’s expense. Blocks rejected at the job site may be repaired, if approved by the Engineer, with structural grout at the expense of the contractor. 
6.  Mats shall be formed in a manner to eliminate gaps and post installation grouting requirements. Omission of blocks or half blocks exposing cables and creating voids between blocks along the sides of mattresses shall not be permitted. 
C.  Cables: Fabricate concrete mats by connecting concrete blocks to each other using galvanized steel cables with the following properties:
1.  Galvanized cables:
a.  Revetment cable shall be constructed of pre-formed galvanized aircraft cable (GAC). The cables shall be made from individual wires and strands that have been formed during the manufacture into the shape they have in finished cable.
b.  Cable shall consist of a core construction comprised of seven (7) wires wrapped within seven (7) or nineteen (19) wire strands. 
c.  The size of the revetment cable shall be selected such that the minimum acceptable strength is at least five (5) times that required for lifting of the mats, in accordance with ASTM D-6684 paragraph 5.5.2. This design shall include a reduction factor for splicing of 75%, unless a larger factor can be substantiated by laboratory testing.
d.  The revetment cable shall exhibit resistance to mild concentrations of acids, alkalis, and solvents. Fittings such as sleeves and stops shall be aluminum, and the washers shall be galvanized steel or plastic. Furthermore, depending on material availability, the cable type (7x7 or 7x19) can be interchanged while always ensuring the required factor of safety for the cable.
e.  Selection of cable and fittings shall be made in a manner that ensures a safe design factor for mats being lifted from both ends, thereby forming a catenary. Consideration shall be taken for the bending of the cables around hooks or pins during lifting.
D.  Fitting and Connectors: Cables shall be joined together utilizing a mechanical connection. Aluminum or high strength plastic washers as specified by the manufacturer shall be used to prevent connection joints from pulling into blocks.
E.  Coarse Drain Material: Conform to the requirements of AASHTO No. 57 gradation. Use of slag is expressly prohibited. 
F.  Geotextile:
1.  The standard for sizing geotextile for these applications is AASHTO M-288, Permanent Erosion Control, Class 1. Only needle punched non-woven geotextiles are acceptable.
2.  Geotextile shall be sized for the soil subgrade permeability per Section XXXXX – Geotextile Slope Protection. 
3.  Under no circumstances shall the filter fabric be permanently affixed or otherwise adhered to the blocks or mats, i.e., the filter fabric shall be independent of the block system.
4.  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.
G.  Geogrid: Geogrid shall meet the minimum physical requirements listed in Table No. 5 of these Specifications. The geogrid shall be made in the USA and composed of high-tenacity multifilament polypropylene and coated with PVC. The geogrid shall be inert to biological degradation and resistant to naturally encountered chemicals, alkalis and acids.  
H.  Cellular Confinement System:  As specified in Section XXXXX, Geocell Cellular Confinement System.
I.  Concrete Fill:  Cast-in-Place 4000-p.s.i. non-shrink grout or concrete.


Table 5
Physical and Mechanical Requirements

	Physical Properties  
	Test Procedure  
	Minimum Value 

	Tensile Strength  (at ultimate)  
	ASTM D 6637
	1600 Lbs./ft.
(in any principal direction)

	Creep Reduced Strength
	ASTM D 5262
	1000 Lbs./ft. 
(in any principal direction) 

	Mechanical Properties  
	Test Procedure  
	Typical Value  

	Grid Aperture Size (machine direction)  
	Measured
	0.24 in.

	Grid Aperture Size  
(cross machine direction) 
	Measured
	0.24 in.
















PART  3   EXECUTION
3.1  SUBGRADE PREPARATION
A.  Grading Tolerances and Treatment: The crest, downstream slope and toe area of the embankment shall be graded to a smooth plane surface to ensure that intimate contact is achieved between the slope face and the ACB mats. Subgrade shall be rolled smooth and compacted to 90% to 95% of standard proctor in accordance with ASTM D698.  All slope deformities which project from the slope must be re-graded or removed. No holes, slope board teeth marks, footprints, or other voids greater than 0.5 inch in depth normal to the local slope face shall be permitted. No grooves or depressions greater than 0.5 inches in depth normal to the local slope face with a dimension exceeding 1.0 foot in any direction shall be permitted.  Where such areas are evident, they shall be brought to grade by placing compacted approved fill. The slope and slope face shall be uniformly compacted.  Once compacted, do not walk on or disturb the subgrade in any way that would result in a loss of intimate contact between the ACBs and the subgrade.  
B.  Inspection: The prepared base will be inspected by the Engineer immediately prior to placing the geotextile, Cellular Confinement System, coarse drain material, geogrid and ACB mats. No geotextile, Cellular Confinement System, coarse drain material, geogrid material or ACB mats shall be placed thereon until that area has been approved by the Engineer. 
C.  Geotextile: Geotextile shall be placed, as shown on the Drawings, directly on the prepared subgrade, and free of folds or wrinkles. Avoid operations that will disturb or cause loss of intimate contact between the geotextile and the subgrade.  Geotextile shall be placed so that the upstream strip of fabric overlaps the downstream strip. The longitudinal and transverse joints shall be overlapped at least two (2) feet. The geotextile shall terminate at the bottom of the termination trenches. 
D.  Cellular Confinement System:  Cellular Confinement System shall be placed and anchored on top of the prepared base and geotextile. See Drawings and Specification Section XXXXX for installation requirements. Design of the cellular confinement system will be done by the cellular confinement manufacturer. Anchorage of the cellular confinement system must be completed with a dead-man system. Stakes or rebar that penetrate the geotextile shall not be allowed.
E.  Coarse Drain Material: Installation requirements as specified in Section XXXXX, Geocell Cellular Confinement System.  The final surface of the coarse drain material shall be such that when the ACB mats are placed, no individual block within the plane of placed mat shall protrude or be recessed more than one half inch from the surface plane of the mat. 
F.  Geogrid:  Install the Geogrid normal to the primary flow direction. Overlap strips a minimum of 12-inches. The Geogrid strips shall be fastened together using plastic or wire ties within the overlap areas. Place the Geogrid directly on the prepared area, in intimate contact with the coarse drain material, and free of folds or wrinkles. Do not walk on or disturb the Geogrid in any way that would result in a loss of intimate contact between the Geogrid and the coarse drain material. 

3.2  PLACING AND SECURING MATS
A.  After the subgrade/backfill material has been acceptably prepared and approved by the Engineer, and the geotextile, cellular confinement system, course drain material, and geogrid have been placed, install the ACB mats in accordance with the ACB manufacturer’s approved layout drawings and as shown on the Contract Drawings. Attach the ACB mats to a spreader bar or other approved device to aid in the lifting and placing the mats in their proper position. Use a crane or other approved equipment to place the mats. The equipment used to place the mats shall have adequate capacity to place the mats without bumping, dragging, tearing or otherwise damaging the underlying systems. Tapered blocks shall be placed such that the tapered end (thinner end) of the block is situated upstream and the thicker end of the block is downstream. Place the ACB mats on the geogrid in such a manner as to produce a smooth plane surface in intimate contact with the geogrid and subgrade. No individual block within the plane of placed mat shall protrude or be recessed more than one-half inch from the surface plane of the mat. Place the mats side by side and/or end to end so that the mats abut each other. End to end placement shall allow for a 6" to 12" wide gap to accommodate the looped cable ends. 
B.  ACB Mat-to-Mat End Connections: The gap between mat ends with cable loops shall be grouted with 4,000-psi non-shrink grout or concrete to form a positive mat to mat (upstream/downstream) interlock. See project plans for complete details.
C.  ACB Terminations: Terminate ACB ends and flanks as specified on the drawings. 
D.  Wherever the seam or void space between adjoining ACB mats, or between ACB mats and perimeter structures exceeds 2 inches, the void space shall be filled with 4,000-psi non-shrink grout. Prefabricate or adjust ACB mats so that the maximum width of the void space to be filled is less than or equal to one block width. Finish the top of the cast-in-place reinforced concrete surface so that it is smooth and flush with adjacent blocks. A concrete seam will also be required at distinct changes in grade that result in a discontinuous revetment surface in the direction of flow.
E.  The open cells of each block and the spaces between the blocks shall be filled with topsoil or granular material as specified on the drawings. Topsoil shall be wetted and lightly tamped to be flush with the top of the Articulated Concrete Block system, seeded and mulched. 






END OF SECTION
