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SB-1
(2511) RANDOM RIPRAP (MATRIX)
Modify and/or supplement MnDOT 2511 with the following:

SB-1.1
Description


 
This work consists of constructing matrix riprap in accordance with the MnDOT Standard Specification 2511 and the following:



Furnish and place stone riprap, at the locations shown in the Plans, as a protective covering on earth slopes, piers, abutments, walls, or other structures, where the soil is susceptible to erosion.  Then partially fill the voids of the riprap matrix with a Portland cement based grout by hose or tremie.  The final configuration results in an armor layer that retains approximately 50% of the void space of the original riprap.    Place matrix riprap “in the dry”, with no installation of matrix riprap underwater.  Place riprap on a filter layer consisting of granular material or geotextile material as specified in the plans or by the Engineer. 

SB-1.2
Materials



Satisfy the materials requirements of 2511.2 except as modified below.



Modify 3601.2 Riprap Materials by adding section 3601.2.A.2.e



3601.2.A.2.e Matrix Riprap 



Furnish stones that meet the requirements of Table 3606-1, the class required as specified on the plans, or by the Engineer.  Only use Class III , IV or V for matrix riprap.


Modify 2511.2.C 3A-Grout as follows:



2511.2.C  Replace the material requirements of 3A-Grout with the following:



The approximate mix design for the grout required for one cubic yard of mix is shown in Table 1 below.  The applicable materials specifications are listed next to each material in the grout mix.  Contractor Mix design is required before placement of the matrix riprap.  Check gradation and quality of the crusher chips and sand whenever new material is brought onto the project.

Table 1: Approximate Mix Design for Grout (one cubic yard of mix)

	Material
	Material Specification
	Quantity  lbs [kg]

	Portland Cement
	3101
	740 to 760  [336 to 345]

	Fine aggregate (sand), dry
	3126
	1180 to 1200  [535 to 544]

	¼” Crusher chips, dry
	3137 No. 4 (ASTM #89)
	1180 to 1200  [535 to 544]

	Water
	3906
	420 to 450  [190 to 204]

	Air entrainment
	3113
	8 to 12%




Color Admixture:



Add a color pigment in a color found in the natural stone riprap used.  Provide a single-component, pigmented admixture, factory formulated and packaged in cubic foot dosage increments, not multiple additives and pigments to be dosed separately into the mix.  Follow manufacturer’s instructions for all batching, placing, finishing, and curing.  Develop color samples by the Contractor using the test section specified below.


Quality Assurance Requirements:



The Engineer will perform two different Consistency (Slump) Tests on the grout mix (1) a European Flow Table test using a specialized slump cone and table developed for grout material used in matrix riprap applications (2) a standard American slump test.  Obtain the specialized test equipment from the MnDOT Bridge Office Hydraulics Unit before the placement of the matrix riprap.  Perform the slump tests a minimum of 2 times per day or whenever new materials are brought onto the project.  Make sure to take grout for the tests from the discharge point (i.e. end of the hose) for proper consistency readings.  The European Flow Table test is the standard in matrix riprap applications.
(1) European Flow Table test procedure (using specialized slump cone and table): 



Place the slump cone on the table, the surface should be completely dry.  Fill the cone with the grout mixture in two layers, rodding each layer 25 times.  Use the rod to smooth off the top of the grout so it is flush with the cone.  Pick the slump cone straight up off the table, allowing the grout to spread out on the table.  Measure the diameter of the grout mix on the table and record.  Tap the table up and down 15 times.  Measure the diameter and record.  Grout shall meet requirements before it is allowed to be placed.



The target values for the grout consistency (slump) test are as follows:



13.4 to 15 in [34 to 38 cm] diameter, no tapping of the table



19.7 to 21.25 in [50 to 54 cm] diameter, 15 taps of the table 
(2) Follow ASTM C143 “Standard Test Method for Slump of Hydraulic-Cement Concrete” 



Record and compare target values of both grout Consistency tests. The target values for the standard American slump (ASTM C143) test are as follows:



6.5 to 7.5 in [16.5 to 19 cm] vertical slump  

SB-1.3
Construction Requirements



Satisfy the construction requirements of 2511.3 except as modified below.



Modify 2511.3.A General as follows:



2511.3.A General  Change the third paragraph to read: 



Place riprap on a filter material, to the thickness and extents specified in the plans or by the Engineer.


Modify 2511.3.C Riprap Stone by adding section 2511.3.C.3:



2511.3.C.3 Matrix Riprap


Place matrix riprap stones as specified for random riprap.  



Modify 2511.3.D Grouting as follows:



2511.3.D Grouting  Replace the section with the following: 



Test section:



Before application of the grout on the entire riprap installation, complete a test section, to be observed by the Engineer.  Make this section the same thickness as the standard riprap section, and have minimum dimensions of 10 ft by 10 ft [3 m by 3 m].  The Engineer will visually observe the application of the grout, inspect the final grout configuration in the test section, and approve of the method/application.  Once approved, use the same method/application used in the test section for the rest of the matrix riprap installation.



Grouting Method/Application:



Table 2 below presents the recommended values for quantity of grouting material as a function of the class (size) of the riprap.  Take care so that the application quantities are not exceeded, as too much grout can create an impermeable layer on the surface of the armor layer or on the filter at the bottom of the riprap.  Before placing the grout, wet the riprap so it is clean and will bond to the grout.
Table 2: Grouting Material Quantities

	Riprap Size Class
	Application Quantity of Grout  ft3/yd2  [ m3 grout / m2 riprap]

	Class III
	2.0 – 2.2  [0.7 – 0.8]

	Class IV
	2.7 – 3.2  [1.0 – 1.1]

	Class V
	3.4 – 4.1  [1.2 – 1.4]




Dispense grout from a flexible hose or tremie attached to a boom on a concrete pump truck or grout pump.  The recommended hose diameter size is 2-3 in [5-7.5 cm].  Optimal grout flow rate is no more than 10 gal/min [0.6 l/s] to allow for a manageable and uniform rate of placement on the riprap slope.  Supply grout to the pump truck from a standard concrete mixer truck.  Apply the grout by hand using the hose or tremie line-by-line along matrix riprap.  


After application of the grout on the riprap matrix, approximately 50% of the original void space in the riprap will be retained.  The upper half of the riprap layer should have approximately two-thirds of the voids filled with grout, and the lower half of the riprap layer should have approximately one-third of the voids filled with grout.

SB-1.4
Measurement and Payment


Measurement will be made by volume, computed on the basis of surface area and thickness of the Class XXX Riprap.  Payment will be made under Item 2511.607 “Random Riprap (Matrix)” at the Contract bid price per cubic yard, which shall be payment in full for all costs involved, including the riprap, grout, labor and equipment.
Designer Note: Contact the MnDOT Bridge Office Hydraulics Unit for a recommendation of the class (size) of riprap.  
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