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This spec was Supplied By Geotechnical Section 5, San Luis Obispo, California 805-549-3663 for use in Ortega Hill Project 05-448101.  Edited on August 19, 2003.  

10‑1__  ROCKFALL BARRIER 2M H
MF**

Rockfall barrier shall consist of furnishing and constructing, a rockfall barrier as shown on the plans, as specified in these special provisions, as instructed by the manufacturer and as directed by the Engineer.  The rockfall barrier net includes posts with detachable base plate, post foundations, cable or wire rope, cable anchor foundations, cable anchors, cable net and wire mesh.

GENERAL REQUIREMENTS
A field visit to the project site prior to bid is required.  The Materials Information Handout for the site is available for review at Department of Transportation, District 05, 50 Higuera Street, San Luis Obispo, CA 93401.

MF**

The rockfall barrier shall be capable of absorbing 5 kJ kinetic energy (KE) with no distress of connecting elements. Engineering calculations demonstrating such shall be made available to Engineeror as specified on the plans.  The rockfall barrier shall not allow rocks greater than 120 mm in minimum dimension to pass through the system.

All work shall be done within the existing State right of way.

The rockfall barrier shall have demonstrated satisfactory performance in a similar applications and capacities.  Results of said performances shall be made available to the Engineer.

The rockfall barrier design shall have the structural strength to retain the load imposed by the rocks in the configuration shown on the plans with no distress of connecting elements. Engineering calculations demonstrating such shall be made available to Engineer.

The rockfall barrier shall be comprised of standard components to the extent practical and shall withstand 3 design loads without requiring maintenance.  The rockfall barrier shall be resistant to corrosion, UV degradation, and thermal deterioration.

All rockfall barrier components shall be colored. The color shall be tan, similar in hue to Federal Standard Color #30257. A sample of the color and netting shall be submitted to the Engineer. The color shall be approved by the Engineer prior to the contractor placing any of the rock fall barrier components. The posts shall be on detachable base plates.

The post spacing shall be as shown on the plans and specified in these special provisions.

The net heights shall be as shown on the plans.

When loops are made in the cable, a thimble shall be used.

The Contractor may use one of the following manufacturers or an alternate system may be submitted for pre-qualification and approval: 

Cable Net Suppliers:

GEOBRUGG

Brugg Cable Products 

Model # R54‑XCP‑CC

551 Cordova Road, PMB 730

Santa Fe, NM  87505

(505) 438‑6161

Chama Valley Productions, LLC

Model # F30

287 Maple Street

PO Box 280

Chama, New Mexico 87520

(505) 756‑1032

SUBMITTALS

Ten sets of complete working drawings and calculations, signed by an engineer who is registered as a Civil Engineer in the State of California, shall be submitted by the Contractor to the Engineer in accordance with the provisions in Section 5‑1.02, "Plans and Working Drawings," of the Standard Specifications.  Working drawings shall be 559 mm x 864 mm (22" x 34") in size and each drawing and calculation sheet shall include a contract number.  The manufacturer's name, address and phone number shall be shown on the working drawings.  Each sheet shall be numbered in the lower right hand corner and shall contain a blank space in the upper right hand corner for future contract sheet numbers.

The Contractor shall allow the Engineer two weeks to review the working drawings after all ten complete sets have been received.  Construction of the rockfall barrier shall commence only after the review and approval of the working drawings by the Engineer.

MATERIALS

The cable net and wire mesh system and all hardware shall be protected from corrosion.
Structural steel components, including cable anchor, bolts, post foundation bolts, detachable base plates, clamps and clips, shall be Galvanized and comply with ASTM Designation: F 593.

Miscellaneous hardware shall be Galvanized and shall comply with ASTM Designation F 593.

Nuts shall be Galvanized and comply with ASTM Designation F 594.

Washers and plates shall be Galvanized and comply with ASTM Designation A 240.

The wire ropes and cables that make up the infrastructure of the rockfall barrier shall be Galvanized, polyvinyl chloride coated ( 15 mils minimum film thickness)..  The polyvinyl chloride coating shall be removed in the locations of the wire rope clamps.
CABLE NET

Cable net used in the installation shall be Galvanized coated with polyvinyl chloride ( 15 mils minimum film thickness. The color of coating shall be tan.

In place of the cable net, 300 mm diameter wire rings with a zinc/aluminum coating of 250 g per square meter may be used.  The wire rings shall be painted with one coat of protective primer and with one additional coat of paint prior to being shipped to the job site.  Any paint applied at the job site shall be applied by brush or roller.  The color of paint shall be brown and tan.  Painting shall conform to the provisions in Section 59, "Painting," of the Standard Specifications.

WIRE MESH

Wire mesh fabric used in the installation shall be zinc coated (244 g per square meter), 9 gage, and polyvinyl chloride coated ( 15 mils minimum film thickness).

Individual wires of mesh shall meet the following minimum requirements:

Tensile Strength (Map) ASTM: A 370 414 Min.

Tensile area includes polyvinyl chloride coating.

The color of coating shall be tan.

The mesh shall form a uniform diagonal.  The major axis of any opening shall not exceed 120 mm.
Tie wires for fastening the wire mesh to support cables and to adjacent panels shall be galvanized and no smaller than 13.5 gage, coated with polyvinyl chloride (15 mils minimum film thickness). diagonal wire mesh shall be securely fastened to the cable net.  Spacing of the tie wires should be a minimum of 153 mm and a maximum of 457 mm.

There shall be no discontinuity in the wire mesh.  Connection of the wire mesh shall be equal to or greater than the strength of the mesh.

The twisted wire mesh shall be placed between the slope and the cable net.

POSTS

Posts for net supporting shall be painted with one coat of protective primer and with one additional coat of paint prior to being shipped to the job site.  Any paint applied at the job site shall be applied by brush or roller.  The color of paint shall be brown.  Painting shall conform to the provisions in Section 59, "Painting," of the Standard Specifications.

POST FOUNDATIONS AND CABLE ANCHOR FOUNDATIONS
The Contractor shall submit working drawings for the post foundations and cable anchor foundations based  on the geological conditions shown in the Materials Information Handout.  The working drawings shall include alternate foundation designs for each of the following conditions:

	
	GEOBRUGG 
	CHAMA

	1. Soil

Model or Item or Design  #
	FS-Low
	 8204

	2. Mixed Soil and Rock

Model or Item or Design #
	FSR-Low
	8203

	3. Rock

Model or Item or Design #
	FR-Low
	8202


Cable anchors shall be a Galvanized cable or wire rope.

All cable anchor shall be installed in drilled holes using centralizers.  Centralizers shall adequately support the cable anchor in the center of the drilled hole and shall be spaced at a maximum of 600 mm.  The drill hole diameter shall be a minimum of 50 mm.  The center to center spacing between two adjacent cable anchor foundations shall be at least 5 times the diameter of the drilled hole.

Concrete or grout used in cable anchor foundations and concrete used in post foundations shall conform to the requirements in these special provisions.  Grout shall not be used for post foundations.

Prior to pouring the concrete in the drilled hole, the Contractor shall moisten the subgrade to a minimum depth of 50 mm from the soil/concrete interface and remove all loose soil and rocks from the hole.  Concrete shall conform to the Section 90‑10, "Minor Concrete," of the Standard Specifications.  The Contractor shall cure the concrete at a minimum temperature of 10 degrees C for a period of 72 hours and at a minimum temperature of 0 degrees C or for an additional period of 72 hours.  At the option of the Contractor, concrete may be cured in accordance with Section 90‑7.01B, "Curing Compound Method," of the Standard Specifications.

Grout in the drilled hole shall conform to the provisions in Section 50‑1.09, "Bonding and Grouting," of the Standard Specifications.  California Test 541 will not be required nor will the grout be required to pass through the screen with a 1.8 mm - maximum clear opening prior to being introduced into the grout pump.  Fine aggregate may be added to the grout mixture of portland cement and water in holes 100 mm in diameter or greater, but only to the extent that the cement content of the grout is not less than 502 kilograms per cubic meter of grout.  Fine aggregate , if used , shall conform to the provisions in Section 90‑2, " Materials," and Section 90‑3, "Aggregate Gradings ," of the Standard Specifications.

All cable anchor foundations shall be proof tested by the Contractor at 1.5 times the allowable design load in accordance with the testing section in these special provisions.  The allowable design load shall be as shown on the working drawings.  One hundred percent of the total number of cable anchor foundations shall be tested.  All failed cable anchor foundations shall be replaced and retested at the Contractor's expense.

TESTING 

Testing shall be performed against a temporary yoke or load frame.  No part of the yoke or load frame shall bear within 0.9 meter of the anchor foundation.

Cable anchor foundations shall be pullout tested by the Contractor in the presence of the Engineer.  A pullout test consists of incrementally loading the cable anchor to the maximum test load or failure point, whichever occurs first.  Failure point shall be the point where the movement of the cable anchor foundation continues without an increase in the load or when the cable anchor foundation has displaced 50 mm.  The failure load corresponding to the failure point shall be recorded as part of the test data.

During the load test the Contractor shall monitor and record displacement of the cable anchor foundation relative to a stable reference point.

The pullout test shall be conducted by measuring the test load applied to the cable anchor and the cable anchor foundation end movement.

Applied test loads shall be measured by the Contractor with either a calibrated pressure gage or a load cell.  Movements of the end of the cable anchor foundation shall be measured and recorded during the load tests.

The pressure gage shall have an accurately reading dial at least 150 mm in diameter and each jack and its gage shall be calibrated as a unit with the cylinder extension in the approximate position that it will be at final jacking force, and shall be accompanied by a certified calibration chart.  The gauge shall have been calibrated within one year prior to use on the project.

The cable anchor foundation shall be unloaded only after completion of the test.

INSTALLATION

All materials shall be labeled by the manufacturer in order for the Contractor to identify the materials on the manufacturer's working drawings.

The cable anchor foundations and post foundations shall be installed in accordance with the requirements of the manufacturer, as shown on the working drawings, as specified in theses special provisions, and as directed by the Engineer.

The foundation work for post foundations and cable anchor foundations shall be performed in accordance with rockfall barrier manufacturer specifications and working drawings.  The distance from centerline to centerline of the post for rockfall barrier shall be within 75 mm of the distance indicated on the plans.

The rockfall barrier shall be installed in accordance with the requirements of the manufacturer, as shown on the working drawings, as specified in these special provisions, and as directed by the Engineer.

CERTIFICATE OF COMPLIANCE

The Contractor shall provide the Engineer with a Certificate of Compliance from the manufacturer in accordance with the provisions of Section 6‑1.07, "Certificate of Compliance," of the Standard Specifications.

 A Certificate of Compliance shall be provided to the Engineer certifying that the materials, additional corrosion protection and rockfall barrier to be furnished conform to the requirements of these special provisions.  The Certificate of Compliance shall be supported by a certified copy of the results of tests performed by the manufacturer.

MF**

MEASUREMENT AND PAYMENT

The quantity of rockfall barrier to be paid for will be determined by the meter from actual measurement made parallel to the ground slope from the first post to the last post of the rockfall barrier along the line of the completed rockfall barrier.

The contract price paid per meter for rockfall barrier shall include full compensation for furnishing all labor, materials, tools, equipment, and incidentals, and for doing all the work involved in installing rockfall barrier, complete in place, including the testing of cable anchor foundations, as specified in the Standard Specifications and these special provisions, and as directed by the Engineer.


