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Section 78-X. Use for anchored cable net system when requested by Geotechnical Services
78-X ANCHORED CABLE NET SYSTEM
78-X.01 GENERAL
78-X.01A Summary
Section 78-X includes specifications for furnishing and constructing anchored cable net systems as shown. 

In areas to be covered with anchored cable net, clear objectionable materials under section 16-1.03B, except leave grass intact and prune brush to 2 inches above the ground.

78-X.01B Definitions
cable net: Uniform panel consisting of double twisted wire mesh (DTWM) woven into or fastened to cable mesh with ring fasteners as shown.

pullout failure: Occurrence in which attempts to increase the test load result in rock dowel movement relative to a fixed reference point without an increase in load.

78-X.01C Submittals
78-X.01C(1) General
Submit a certified calibration chart for each jack and its gage as an informational submittal. 
Submit a copy of the manufacturer’s installation procedures and requirements for cable clips, including spacing, orientation of clip components, and required torque of nuts.
Submit certificates of compliance for cable mesh and double twisted wire mesh.
Submit shop drawings to the Engineer. Shop drawings must include:
1.	Construction schedule and sequence of drilling, installing, and grouting.
2.	Description of drilling methods and equipment including drilled hole diameter and length.
3.	Description of grout placement equipment and procedures.
4.	Details of the load testing equipment including the yoke or load frame and method of measuring movement for verification tests.

Allow 30 days for the Department’s review of shop drawings.
78-X.01C(2) Test Data
Submit the following data for each rock dowel test:

1.	Key personnel
2.	Test loading equipment
3.	Rock dowel location
4.	Time and date of:
4.1.	Drilling
4.2.	Installation
4.3.	Grouting
4.4.	Testing
5.	Hole diameter and depth
6.	Drilling method
7.	Soil or rock classification and description
8.	Volume of grout used in each hole

Submit the test data when rock dowel testing is complete or when requested.

78-X.01D  Quality Control and Assurance
[bookmark: _Toc290879970]78-X.01C(1)  Load Testing
78-X.01C(1)(a)  General
Install and test 2 verification test rock dowels for each slope zone shown. All verification test rock dowels must be installed and tested prior to beginning construction of production rock dowels in that zone. 

Proof load test 5 percent of the production rock dowels to the minimum allowable design load. 
 
The Engineer determines which production rock dowels to proof load test.

Perform load testing in the presence of the Engineer.

Jacking equipment and the yoke or load frame must be stable during all phases of loading.

No part of the yoke or load frame can bear within 1 foot of the rock dowel being tested.

Do not unload or reposition the test equipment during load testing.

Do not load test rock dowels until grout has cured for at least 72 hours.

Conduct verification load testing by measuring the load applied to rock dowel and monitoring and recording displacement of the rock dowel relative to a stable reference point founded at least 3 feet from the rock dowel and test load reaction points. 

Conduct proof load testing by measuring the load applied to rock dowel and observing any movement of the dowel head relative to the load frame and ground. 

Conduct verification and proof testing of rock dowels as follows: 	
1. Incrementally load test rock dowels as shown in the follow table:

Test Loading Schedule
	Load Increment
	Verification Test
Hold Time (minutes)
	Proof Test
Hold Time (minutes)

	AL
	Until Stable
	Until Stable

	0.25T
	2
	

	0.5T
	2
	

	0.75T
	2
	

	1.00T
	2
	5

	1.10T (creep test)
	10a
	

	AL
	Until Stable
	Until Stable


	Note: T = minimum allowable design load. AL = alignment load, 0.10T
	aCreep Test, 

2. Apply each load increment in less than 1 minute and hold for the length of time shown in the table titled “Test Loading Schedule”.
3. Measure and record:
a. Verification test: the applied test load and the rock dowel end movement at each load increment
b. Proof test: the applied test load at each load increment.
4. During the creep test:
a. Hold the load constant for 10 minutes
b. Measure and record the applied test load and rock dowel movement at 1, 2, 3, 4, 6, 8 and 10 minute intervals.
c. Plot a creep curve as a function of the logarithm of time, showing the rock dowel movement from 0 to 10 minutes during the creep test.
5. If pullout failure occurs during the test, record the failure load and time corresponding to the pullout failure as part of the test data.

Acceptance Criteria: 
1. For verification tests:
1.1. Pullout failure does not occur.
1.2. Creep movement measured is less than 0.08 inch.
1.3. Creep rate is linear or decreasing in the logarithmic scale from the 0- to the 10-minute reading.
2. For proof tests: pullout failure does not occur.

Verification test rock dowels that fail to comply with the acceptance criteria are rejected. Install and test additional verification test rock dowels until they comply with the acceptance criteria. Installation and re-testing of additional verification test rock dowels are at the expense of the contractor.

Production rock dowels represented by proof test rock dowels that fail to comply with the acceptance criteria are rejected. Submit revised shop drawings that show alternative installation methods, replacement rock dowels, or modified rock dowel layout. Installation and re-testing of proof test rock dowels and additional production rock dowels are at the expense of the contractor.
[bookmark: _Toc290879972]
78-X.01C(1)(b)  Jacking Equipment and Calibration
Calibrate each jack, load cell and pressure gage as a unit, with the cylinder extension in the approximate position it will be at the final jacking force. Each jack, load cell and pressure gage must be calibrated by an authorized laboratory within one year prior to its use on the project.
Apply the test loads using a hydraulic jack supported by a reaction frame that can support the test equipment without deformation.
Use a calibrated pressure gage and load cell to determine the magnitude of applied test loads.
The pressure gage must have an accurately reading, clearly visible dial or display. Dial gages must be graduated in 100 psi increments or less.
The load cell must be calibrated and have an indicator capable of measuring the minimum allowable design load. The load cell range must be such that the lower 10 percent of the manufacturer's rated capacity is not used in determining the jacking force. 
78-X.02  MATERIALS
78-X.02A  General
Steel plates must comply with section 75-1.02A.
Steel fasteners must comply with section 55-1.02A(1).
Cable clips must be drop forged, correspond to the external diameter of the cable used, and comply with the requirements of Federal Specification FF-C-450 Type 1, Class 1.
Lacing cables must comply with the requirements of Federal Specification RR-W-410E Type VI, Class 3, 7x19, corrosion-resistant steel. Galvanize cables under Federal Specification RR-W-410D. Lacing cables must be PVC coated to match the color of the DTWM.
Cable clips, thimbles, stop sleeves, and other cable fittings must correspond to the external diameter of the cable used and be installed per the manufacturer’s recommendations.
Galvanize all steel components and hardware under section 75-1.05.
78-X.02B Rock Dowels
Grade 60 bar reinforcement for rock dowels must comply with ASTM A615/A 615 M or A 706A 706M. Galvanize bar reinforcing for rock dowels under ASTM A 767/A 767M, Class 1, except chromating is not required.

78-X.02C Ring Fasteners
Ring fasteners must be galvanized.

Wire for ring fasteners must have a minimum diameter of 0.120 inches, including galvanization.

78-X.02D Double Twisted Wire Mesh
Double twisted wire mesh must comply with the following:
	Property
	Test Method
	Specification

	Wire tensile strength (psi)a
	ASTM A 370
	60,000 min

	Weight per unit area (psf)b
	N/A
	0.3

	a Tensile area includes galvanization.


         b Weight per unit area includes galvanization and PVC coating

Galvanize wire in accordance with ASTM A641/A641M.

Coat double twisted wire mesh with polyvinyl chloride (PVC) coating to minimum 1.5 mil film thickness. The color of the PVC coating must be either tan, black, gray, or brown.

DTWM must comply with the following:
A. Form a uniform hexagonal pattern using a non-raveling twist.
B. The major axis of any opening must not exceed 4.75 inches.
C. Openings must measure approximately 3.25 inches by 4.5 inches, ± 0.25”.
D. Splices in wire must be constructed at the manufacturing facility.
E. Partial openings at edges or joints must have a lesser area than hexagonal openings.
F. Openings must be oriented with the major axis parallel to the long direction of the panel.
G. Use selvedge wire on both edges of double twisted wire mesh panels

Double twisted wire mesh drapery panels must be a minimum of 12 feet wide.

78-X.02E Cable Mesh
Cable mesh must be either:
1. Uniform woven square pattern consisting of:
A. Minimum 5/16" diameter galvanized steel cable,
B. Square openings approximately 12 inches by 12 inches,
C. Area of square openings must not exceed 144 square inches,
OR
2. Uniform woven diamond pattern consisting of:
A. Minimum 5/16" diameter galvanized steel cable,
B. Major axis of openings must not exceed 10 inches,
C. Minor axis of openings must not exceed 10 inches,
D. Area of diamond openings must not exceed 100 square inches,

Cable mesh panels must be continuous. If the cable mesh contains cut or unsecured cable ends, unsecured cable ends must be fastened to other cables with cable clips to form closed loops. Openings at panel edges must be equal to or smaller than the maximum specified opening area. Cable mesh with a diamond pattern must have a border cable at all edges.

Cable mesh panels must be a minimum of 12 feet wide.

Fasteners or connections where cables cross must resist slipping or breaking and maintain the specified opening size. 

Coat cable mesh with polyvinyl chloride (PVC) coating to minimum 1.5 mil film thickness or electrostatically applied powder coating per the manufacturer’s recommendations. The color of the coating must be either tan, black, gray, or brown and match the DTWM.

78-X.02F Grout
7-6-2015
78-X_N3-17-14
Page 6 of 6

The grout must comply with section 50, except the grout is not required to pass through a screen with 0.07-inch maximum clear openings before being introduced into the grout pump.
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78-X.03 CONSTRUCTION
78-X.03A General
Exposed portions of rock dowels, plates, nuts, and washers must be painted and match the color of the DTWM under section 59.

Determine the drilled hole diameter, length, and installation methods required to meet rock dowel acceptance criteria.

Install rock dowels in drilled holes and grout rock dowels in the same work shift. If the rock dowel cannot be installed in the hole due to caving, re-drill the hole. Re-drilling holes is at the expense of the contractor.

Remove all loose soil and rock from the drilled hole before placing the bar reinforcement. Install bar reinforcement for rock dowels in drilled holes with centralizers as shown. Securely fasten centralizers to bar reinforcement. Fill drilled holes with a dense grout, free of voids and foreign material. Grout holes in a continuous operation. Pump grout to the low end of the drilled hole through a tremie tube without air voids or inclusion of foreign material. Do not disturb rock dowels until grout has cured.

Construct production rock dowels using the same equipment, methods, and hole diameter used for verification test rock dowels that met acceptance criteria.

Field mark the location of each production rock dowel on the slope for approval by the Engineer prior to beginning construction of production rock dowels. Adjust the layout and location of individual rock dowels to conform to local topography and provide maximum ground contact between the cable net and slope. Additional off-layout rock dowels must be approved by the Engineer. Furnishing and installing additional off-layout rock dowels is change order work.

If not woven into cable mesh, fasten DTWM to cable mesh on level ground with ring fasteners as shown. 

Install cable net panels on the slope working from the top down, either before or after installation of the rock dowels. Mold cable nets to lie flush with the slope and maximize ground contact. Minimize voids between the cable nets and the ground surface by manually pushing the cable net panels against the slope during installation. Install adjacent panels edge-to-edge as shown to minimize overlap. Furnish and install filler panels as required to provide a continuous drapery over local topography. Lace cable net seams as shown. Do not damage the cable net or its coating during installation of rock dowels. Secure the cable nets to rock dowels by placing rock dowels through openings in cable nets and installing plates, washers, and nuts as shown. Tighten nuts such that the cable net is in contact with the ground, except where local topography requires otherwise.  

Lacing cable must alternately pass through every cable mesh opening at seams and folds as shown. 
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78-X.04 PAYMENT
Furnishing, installing and testing verification and proof test rock dowels is paid for as rock dowels.
Grout and hardware for rock dowels are paid for as rock dowels.


