
SHOTCRETE REPAIRS
(12-5-12)
General
The work covered by this Special Provision consists of removing deteriorated concrete from the structure in accordance with the limits, depth and details shown on the plans, described herein and as established by the Engineer.  This work also includes removing and disposing all loose debris, cleaning and repairing reinforcing steel and applying shotcrete.

The location and extent of repairs shown on the plans are general in nature.  The Engineer shall determine the extent of removal in the field based on an evaluation of the condition of the exposed surfaces.

Any portion of the structure that is damaged from construction operations shall be repaired to the Engineer’s satisfaction, at no extra cost to the Department.  

Material Requirements
Use prepackaged shotcrete conforming to the requirements of ASTM C1480, the applicable sections of the Standard Specifications and the following:
	Test Description
	Test Method
	Age (Days)
	Specified Requirements

	Silica Fume (%)
	ASTM C1240
	-
	10 (Max.)

	Water/Cementitious Materials Ratio
	-
	-
	0.40 (Max.)

	Air Content - As Shot (%)
	ASTM C231
	-
	4 ± 1

	Slump - As Shot (Range in inches)
	ASTM C143
	-
	2 - 3

	Minimum Compressive Strength (psi) 
	ASTM C39
	7
28
	3,000
5,000

	Minimum Bond Pull-off Strength (psi)
	ASTM C1583
	28
	145

	Rapid Chloride Permeability Tests (range in coulombs)
	ASTM C1202
	-
	100 - 1000


Admixtures are not allowed unless approved by the Engineer.  Store shotcrete in an environment where temperatures remain above 40°F and less than 95°F     
All equipment must operate in accordance with the manufacturer's specifications and material must be placed within the recommended time.

Quality Control

A. Qualification of Shotcrete Contractor

The shotcrete Contractor shall provide proof of experience by submitting a description of jobs similar in size and character that have been completed within the last 5 years.  The name, address and telephone number of references for the submitted projects shall also be furnished.  Failure to provide appropriate documentation will result in the rejection of the proposed shotcrete contractor.
B. Qualification of Nozzleman
The shotcrete Contractor’s nozzleman shall be certified by the American Concrete Institute (ACI).  Submit proof of certification to the Engineer prior to beginning repair work. The nozzleman shall maintain certification at all times while work is being performed for the Department.  Failure to provide and maintain certification will result in the rejection of the proposed nozzleman.
Temporary Work Platform 
Prior to beginning any repair work, provide details for a sufficiently sized temporary work platform at each repair location.  Design steel members to meet the requirements of the American Institute of Steel Construction Manual.  Design timber members in accordance with the “National Design Specification for Stress-Grade Lumber and Its Fastenings” of the National Forest Products Association.  Submit the platform design and plans for review and approval.  The design and plans shall be sealed and signed by a North Carolina registered Professional Engineer.  Do not install the platform until the design and plans are approved.  Drilling holes in the superstructure for the purpose of attaching the platform is prohibited.  Upon completion of work, remove all anchorages in the substructure and repair the substructure at no additional cost to the Department.

Surface Preparation

Prior to starting the repair operation, delineate all surfaces and areas assumed to be deteriorated by visually examining and sounding the concrete surface with a hammer or other approved method.  The Engineer is the sole judge in determining the limits of deterioration.

Prior to removal, introduce a shallow saw cut approximately ½” in depth around the repair area at right angles to the concrete surface.  Remove all deteriorated concrete 1 inch below the reinforcing steel with a 17 lb (maximum) pneumatic hammer with points that do not exceed the width of the shank or with hand picks or chisels as directed by the Engineer.  Do not cut or remove the existing reinforcing steel.  Unless specifically directed by the Engineer, do not remove concrete deeper than 1 inch below the reinforcing steel.

Abrasive blast all exposed concrete surfaces and existing reinforcing steel in repair areas to remove all debris, loose concrete, loose mortar, rust, scale, etc.  Use a wire brush to clean all exposed reinforcing steel.  After sandblasting examine the reinforcing steel to ensure at least 90% of the original diameter remains.  If there is more than 10% reduction in the rebar diameter, splice in and securely tie supplemental reinforcing bars as directed by the Engineer.  
Provide welded stainless wire fabric at each repair area larger than one square foot if the depth of the repair exceeds 2 inches from the “As Built” outside face.  Provide a minimum 4" x 4" - 12 gage stainless welded wire fabric unless otherwise shown on the plans.  Rigidly secure the welded wire fabric to existing steel or to 3/16" diameter stainless hook fasteners adequately spaced to prevent sagging.  Encase the welded wire fabric in shotcrete a minimum depth of 1½ inches.

The contractor has the option to use synthetic fiber reinforcement as an alternate to welded wire fabric if attaching welded wire fabric is impractical or if approved by the Engineer.  Welded wire fabric and synthetic fiber reinforcement shall not be used in the same repair area.
Thoroughly clean the repair area of all dirt, grease, oil or foreign matter, and remove all loose or weakened material before applying shotcrete.  Saturate the repair area with clean water the day before applying shotcrete.  Bring the wetted surface to a saturated surface dry (SSD) condition prior to applying shotcrete and maintain this condition until the application begins.  Use a blowpipe to facilitate removal of free surface water.  Only oil-free compressed air is to be used in the blowpipe.
The time between removal of deteriorated concrete and applying shotcrete shall not exceed 5 days. If the time allowance exceeds 5 days, prepare the surface at the direction of the Engineer before applying shotcrete.
Application and Surface Finish 
Apply shotcrete only when the surface temperature of the repair area is greater than 40°F and less than 95°F.  Do not apply shotcrete to frosted surfaces.  Maintain shotcrete at a minimum temperature of 40°F for 3 days after placement.

Apply shotcrete in layers. The properties of the applied shotcrete determine the proper thickness of each layer or lift.

The nozzleman should hold the nozzle 3 to 4 feet from the surface being covered in a position that ensures the shotcrete strikes at right angles to the surface being covered without excessive impact.  The nozzleman shall maintain the water amount at a practicable minimum, so the mix properly adheres to the repair area.  Water content should not become high enough to cause the mix to sag or fall from vertical or inclined surfaces, or to separate in horizontal layers.

Use shooting wires or guide strips that do not entrap rebound sand.  Use guide wires to provide a positive means of checking the total thickness of the shotcrete applied. Remove the guide wires prior to the final finish coat.

To avoid leaving sand pockets in the shotcrete, blow or rake off sand that rebounds and does not fall clear of the work, or which collects in pockets in the work.  Do not reuse rebound material in the work.

If a work stoppage longer than 2 hours takes place on any shotcrete layer prior to the time it has been built up to required thickness, saturate the area with clean water and use a blowpipe as outlined previously, prior to continuing with the remaining shotcrete course.  Do not apply shotcrete to a dry surface.

Finish all repaired areas, including chamfered edges, as close as practicable to their original “As Built” dimensions and configuration.  Provide a minimum 2" of cover for reinforcing steel exposed during repair.  Slightly build up and trim shotcrete to the final surface by cutting with the leading edge of a sharp trowel.  Use a rubber float to correct any imperfections.  Limit work on the finished surface to correcting imperfections caused by trowel cutting.

Immediately after bringing shotcrete surfaces to final thickness, thoroughly check for sags, bridging, and other deficiencies.  Repair any imperfections at the direction of the Engineer.

Prevent finished shotcrete from drying out by maintaining 95% relative humidity at the repair and surrounding areas by fogging, moist curing or other approved means for seven days.
Material Testing & Acceptance
Each day shotcreting takes place, the nozzleman shall shoot one 18" x 18" x 3" test panel in the same position as the repair work that is being done to demonstrate the shotcrete is being applied properly.  Store, handle and cure the test panel in the same manner as the repaired substructure.
Approximately 72 hours after completing the final shotcrete placement, thoroughly test the surface with a hammer.  At this time, the repair area should have sufficient strength for all sound sections to ring sharply.  Remove and replace any unsound portions prior to the final inspection of the work.  No additional compensation will be provided for removal and replacement of unsound shotcrete.

After 7 days, core three 3" diameter samples from each test panel and from the repaired structure as directed by the Engineer.  Any cores taken from the structure shall penetrate into the existing structure concrete at least 2 inches.  Cores shall be inspected for delamination, sand pockets, tested for bond strength and compressive strength.  If a core taken from a repaired structure unit indicates unsatisfactory application or performance of the shotcrete, take additional cores from the applicable structure unit(s) for additional evaluation and testing as directed by the Engineer.  Any repair work failing to meet the requirements of this provision will be rejected and the Contractor shall implement a remediation plan to correct the deficiency at no additional cost to the Department.  No extra payment will be provided for drilling extra cores.  Patch all core holes in repaired structure units to the satisfaction of the Engineer.  All material testing, core testing and sampling will be done by the Materials and Tests Unit of North Carolina Department of Transportation.

Measurement And Payment

Shotcrete Repairs will be measured and paid for at the contract unit price bid per cubic foot and will be full compensation for removal, containment and disposal off‑site of unsound concrete including the cost of materials, labor, tools, equipment and incidentals necessary to complete the repair work.  Depth will be measured from the original outside concrete face.  The Contractor and Engineer will measure quantities after removal of unsound concrete and before application of repair material.  Payment will also include the cost of sandblasting, surface cleaning and preparation, cleaning of reinforcing steel, placement of new steel, cost of temporary work platform, testing for soundness, curing of shotcrete and taking core samples from the test panels and substructure units.
Payment will be made under:

	Pay Item
	Pay Unit

	Shotcrete Repairs 
	Cubic Feet


1
4
5

