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SECTION 033713 – SHOTCRETE
PART 1 -  GENERAL

1.1 SUMMARY

A. Related Documents:

1. Drawings and general provisions of the Subcontract apply to this Section.

2. Review these documents for coordination with additional requirements and information that apply to work under this Section.

B. Section Includes: Pneumatically applied concrete.
C. Related Sections:
1. Division 01 Section "General Requirements."
2. Division 01 Section "Special Procedures."
3. Division 03 Section "Concrete".
4. Division 03 Section "Concrete Reinforcing".
5. Division 03 Section "Cast-in-Place Concrete".
1.2 REFERENCES  

A. General:

1. The following documents form part of the Specifications to the extent stated. Where differences exist between codes and standards, the one affording the greatest protection shall apply.

2. Unless otherwise noted, the referenced standard edition is the current one at the time of commencement of the Work.

3. Refer to Division 01 Section "General Requirements" for the list of applicable regulatory requirements.

B. ACI – American Concrete Institute:
1. ACI 506R 
Guide to Shotcrete 

2. ACI 506.2 
Specifications for Shotcrete

C. ASTM International:
1. ASTM C33 
Standard Specification for Concrete Aggregates
2. ASTM C150 
Standard Specification for Portland Cement
3. ASTM C1140 
Standard Practice for Preparing and Testing Specimens from Shotcrete Test Panels
4. ASTM C1141 
Standard Specification for Admixtures for Shotcrete
1.3 SUBMITTALS

A. Submit under provisions of Division 01 Section "General Requirements."
B. Qualifications of shotcrete applicator and personnel performing the work.

C. Mix designs including compressive test data used to establish proportions. Material certificates for shotcrete materials, including cements, aggregates and admixtures.  Submit to Testing Laboratory for record purposes.

D. Submit batch tickets to Testing Laboratory for each batch of shotcrete, indicating weight of cement, aggregate, water and admixtures.

E. Samples as requested by the Testing Laboratory or University.

1.4 QUALITY ASSURANCE

A. Perform shotcrete work in accordance with the requirements of ACI 506.2, "Specifications for Materials, Proportioning, and Application of Shotcrete," and [Section 1924 of the California Building Code].

B. Shotcrete Mix Design:  Testing laboratory shall, under direction of its California registered Civil Engineer, design shotcrete mixes.  Each mix shall bear the signature and registration number of the responsible engineer.

C. Test Panels:  Prepare preconstruction test panels at least 21 days prior to job placement, using the mix and equipment proposed for the project.

1. Each proposed nozzleman shall prepare a panel demonstrating each shooting orientation.

2. Fabricate test panels in accordance with ASTM C1140 and CBC 1924.5 and as approved by the University's Representative.

3. Notify Testing Laboratory to observe placement of panels.  Maintain panels at point of fabrication for 7 days and until Testing Laboratory has taken cores.

4. Samples taken from test panel shall achieve a mean core grade of 2.0, in accordance with Section 1.7 of ACI 506.2, "Shotcrete Core Grades".  In the event of failure, nozzleman shall be permitted one retest.  Any nozzleman failing the second test shall not be permitted on the project.

D. Certificates of Compliance:  Acceptability of the following materials will be based upon documentation furnished by the manufacturer identifying each batch of material and certifying compliance with the requirements specified.

1. Portland cement

2. Fly Ash

3. Admixtures

E. Certified laboratory test reports:  Before delivery of materials, certified copies of the reports of all tests required in referenced publications or otherwise specified here shall be submitted. Certified test reports are required for the following:

1. Cement

2. Aggregates

3. Admixtures 

1.5 ENVIRONMENTAL REQUIREMENTS

A. Ensure materials and surrounding air temperature are a minimum 40 deg F (4.4 deg C) prior to, during, and seven days after completion of work.

B. During freezing or near freezing weather, provide equipment and cover to maintain minimum 40 deg F (4.4 deg C) and to protect work completed or work in progress.

C. Suspend shotcrete operations during high winds, rainy weather, hot weather, or near freezing temperatures when work cannot be protected.

PART 2 -  PRODUCTS

2.1 MATERIALS

A. Concrete materials shall conform to the appropriate requirements of Section [Division 03 Section "Concrete Reinforcing"] Division 03 Section "Cast-in-Place Concrete"], ACI 506R and ACI 506.2 except as specified herein for adjustment of aggregate and mix for placing.

B. Addmixtures:  ASTM C1141.

C. Aggregate:  ASTM C33, combined Gradation No. 2 as specified in ACI 506.R.

2.2 SHOTCRETE MIX

A. Proportion shotcrete mix in accordance with ACI 506.2.to achieve 4,000 psi (27.6 MPa) compressive strength at 28 days.

B. Provide a mix that is plastic enough to give good compaction and low percentage of rebound, but stiff enough not to sag.

C. Measure and mix shotcrete in accordance with requirements of [Division 03 Section "Concrete Reinforcing"] Division 03 Section "Cast-in-Place Concrete"].

2.3 EQUIPMENT

A. Equipment: Equipment of design and size which has given good results in similar work; pneumatic feed type; capable of maintaining continuous placement.

B. Air Supply:  Clean, dry air adequate for maintaining sufficient nozzle velocity, uniformly steady for work while simultaneously operating blow pipe for cleaning away rebound.

C. Delivery Equipment:  Capable of discharging aggregate-cement-water mixture accurately, uniformly, and continuously through the delivery hose.

PART 3 -  EXECUTION

3.1 EXAMINATION
A. Verify that field conditions are acceptable and are ready to receive work.

B. Verify fabricated forms are true to line and dimension, adequately braced against deflection and vibration, and constructed to permit escape of air and rebound during gunning operations.

C. Ensure correct placement of reinforcement.  Ensure sufficient clearance around reinforcement to permit complete encasement.

D. Ensure easy access to shotcrete surfaces for screening and finishing, to permit uninterrupted application.

E. Beginning of installation means the Subcontractor accepts that the existing conditions meet the above criteria.

3.2 PREPARATION

A. Prepare smooth, even surfaces.  Minimize abrupt changes in thickness of repair.  Remove square external corners from substrate by radiating the edge.

B. Ensure that forms are true to line and dimension, adequately braced against deflection and vibration, and constructed to permit escape of air and rebound during gunning operations.

C. Do not place shotcrete on any surface which is frozen, spongy or where there is standing water.

D. Shotcrete placed against existing concrete or masonry - Remove unsound material before applying shotcrete. Chip or scarify any area to be repaired to remove off-sets which would cause an abrupt change in thickness without suitable reinforcement.  Taper edges to leave no square shoulders at the perimeter of a cavity.  Remove loose material from areas receiving shotcrete.  Wet the surface until it is damp, but without visible free water. [Remove paint, oil, grease and other contaminants and apply bonding agent to provide a surface for proper bonding of the shotcrete.]
3.3 ALIGNMENT CONTROL

A. Provide alignment wires to establish thickness and plane of required surfaces.

B. Install alignment wires at corners and offsets not established by forms.

C. Tighten alignment wires true to line.  Position adjustment devices to permit additional tightening.

3.4 APPLICATION

A. Ensure sufficient clearance around reinforcement to permit complete encasement. 

B. Allow easy access to shotcrete surfaces for screening and finishing to permit uninterrupted application.

C. Establish, and adhere to, operating procedures for placement in close quarters, at extended distances or around unusual obstructions where placement velocities and mix consistency must be adjusted.

D. When shotcreting walls, begin the application at the bottom and work upwards.  Ensure that the work does not sag.

E. Direct nozzle perpendicular to surface to ensure maximum compaction with minimum rebound.

F. Build up thickness by layers, in multiple passes of the nozzle over the work area.  Follow a routing that will fill and completely encase reinforcement, using maximum layer thickness.

G. Allow each layer to take initial set before applying succeeding layers.

H. After initial set, remove excess material outside of forms and alignment lines.

I. Remove laitance that has taken final set by sandblasting.  Clean with air-water jet.

J. Sound work with hammer for voids.  Cut out voids and replace with new shotcrete layers.

K. Remove trapped rebound at construction and expansion joints.

L. Remove rebound material which does not fall clear of the work. Discard salvaged rebound.

M. Keep rebound and other loose or porous material out of new construction.

N. Provide troweled finish of final layer.  Avoid troweling of thin sections of shotcrete unless both troweling and commencement of moisture curing take place, within a relatively short period after placement of shotcrete.  Do not scrape or cut to remove high spots until the shotcrete has become stiff enough to withstand pull of the cutting device.

O. Remove and replace all shotcrete which exhibits sags or sloughs, segregation, honeycombing, sand pockets or other obvious defects.  Repair defective areas in accordance with the provisions of  paragraph 3.02.E of this Section.  

P. Keep completed surfaces wet for a minimum of seven days.  Immediately after placement, protect shotcrete from premature drying, excessively hot or cold temperatures, and mechanical injury.

Q. Protect shotcrete repair work from frost action or heavy water flow.

3.5 FIELD QUALITY CONTROL

A. Inspection and Testing will be performed under provisions of Division 01.

B. Testing Laboratory will:

1. Test and inspect materials as required to ensure compliance with specifications.

2. Collect and review tickets for each batch of shotcrete delivered.  Annotate water added subsequent to batching.

3. Observe placement of preconstruction test panels.  Take six cores from each panel; three with reinforcement and three non-reinforced.  Visually inspect and grade in accordance with "Quality Assurance" article.  Test non-reinforced cores for compressive strength at 7 days.

4. Special Inspect shotcrete placement, as required by [CBC Section 1701.5, Item 12], for conformance with the Contract Documents.

5. Take 3-inch (75 mm) core specimens from field test panels and test for compressive strength in accordance with CBC 1924.10.

6. Take 3-inch (75 mm) core specimens from in place work to examine for structural soundness in accordance with [CBC 1924.11.2].  

C. The Subcontractor shall:

1. Gun field test panels for strength testing in accordance with [CBC 1924.10].  Panels shall be minimum of 18 inches square.

2. Patch areas cored for testing.

3. Pay Testing Laboratory for investigating of low-strength compressive test results in accordance with [CBC Section 1905.6.4].
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