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SPEC NOTE DESCRIPTION: This Section specifies requirements for production and application of Portland cement concrete conveyed through a hose and applied by pneumatic projection through a spray nozzle.
SPEC NOTE: This Section specifies environmentally responsible material choices, utilizing the three R's (reduce, reuse and recycle) whenever possible, and providing generally available disposal options. For construction and demolition waste management practices in Federal Government projects refer to PSPC's Sustainable Development Strategy (SDS - 2007-2009), where these requirements have been specifically targeted.
SPEC NOTE: This Section includes general requirements and procedures for compliance with the Canada Green Building Council's (CaGBC) - LEED Canada-NC and LEED Canada-CI prerequisites or credits required for LEED Project certification. Co-ordinate with Section 01 35 21- LEED Requirements.
Part 1 General
1.1 RELATED REQUIREMENTS
SPEC NOTE: Edit the following paragraphs to list documents or Sections with specific information that the reader might expect to find in this Section, but is specified elsewhere. Do not include Division 00 or Division 01 Sections in this listing.
.1 Section [_____]
1.2 MEASUREMENT AND PAYMENT
SPEC NOTE: Select one of the following two methods to suit project.
.1 Method 1: measure shotcrete in place, in cubic metres of shotcrete incorporated into work.
.2 Method 2: measure shotcrete in square metres of surface covered.
SPEC NOTE: Use the following paragraph with Method 1 only.
.3 Measure shotcreted surfaces after chipping and surface preparation is complete and accepted by [Departmental Representative] [DCC Representative] [Consultant]and prior to application of shotcrete.
.1 Shotcrete placed in excess of thickness approved by [Consultant] [Departmental Representative] [DCC Representative]will not be measured.
.4 Following items will not be measured for payment:
.1 Testing procedures.
.2 Surface preparation.
.3 Removal, disposal and replacement of defective concrete.
.4 Provision of reinforcement.
.5 Anchor bolts.
.6 Clean-up procedures.
.7 Scaffolding.
.8 Protective coating.
SPEC NOTE: Edit the following paragraphs for this specific project.
1.3 REFERENCE STANDARDS
.1 American Concrete Institute (ACI)
.1 ACI 506R-[05], Guide to Shotcrete.
.2 ACI 506.2-[95], Specification for Shotcrete.
.3 ACI Certified Shotcrete Nozzleman.
.2 ASTM International
.1 ASTM A123/A123M-[09], Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron and Steel Products.
.2 ASTM C42/C42M-[10], Standard Test Method for Obtaining and Testing Drilled Cores and Sawed Beams of Concrete.
.3 ASTM C618-[08a], Standard Specification for Coal Fly Ash and Raw or Calcined Natural Pozzolan for Use in Concrete.
.4 ASTM C642-[06], Standard Test Method for Density, Absorption, and Voids in Hardened Concrete.
.5 ASTM C1116-[10], Standard Specification for Fibre-Reinforced Concrete.
.6 ASTM C1202-[10], Standard Test Method for Electrical Indication of Concrete's Ability to Resist Chloride Ion Penetration.
.3 Canada Green Building Council (CaGBC)
.1 LEED Canada-NC Version 1.0-[2004], LEED (Leadership in Energy and Environmental Design): Green Building Rating System Reference Package For New Construction and Major Renovations (including Addendum [2007]).
.2 LEED Canada-CI Version 1.0-[2007], LEED (Leadership in Energy and Environmental Design): Green Building Rating System Reference Guide For Commercial Interiors.
.4 Canadian General Standards Board (CGSB)
.1 CAN/CGSB-3.3-[07], Kerosene.
.5 CSA International
.1 CSA A23.1/A23.2-[09], Concrete Materials and Methods of Concrete Construction/Test Methods and Standard Practices for Concrete.
.6 Ontario Provincial Standard Specifications (OPSS)
.1 OPSS 1312-[2008], Material Specification for Latex Modifiers for use in Concrete.
1.4 DEFINITIONS
.1 Two basic shotcreting processes are:
.1 Dry mix process where mix water is added at nozzle.
.2 Wet mix process where mix water is added before concrete enters delivery hose, and compressed air is added at nozzle.
.2 Overspray: shotcrete material deposited away from intended receiving surface.
1.5 ACTION AND INFORMATIONAL SUBMITTALS
.1 Submit in accordance with Section [01 33 00- Submittal Procedures].
SPEC NOTE: Include requests for relevant data to be furnished by the Contractor, before, during or after construction.
.2 Product Data:
.1 Submit manufacturer's instructions, printed product literature and data sheets for [shotcrete]and include product characteristics, performance criteria, physical size, finish and limitations.
.3 Shop Drawings:
.1 Submit drawings stamped and signed by professional engineer registered or licensed in [Province] [Territory], Canada.
SPEC NOTE: Co-ordinate the following paragraph with Section 01 35 21- LEED Requirements.
.4 Sustainable Design Submittals:
.1 LEED Canada-[NC Version 1.0] [CI Version 1.0]Submittals: in accordance with [Section 01 35 21- LEED Requirements].
SPEC NOTE: Edit the following paragraphs to specify certification of compliance for specific LEED requirements in one or many of the following LEED categories: Sustainable Sites, Water Efficiency, Energy and Atmosphere, Materials and Resources and Indoor Environmental Quality.
.2 Construction Waste Management:
.1 Submit project [Waste Management Plan] [Waste Reduction Workplan]highlighting recycling and salvage requirements.
.2 Submit calculations on end-of-project recycling rates, salvage rates, and landfill rates demonstrating that [50] [75]% of construction wastes were recycled or salvaged.
.3 Recycled Content:
.1 Submit listing of recycled content products used, including details of required percentages or recycled content materials and products, showing their costs and percentages of [post-consumer] [post-industrial]content, and total cost of materials for project.
.2 Submit evidence, when Supplementary Cementing Materials (SCMs) are used, to certify [reduction in cement from Base Mix to Actual SCMs Mix, as percentage].
.4 Regional Materials: submit evidence that project incorporates required percentage [20] [10]% of regional materials and products, showing their cost, distance from project to furthest site of extraction or manufacture, and total cost of materials for project.
1.6 QUALIFICATIONS
.1 Use operators of equipment for mixing and application of shotcrete experienced in process to be used.
.2 Operators: qualified to perform work to [ACI 506R].
.3 Foremen: minimum [2 years]experience as ACI Certified Shotcrete Nozzleman.
.4 ACI Certified Shotcrete Nozzleman: minimum [6 months]experience on similar applications.
1.7 DELIVERY, STORAGE AND HANDLING
.1 Deliver, store and handle materials in accordance with Section [with manufacturer's written instructions] [01 61 00- Common Product Requirements].
.2 Delivery and Acceptance Requirements: deliver materials to site in original factory packaging, labelled with manufacturer's name and address.
.3 Storage and Handling Requirements:
.1 Store materials [in dry location] [off ground] [indoors]and in accordance with manufacturer's recommendations in clean, dry, well-ventilated area.
.2 Replace defective or damaged materials with new.
SPEC NOTE: Co-ordinate the following paragraph with Section 01 35 21- LEED Requirements. Use the following paragraph to ensure Construction Waste Management Plan or Waste Reduction Workplan is specified and include in article titled ACTION AND INFORMATIONAL SUBMITTALS. This may contribute towards LEED Credits as follows: Materials and Resources Credit MRc2 Construction Waste Management, either MRc2.1: Divert 50% from Landfill, or MRc2.2: Divert 75% from Landfill.
.4 Develop [Construction Waste Management Plan] [Waste Reduction Workplan]related to Work of this Section and in accordance with Section [01 35 21- LEED Requirements].
.5 Packaging Waste Management: remove for reuse [by manufacturer] [and return]of [pallets,] [packaging materials] [padding,] [crates,]as specified in [Construction Waste Management Plan] [Waste Reduction Workplan]in accordance with Section [Section 01 35 21- LEED Requirements] [01 74 21- Construction/Demolition Waste Management and Disposal].
Part 2 Products
2.1 MATERIALS
.1 Concrete mixes and materials: in accordance with Section [03 30 00- Cast-in-Place Concrete] [and as specified below].
.1 Shotcrete aggregate gradation: to [CSA A23.1/A23.2]and within limits specified.
	Sieve Size
	% Passing (by mass)
	

	
	Fine Aggregate 1
	Fine Aggregate 2

	10 mm
	100
	100

	5 mm
	95-100
	80-90

	2.5 mm
	80-100
	60-75

	1.25 mm
	50-90
	35-50

	0.630 mm
	25-65
	15-30

	0.315 mm
	10-35
	5-15

	0.160 mm
	2-10
	0-8

	0.080 mm
	0-3
	0-3


.2 Silica fume: to be from production of silicon or ferro-silicon alloys containing at least [75]% silicon.
.3 Fly ash: to [ASTM C618].
.4 Use of admixtures subject to approval of [Departmental Representative] [DCC Representative] [Consultant].
SPEC NOTE: Co-ordinate the following paragraph with Section 01 35 21- LEED Requirements. Use the following paragraph to specify recycled content materials required for LEED Materials and Resources Credit - Recycled Content MRc4.1 or MRc4.2, where recycled content of the total building materials must equal 7.5% (Post-Consumer + ½ Post-Industrial) or, 15% (Post-Consumer + ½ Post-Industrial) respectively.
.5 Recycled content: incorporate SCM's in concrete mix, minimum of [_____].[01 35 21- LEED Requirements]
.6 Latex modifier: to [OPSS 1312].
.7 Do not use calcium chloride or compounds containing calcium chloride.
.8 Steel fibre reinforcement: to [ASTM C1116].
.1 Type: [_____]
.2 Length: [_____]
.9 Water: to [CSA A23.1/A23.2].
.2 Reinforcing steel: in accordance with Section [03 20 00- Concrete Reinforcing].
.3 Steel anchors, supports and spacers: galvanized to [ASTM A123/A123M].
.4 Boiled linseed oil: [_____]
.5 Kerosene: to [CAN/CGSB-3.3].
2.2 EQUIPMENT
.1 Shotcrete equipment for [wet] [dry]mix process to [ACI 506R].
.2 Batching equipment to proportion aggregate and cement mixtures on mass basis [or by integral cement bag count and sand measured on volume basis].
.3 Use air supply system that delivers air uncontaminated by oil and capable of maintaining constant air pressure.
.4 Provide separate air hose and blow pipe, capable of simultaneous operation with shotcreting operation, for removal of rebound and dust.
.5 Equipment subject to approval of [Consultant] [DCC Representative] [Departmental Representative].
.1 Maintain equipment in proper working order.
.2 Provide additional test panels and test cores as required by [DCC Representative] [Consultant] [Departmental Representative]to demonstrate that equipment is functioning properly during shotcreting operation.
2.3 MIXES
.1 Proportion concrete for [dry] [wet]process shotcrete to: [CSA A23.1/A23.2], and give following properties:
.1 Use type [_____]
.2 Silica fume: content maximum 15% by mass of cement content.
.3 Fly ash: [_____]
.4 Minimum compressive strength in place as determined from cores taken from test panels to [ASTM C42/C42M]:
.1 [_____]hours.[8]
.2 [_____]
.3 [_____]
.5 Minimum cement content: ratio of cement to aggregate to be 1 to [4]by mass.
.6 Minimum water/cementitious materials ratio: [0.40].
.7 Boiled absorption: to [ASTM C642], maximum [8% at 7 days].
.8 Volume of permeable voids to [ASTM C642], maximum [17% at 7 days].
.9 Rapid chloride permeability: to [ASTM C1202].
.1 Silica fume shotcrete: maximum [1000 coulomb at 7 days].
.2 Latex modified shotcrete: maximum [1500 coulomb at 7 days].
.10 Air content of wet mix concrete as shot: to [CSA A23.1/A23.2], [3.5 to 6.5]%.
.11 Slump of wet mix shotcrete at discharge into pump: to [CSA A23.1/A23.2], [40 to 80]mm.
.12 Steel fibre reinforcement, rate of addition to mix: [_____]
.13 Latex modifier: [_____]
SPEC NOTE: Co-ordinate the following paragraph with Section 01 35 21- LEED Requirements. Use the following paragraph to specify recycled content materials required for LEED Materials and Resources Credit - Recycled Content MRc4.1 or MRc4.2, where recycled content of the total building materials must equal 7.5% (Post-Consumer + ½ Post-Industrial) or, 15% (Post-Consumer + ½ Post-Industrial) respectively.
.14 Recycled content: incorporate SCM's in concrete mix, minimum of [_____].[01 35 21- LEED Requirements]
2.4 SOURCE QUALITY CONTROL
.1 Pre-construction testing procedures to [ACI 506.2]. [Pre-construction testing will be paid for by Owner].
.2 Make one test panel for each shooting position for each mix being considered for use on Project. Repeat for each nozzleman to be employed on Project.
.3 Provide [_____].[Owner] [Departmental Representative] [DCC Representative] [Consultant]
Part 3 Execution
3.1 PREPARATION
.1 Prepare surfaces for shotcreting to [ACI 506R].
.2 Remove unsound concrete with equipment approved by [Departmental Representative] [Consultant] [DCC Representative]. Remove only in areas and to depths as directed by [Consultant] [Departmental Representative] [DCC Representative] [and as indicated].
.3 After acceptance of surface by [Departmental Representative] [DCC Representative], [Consultant], [sandblast] [water blast]surfaces including existing reinforcing steel. Remove dirt, grease, oil or other substances which would interfere with bond of newly placed shotcrete.
SPEC NOTE: Refer to reinforcement indicated on drawings if possible.
.4 Install [6]mm diameter hooked expansion bolts at [600]mm centres and [galvanized]welded wire fabric style [102 x 102/MW 13.3 x MW 13.3].
.5 [Air blast and water blast] [Clean, wet and damp dry]surfaces just prior to application of shotcrete.
3.2 APPLICATION
.1 Apply shotcrete to prepared surfaces to [ACI 506R].
.2 Do not apply shotcrete to surface having running or free standing water.
.3 Do not apply shotcrete in high winds, when temperature is below 5 degrees C or when it is raining.
.4 Apply shotcrete to build concrete surface to finished lines. Acceptable minus tolerance of finished surfaces is [3]mm. Provide minimum cover of [75]mm over steel reinforcement.
.5 Use [depth gauges] [depth probes]in accordance with [ACI 506R]as guide to obtain correct thickness of shotcrete.
SPEC NOTE: Refer to ACI 506R. Modify the following paragraph to suit.
.6 [Do not]screed [or finish]surface of shotcrete.
.7 Protect adjacent surfaces from shotcrete and rebound during operations and clean up material deposited.
.8 During application continuously remove rebound from surfaces.
.9 Do not reuse rebound or overspray material.
3.3 FIELD QUALITY CONTROL
.1 Construction testing and acceptance of results to [ACI 506.2], and as
.2 Test panels to [ACI 506.2].
.3 Field cure panels [to ACI 506.2] [in same manner as Work].
.4 Remove and replace shotcrete in areas where hollow spots, segregation, honeycombing, laminations, dry patches, slugs, voids or sand pockets occur, as directed by [DCC Representative] [Consultant] [Departmental Representative].
3.4 CLEANING
.1 Progress Cleaning: clean in accordance with Section [01 74 11- Cleaning].
.1 Leave Work area clean at end of each day.
.2 Final Cleaning: upon completion remove surplus materials, rubbish, tools and equipment in accordance with Section [01 74 11- Cleaning].
.3 Waste Management: separate waste materials for [recycling] [reuse]in accordance with Section [01 35 21- LEED Requirements] [01 74 21- Construction/Demolition Waste Management and Disposal].
.1 Remove recycling containers and bins from site and dispose of materials at appropriate facility.
.2 Divert unused plasticizers, water-reducing agents and air-entraining agent materials from landfill to an official hazardous material collections site as approved by [Consultant] [DCC Representative] [Departmental Representative].
.3 Unused plasticizers, water-reducing agents and air-entraining agents materials must not be disposed of into the sewer systems, into lakes, streams, onto the ground or in any other location where it will pose a health or environmental hazard.
SPEC NOTE: Special materials can be used for coatings and, if so required, add appropriate paragraphs.
SPEC NOTE: Shotcrete surfaces are porous and can develop shrinkage cracks. Where surfaces are exposed to water, particularly in splash zone near waterline of marine structures, a protective coating is advisable.
3.5 PROTECTION
.1 Cure and protect finished surface[s]to [ACI 506.2].
.2 Apply [2]coats of protective coating consisting of mixture containing 50% boiled linseed oil and 50% kerosene by volume.
.3 First application: [135]mL/m2; second application: [90]mL/m2.
.4 Apply to clean dry surface when air temperature is above [10]degrees C.
.1 Apply second coat only when previous coat is thoroughly dried.
END OF SECTION

