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Use this section to specify requirements for shotcrete.  This section is prepared based primarily on steel-fibre reinforced shotcrete that will be exposed for a long duration.  It can also used for specifying requirements for plain (unreinforced) shotcrete that will be exposed for a relatively short duration (e.g. protecting foundations).  
In cases where steel fibres exposed on the surfaces of reinforced shotcrete are considered objectionable (sharp projections or rust staining), a thin cover layer (flash coat) of plain shotcrete may be used.

Edit this section to suit the Contract requirements.
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PART 1
GENERAL

1.1

DEFINITIONS
.1
“Blowpipe” means an air/water jet operated during shotcrete placement to assist in keeping Rebound and Overspray out of the work.

.2
“Dry Process Shotcrete” means a process where most of the water added to the shotcrete mixture is added at the nozzle.

.3
“Overspray” means shotcrete material deposited away from the intended receiving surface.

.4
“Pot (sometimes called Gun)” means a machine used to meter the shotcrete into the hose.

.5
“Pre-dampener” means a device used to mix a portion of the mixing water with the shotcrete.  It can also be used to mix accelerator with shotcrete.

.6
“Rebound” means the material that bounces off the surface being shotcreted.  It consists primarily of coarse particles and contains a lower proportion of cement than shotcrete mix.

.7
“Saturated Surface Dry” means the state of a material in which it will neither add nor subtract moisture from other material placed in contact with it.

.8
“Slake” means a process of deterioration of freshly exposed rock due to exposure to the atmosphere and/or water.

.9
“Sloughing” means the subsidence of shotcrete, due generally to excessive water in the mix or placing too great a thickness of shotcrete in a single pass.

[.10]
“Weep Drains” means pipes inserted in water–bearing fissures to relieve water pressure from behind the shotcrete.

.11
“Wet Process Shotcrete” means shotcrete in which all of the ingredients are mixed before introduction into the delivery hose.  Compressed air is introduced at the material flow at the nozzle.  If an accelerator is used, it is normally added at the nozzle.

1.2
REFERENCES
.1
Provide shotcrete in accordance with the following standards (latest revision) except where specified otherwise.

.2
American Concrete Institute (ACI).

.1
ACI 506R
Guide to Shotcrete.

.2
ACI 506.2
Specifications for Materials, Proportioning and Application of Shotcrete.

.3
ACI 506.3
Guide to Certification of Shotcrete Nozzlemen.

.3
American Society for Testing and Materials (ASTM).

.1
ASTM A615/615M
Standard Specification for Deformed and Plain Billet-Steel Bars for Concrete Reinforcement.

.2
ASTM C260
Standard Specification for Air-Entraining Admixtures for Concrete.

.3
ASTM C494/C494M
Standard Specification for Chemical Admixtures for Concrete.

.4
ASTM C642
Standard Test Method for Density, Absorption, and Voids in Hardened Concrete.

.5
ASTM C928
Standard Specification for Packaged, Dry, Rapid-Hardening Cementitious Materials for Concrete Repairs.

.6
ASTM C1018
Standard Test Method for Flexural Toughness and First-Crack Strength of Fibre-Reinforced Concrete (Using Beam with Third-Point Loading).

.7
ASTM C1116
Standard Specification for Fibre-Reinforced Concrete and Shotcrete.

.8
ASTM C1117
Standard Test Method for Time of Setting of Shotcrete Mixtures by Penetration Resistance.

.9
ASTM C1140
Standard Practice for Preparing and Testing Specimens from Shotcrete Test Panels.

.4
Canadian Standards Association (CSA).

.1
CAN/CSA-A3000
Cementitious Materials Compendium.

.2
CAN/CSA-A23.1
Concrete Materials and Methods of Concrete Construction.

.3
CAN/CSA-A23.2
Methods of Test for Concrete.

[.4]
CSA-B137 SERIES
Thermoplastic Pressure Piping Compendium.

[.5]
CAN/CSA-G30.18
Billet-Steel Bars for Concrete Reinforcement.

[.6]
CSA-G40.21
Structural Quality Steel.

1.3
SUBMITTALS
.1
Provide the following submittals.

.2
Cementitious materials:  Details of the source of cement, fly ash, silica fume, and admixtures including supplier’s test data at least 30 days prior to commencing shotcrete operations. 

.3
Shotcrete [and grout] mix designs by the Contractor:  Shotcrete [and grout ] mix designs at least 30 days prior to commencing shotcrete operations.  Include the following in the mix design submittal:

.1
Mix design number.

.2
Shotcrete batch quantities in kg/m3 based on aggregates in a Saturated Surface Dry moisture state for Wet Process Shotcrete, and ready-mix supplied for Dry Process Shotcrete.  Batch quantities for dry bagged supply are to be based on the mass of aggregates in a dry state.

.3
Stamp of a specialist concrete materials engineer registered with the Association of Professional Engineers, Geologists and Geophysicists of Alberta.

.4
Shotcreting plant:  Details of the type, manufacturer’s name, model, and condition of the plant being proposed for the shotcrete, and details of other equipment required including the minimum operating air pressure, at least 15 days before the shotcreting plant is mobilized to the Site.


.5
Curing and protection:  Details of the curing and protection procedures at least 10 days prior to commencing shotcrete operations.

1.4
QUALITY CONTROL
.1
Quality Control Program:

.1
Provide a quality control program to ensure that the specified requirements will be consistently attained through out the Work.  Incorporate the specified testing, and any additional testing or measures as required by the Contractor.


.2
Provide experienced supervisors, operators, and nozzlemen qualified to perform the work in accordance with ACI 506.3R.


.2
Mix Designs by the Contractor: 


.1
Engage an independent CSA certified materials engineering and testing company to select shotcrete mix proportions.  Select proportions to provide the necessary placeability, density, strength, and durability.  


.3
Pre-Construction Test Panels and Cores: 


.1
In the presence of the Minister, and at least 20 days prior to application of shotcrete, produce test panels in accordance with ASTM C1140, [except provide panels that have a minimum base dimension of 500 mm by      500 mm and a minimum depth of 125 mm].  Construct test panel moulds of wood and sealed plywood, with 45° sloped sides to permit escape of Rebound.  Construct test panels using the same nozzle and length of hose as the production shotcrete.  [Do not use reinforcement or embedments, other than fibre reinforcement, in test panels.] 


.2
Provide 1 separate test panel sprayed for each trial mix design submitted and for each shooting position to be encountered in the Work.


.3
Provide 3 core samples, 75 mm in diameter, from the panel for compressive strength tests.  


.4
Make 1 additional panel for each trial mix design for flexural strength and toughness testing.  


.5
Clearly mark each panel and core with a unique test number and the date cast, and deliver the samples to the Minister’s Site laboratory.


.4
Field Quality Control:

.1
For the Wet Process Shotcrete, conduct as-placed air content and slump tests at discharge into the pump tests for each batch of shotcrete or as directed by the Minister.


.2
Monitor and control the thickness of the shotcrete being applied by measuring the thickness at 1000 mm centres or closer using depth gauges or probes.


.3
Provide 3 cores of suitable diameter and length for compressive strength tests for each day in which shotcrete is placed or for every [200] m2 of shotcrete placed, whichever results in more cores, and deliver them to the Minister’s Site laboratory. 


.4
Cast 1 test panel on each day shotcrete is placed or for every [200] m2 of shotcrete placed, whichever results in more panels.  Cast the test panels at the times chosen by the Minister.  Field cure test panels in the forms, in the same manner as the production shotcrete, for a minimum period of 48 hours, then transport the test panels in their forms and in a moist condition to the Minister’s Site laboratory. 


.5
Determine the air content from shotcrete sprayed into an air pressure meter base or from freshly applied material removed from in place and consolidated into the air meter base by rodding.


.6
Determine the slump before fibre reinforcement and superplasticizer is added, and after the air entrainment agent is added.


[.5]
Anchor Proof Load Testing:

.1
Conduct proof load tests on selected threadbar anchors in the presence of the Minister.  Perform at least 1 load test for every [10] anchors installed or at more frequent intervals if anchors fail the load test.


.2
Incrementally load the anchor to 0.10D, 0.25D, 0.50D, 0.75D, 1.00D, and 1.25D.  Hold the maximum test load of 1.25D for a minimum of 10 minutes.  The anchor design load (D) is [     ] kN.


.3
Replace and retest any threadbar anchor that fails the proof load test.

1.5
QUALITY ASSURANCE

.1
The Minister will carry out the following tests on shotcrete:


.1
Compressive strength on the core samples obtained from the test panels and the production shotcrete in accordance with CAN/CSA-A23.2.


.2
Flexural strength and toughness indices on the test panels made from the trial mixes and the production shotcrete in accordance with ASTM C1018.


.3
Boiled absorption and permeable voids on the core samples obtained from the test panels and the production shotcrete in accordance with ASTM C642.


.4
Test results will be considered acceptable if the average of 3 specimens tested meets or exceeds the specified requirements.  The test results for an individual specimen are to be greater than 80% of the specified compressive strength and toughness indices, and not more than 120% of the specified boiled absorption and permeable voids requirements.


.2
The Minister will carry out tests on the grout in accordance with CSA-A23.2-1B.

1.6
DELIVERY, STORAGE, AND HANDLING
.1
Store and handle products in a manner that prevents damage, deterioration, or contamination.

.2
Store cementitious materials and admixtures indoors.  To prevent undue aging, use cementitious materials in the chronological order in which it was delivered to the Site. 

PART 2
PRODUCTS

2.1
MATERIALS
.1
Provide materials in accordance with the following.

.2
Cement:  Type 50 Sulphate Resistant Portland Cement in accordance with CAN/CSA-A3000.  Provide cement from the same manufacturing source throughout the Contract.

.3
Silica fume:  Type U silica fume in accordance with CAN/CSA-A3000, with a minimum Si02 content of 90% by mass and a maximum carbon content of 5% by mass.  Provide silica fume from the same manufacturing source throughout the Contract.

.4
Fly ash:  Type F fly ash in accordance with CAN/CSA-A3000.  Provide fly ash from the same manufacturing source throughout the Contract.

.5
Admixtures:

.1
From the same manufacturer to ensure compatibility between air‑entraining agent, water reducing agent, and superplasticizing and set retarding admixtures.  Conduct tests and trial mixes to verify that the admixtures are compatible with the mix ingredients.

.2
Air-entraining admixture in accordance with ASTM C260.

.3
Chemical admixture in accordance with ASTM C494/C494M.

.4
Do not use calcium chloride or any admixture formulated with calcium or chloride.

.5
Accelerating admixtures with prior authorization from the Minister:


.1
To have a demonstrated ability, when used at the required proportions, to produce accelerated shotcrete meeting the specified requirements.


.2
For Wet Process Shotcrete, dispense in liquid form at the nozzle in closely controlled quantities.  For Dry Process Shotcrete, dispense in liquid form at the nozzle in closely controlled quantities or powdered accelerator either integrally mixed in the case of dry bagged material, or mechanically proportioned through the Pre-dampener in the case of ready-mix supply.  Accelerators are not to be metered directly into the Pot.

.6
Water:  Clean and free from injurious amounts of oil, silt, soluble chlorides, organic matter, acids, alkalis, and other deleterious substances and in accordance with CAN/CSA-A23.1.  Obtain permits as required to use water from natural sources.
.7
Aggregate:  


.1
In accordance with CAN/CSA-A23.1, clause 5, consisting of clean, hard, dense, durable, uncoated rock fragments obtained by crushing, screening, washing, classifying, and blending.  


.2
Combined aggregate with the following gradation: 

	Metric Sieve Size
(mm)
	Total Passing Each Sieve Size
% by Mass

	14
	100

	10
	90–100

	5
	70–85

	2.5
	50–70

	1.25
	35–55

	0.630
	20–35

	0.315
	8–20

	0.160
	2–10


[.8]
Shotcrete reinforcement:  [50] mm long steel fibres in accordance with ASTM C1116 Type 1 with a minimum tensile strength of 820 MPa.

2.2
SHOTCRETE MIX
.1
Provide shotcrete in accordance with the following:

	Property
	Age (Days)
	Requirement
	Test Method

	.1
Maximum W/C Ratio
	—
	0.40
	—

	.2
Air Content
	—
	5% +/- 1.5%
	CAN/CSA-A23.2–4C

	.3
Slump
	—
	60 mm +/-20 mm
	CAN/CSA-A23.2–5C

	.4
Minimum Compressive
Strength
	7
28
	30 MPa
40 MPa
	CAN/CSA-A23.2–14C

	.5
Minimum Toughness 
Indices
I5

I10
	
7
7
	
3.5
5.0
	
ASTM C1018
ASTM C1018

	.6
Flexural Strength
	7
	3 MPa
	ASTM C1018

	.7
Maximum Boiled Absorption
	7
	8%
	ASTM C642

	.8
Maximum Volume of Permeable Voids
	7
	17%
	ASTM C642



Note:  Properties .1, .2, and .3 above apply to the Wet Process Shotcrete only.


.2
Design the shotcrete mix with a total cementitious (cement, silica fume, and fly ash) content that is not less than 20% by mass of the total ingredients.


[.3]
Provide a minimum of [60 kg] of steel fibres per cubic meter of shotcrete.

[2.3]
[WEEP DRAINS]

.1
Weep Drains:  Schedule 40 PVC pipe in accordance with CSA-B137 Series.  Shop cut [0.25 mm wide slots to provide an area of 2400 mm2/m] of pipe length as specified in the Contract Documents.

[2.4]
[SHOTCRETE ANCHORS]

.1
Threadbar anchors:  Reinforcing steel threadbars in accordance with ASTM A615/A615M, Grade 400.  Provide hex nuts capable of developing 100% of the threadbar ultimate strength.


.2
Shotcrete anchors:  Fabricate “bow tie” shotcrete anchors with reinforcing bars in accordance with CAN/CSA-G30.18, Grade 300, and plates in accordance with CSA-G40.21, Grade 300 W.


.3
Grout:  [Cement grout with a maximum water/cement ratio of 0.40, and a minimum compressive strength of 30 MPa at 7 days.]

PART 3
EXECUTION

3.1

BATCHING, MIXING, AND CONVEYANCE
.1
Use air free of oil for applying shotcrete.

.2
Provide a separate air hose and Blowpipe, capable of simultaneous operation with the shotcreting operation, for removal of Rebound and dust.


.3
Provide uniformly mixed shotcrete with no evidence of segregation or improper mixing.

.4
Batch, mix, and supply shotcrete using either dry bagged premix supply in accordance with ASTM C928 or ready-mix supply.

.5
Batch and convey ready-mix supplied shotcrete at a rate that produces a consistent application of shotcrete.  Provide steady conveyance to avoid delays.  Do not use shotcrete that has stiffened excessively or is more than 60 minutes old from the time of batching. 

3.2

SURFACE PREPARATION
.1
Before shotcrete is applied to any surface, including surfaces of previously applied shotcrete, thoroughly clean such surfaces of dirt, mud, debris, snow, ice, oil, loose particles, curing compound, Rebound, and any other deleterious matter.

.2
Prepare surfaces for shotcreting in accordance with ACI 506R.  Use water or air jets to clean the surfaces to receive shotcrete.  Use compressed air only to clean rock surfaces that have a tendency to Slake from contact with water.

.3
Spray all surfaces to be shotcreted with water not more than 1 hour prior to application of the shotcrete.  Allow wetted surfaces to dry to a Saturated Surface Dry condition prior to application of the shotcrete.  If necessary, use a Blowpipe and compressed air free of oil to facilitate removal of surface water.  

[.4]
Temporarily plug the outer pipe ends of any Weep Drains to prevent the entry of the shotcrete or Rebound materials.  

3.3

TEMPERATURES
.1
Do not apply shotcrete during periods of heavy rain or high winds or when the ambient temperature is at or below 5°C or is forecast to fall below 5°C within 24 hours of placing.  Do not apply shotcrete to any surface that has a temperature less that 5°C.

.2
The in place shotcrete temperature is to be between 10°C and 25°C at the time of placement.

3.4

APPLICATION

.1
Apply shotcrete to prepared surfaces in accordance with ACI 506R.  Apply shotcrete only after the surfaces to receive shotcrete have been inspected by the Minister.  Rectify any defects, including any identified by the Minister.

.2
Do not apply shotcrete to any surface on which there is running or free standing water.

.3
Apply shotcrete to the specified full thickness in a single layer, provided it does not Slough or become delaminated.  If multiple lifts are required, scrape or broom the previous shotcrete lifts prior to the time of set to remove any loose material, Rebound, Overspray, laitance, or any other material that may impair bond of subsequent layers.

.4
Use a Blowpipe during the course of the work to remove accumulations of Rebound and Overspray from areas to be shotcreted.  Do not reuse the Rebound and Overspray. 

.5
Employ suitable devices to allow access to the work for shotcreting such that hoses, equipment, or personnel do not damage fresh shotcrete.

.6
Do not allow sand pockets to form in the placed shotcrete.  Cut out any such pockets and replace with new shotcrete.

.7
Leave the shotcrete surface in a natural gun state unless otherwise specified.

[.8]
Provide a minimum cover of 50 mm of shotcrete over any anchors, reinforcing steel or other metal embedments.


.9
Provide a dense, firmly adhering coating of shotcrete.

3.5

CURING AND PROTECTION
.1
Cure and protect the shotcrete in accordance with ACI 506.2 and the following.

.2
Continuously moist cure shotcrete surfaces for a minimum period of 7 consecutive days at a minimum temperature of 10°C or until an in place compressive strength of 20 MPa has been reached.  Use wet burlap and polyethylene sheet or water sprays to provide moist curing.

.3
Do not use membrane curing compounds unless authorized by the Minister.

.4
If in place compressive strength samples are used to determine curing or protection requirements, extract and deliver cores to the Minister as specified in clause 1.4.2. 
3.6

[INSTALLATION OF WEEP DRAINS]

.1
Install Weep Drains in joints, fractures, and faults by drilling into the rock or by other means authorized by the Minister.


.2
Drill holes at least [1000] mm into the rock where active seepage is occurring.  Provide Weep Drains at a maximum spacing of [3000] mm.  Fix Weep Drains in place by locally dry-packing grout adjacent to the collar of the hole.  Do not allow the grout to obstruct the flow of water into the drains. 


.3
After shotcreting, provide additional Weep Drains at locations where visible signs of water including seepage or damp spots occur, as required by the Minister.

3.7

[INSTALLATION OF ANCHORS]

.1
Provide threadbar and shotcrete anchors at the locations, spacing, and with the depth of embedment specified in the Contract Documents. 


.2
Use percussion, rotary, or other drilling equipment to drill a hole of sufficient diameter, free of bends or protrusions, and without undue softening or loosening of the surrounding rock.


.3
Drill holes using air circulation.


.4
Clean holes with water or other means authorized by the Minister, to remove all drill cuttings, debris, and other deleterious material prior to anchor installation.


.5
Provide centralizers to centre the anchors in the hole.


.6
Maintain temperatures of grout contact surfaces above 5(C at the time of grouting, and for at least 48 hours after grout placement.


.7
Place grout by pumping methods using equipment approved by the Minister.  


.8
Protect threadbar anchors against disturbance until the grout has attained the specified minimum compressive strength.

3.8

REPAIR OF SHOTCRETE
.1
Whenever possible, correct deficiencies while the shotcrete is still plastic.

.2
Remove and replace shotcrete that fails to bond to rock surfaces or does not conform to the specified requirements or which is damaged at any time during the performance of the Work.  Hand patching is not permitted.
3.9

ENVIRONMENTAL REQUIREMENTS
.1
Remove Rebound and dispose of it in the waste disposal areas on-Site as authorized by the Minister or off-Site waste disposal facilities.  

.2
Contain all wastewater including that from washing shotcreting equipment, in settlement ponds.  Do not release any water from the settlement ponds until it meets the Regulatory Requirements authorities. Place waste materials from settling ponds in waste disposal areas on-Site as authorized by the Minister or off-Site waste disposal facilities.

.3
Provide disposal bins at the Minister’s site laboratory for collecting waste concrete and other test materials.  Empty the bins when required by the Minister.
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