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	Use on all projects with shotcrete.


Delete Section 566 and substitute the following:
Section 566. - SHOTCRETE

Description

566.01  This work consists of constructing one or more courses of shotcrete on a prepared surface.

Shotcrete aggregate grading is designated as shown in Table 703-15.

Material

566.02  Conform to the following Subsections:

Air-entraining admixture (wet mix only)
711.02

Anchor bolts
722.03

Chemical admixtures (wet mix only)
711.03

Concrete coloring agents
711.05

Curing material
711.01

Hydraulic cement
701.01

Penetrating stain
708.05

Pozzolans
725.04

Reinforcing fibers
725.29

Reinforcing steel
709.01

Shotcrete aggregate
703.18

Water
725.01(a) 

Welded steel wire fabric
709.01

566.03  Composition (Shotcrete Mix Design).  Design and produce shotcrete mixtures that conform to Table 566-1 and ACI 506.2, Specification for Shotcrete.
Verify mix design with trial mixes prepared from the same source proposed for use.  Submit the following for acceptance at least 36 days before placing shotcrete:

(a) Proposed shotcrete mix design with mix proportions and aggregate grading.  When applicable, include air content, dosage, and type of admixture.
(b) Representative samples of shotcrete material, if requested by the CO.  Results of shotcrete preconstruction testing demonstrating compliance with Table 566-1.
(c) Proposed method for applying shotcrete.
(d) Other information necessary to verify compliance with ACI 506.2.
(e) Shotcrete material certifications.
(f) Fiber samples, if used.
(g) Description of proposed equipment for mixing and applying shotcrete.  Include the manufacturer’s instructions, recommendations, literature, performance and test data.  In addition to meeting equipment requirements in ACI 506, provide the following:

(1) Water supply system.  For dry mix, provide a job site water storage tank.  Provide a positive displacement pump with a regulating valve that is accurately controlled to provide water at the required pressure and volume.
(2) Mixing.  Use equipment capable of handling and applying shotcrete containing the specified maximum size aggregate and admixtures.  Provide an air hose and blow pipe to clear dust and rebound during shotcrete application.
(h) Qualifications.  Demonstrate satisfactory completion of at least 3 comparable projects.  Provide foremen experienced in shotcrete construction on at least 5 comparable projects.  At least 30 days before starting shotcrete work, identify the foremen and nozzle operator assigned to the project and submit a summary of each individual’s experience.  Provide evidence of ACI nozzle operator certification for the orientations in which shotcrete will be applied and of having completed at least one similar application as a nozzle operator on a similar project.
566.04  Hydration Stabilizing Admixtures.  When hydration stabilizing admixtures are used to extend the allowable delivery time for shotcrete, include the admixtures in the shotcrete mix design.  Base dosage on the time needed to delay the initial set of the shotcrete for delivery and discharge on the job.  Include the design discharge time limit in the dosage submittal.  The maximum allowable design discharge time is 3.5 hours.
Use an approved and compatible hydration activator at the discharge site to ensure proper placement and testing.

Determine dosage required to stabilize shotcrete using job site material and field trial mixtures.  The extended-set admixture shall control the hydration of all cement minerals and gypsum.

When requested, the admixture manufacturer shall provide the service of a qualified person to assist in establishing the proper dose of extended-set admixture and to make dosage adjustments required to meet changing job site conditions.
Table 566-1
Composition and Properties of Shotcrete Mixtures

	Type of Shotcrete Process
	Minimum Cement Content (8)
(lb/yd3)
	Maximum Water-Cementitious Materials Ratio
	Air Content
	Minimum 

28‑Day Compressive Strength, f'c (2) (3)
(psi)
	Maximum

Boiling Absorption

(2)((4)
(%)
	Maximum

Permeable

Void Volume(2) (4)
(%)
	Maximum Mean Core Grade(2) (5) (7)
	Maximum Water-Soluble Chloride Ion (Cl-) Content

(% by Mass of Cement)(2) (6) (7)

	Wet
	658
	0.50
	-------
	4000
	9
	17
	2.5
	0.15

	Wet (AE)
	658
	0.45
	Grading A   7%(1)
Grading B 6%(1)
	4000
	9
	17
	2.5
	0.15

	Dry
	658
	0.40
	-------
	4000 
	9
	17
	2.5
	0.15


(1) Sample according to ASTM C 1385.  Measure air content on composite samples that have been acquired from material delivered to the shotcrete machine before 
pumping according to AASHTO T 152 or AASHTO T 196.  A tolerance of ± 1.5 percent is allowed.  A minimum in-place shotcrete air content of 4 percent is required after shooting.

(2) Prepare and cure test panels according to Subsection 566.05(a)(1).  Drill 3-inch diameter cores according to Subsection 566.05(a)(2).

(3) Conduct and report compressive strength tests according to Subsection 566.05(a)(3).  Calculate mean compressive core strength as the average strength of at least three individual cores, taken from the same nonreinforced test panel.  Every arithmetic average of any three consecutive mean core strengths must equal or exceed 0.85 f’c with no individual core less than 0.75 f'c.

(4) Perform and report coating quality tests according to Subsection 566.05(a)(3).  No individual test may be greater than the maximum specified.
(5) When shotcrete is applied over reinforcement, conduct and report core grading according to Subsection 566.05(a)(3).  Calculate mean core grade as the average of at least three individual core grades, taken from the same reinforced test panel.  The mean core grade must not be greater than the maximum mean core grade with no individual core grade greater than 3.

(6) When shotcrete is applied over reinforcement, perform and report water-soluble chloride ion (Cl-) content testing according to Subsection 566.05(a)(3).  No individual test may be greater than the maximum specified.

(7) Perform during preconstruction testing only.
(8) Produce a mix with a cement to aggregate ratio, based on dry loose volumes, of not less than 1:3.5 for the construction and repair of concrete structures and for encasing steel members, and not less than 1:5 for lining ditches and channels and for paving slopes. Use a water content as low as practical so that mix is sufficiently wet to adhere properly and sufficiently dry so that it will not sag or fall from vertical or inclined surfaces or separate in horizontal work.

566.05  Preconstruction Testing.

(a) Field trials.  Conduct preconstruction shotcrete field trials before starting shotcrete production.
(1) Test panels. Prepare and cure test panels according to ASTM C 1140.  Construct steel or wood test panel forms containing no reinforcement with a minimum width and length of 24 inches and a minimum depth of 6 inches with either square or sloped sides.
When shotcrete is to be applied over reinforcement, construct additional steel or wood test panel forms containing reinforcement with a minimum width and length of 30 inches and a minimum depth of 3 inches with either square or sloped sides.  Use reinforcement of the same size and spacing required for the project.
Shoot test panels using the personnel, material, equipment, operating pressures, and mix designs proposed for the project.  Produce test panels for each proposed mix proportion, each anticipated shooting orientation, and each proposed nozzle operator.
As soon after shooting as is safe to prevent damage, cover and tightly wrap the panels with material meeting AASHTO M 171 or store the panels in a moist room meeting AASHTO M 201.
(2) Coring.  At least 14 days after shooting, drill at least three 3-inch diameter cores from each test panel according to AASHTO T 24.  Moisture condition the cores in sealed plastic bags or nonabsorbent containers according to AASHTO T 24, Section 7.3.  Deliver Government cores to the laboratory designated by the CO.
(3) Testing.  At least 14 days but no later than 28 days after shooting, perform and report coating quality tests including density, boiling absorption and volume of permeable voids according to ASTM C 642.  Test at least three samples from each nonreinforced test panel.  Samples may consist of cores or pieces of cores or test panels that are free from observable cracks, fissures or shattered edges.
Before compressive strength testing, saw or tool the ends of the cores to eliminate projections and to achieve perpendicularity to the longitudinal axis.  At 28 days after shooting, conduct and report compressive strength tests according to AASHTO T 24.  Test at least three cores from each nonreinforced test panel.
When shotcrete is applied over reinforcement, visually grade at least three cores from each reinforced test panel according to ACI 506.2, Section 1.7, at least 14 days but no later than 28 days after shooting.  Between 28 and 48 days, determine the maximum water-soluble chloride-ion concentration on at least 3 different test panel samples according to ASTM C 1218.
(4) Mix design acceptance.  Submit the test data and results as well as a visual description of each core to the CO.  Include details concerning presence of voids, sand pockets, lamination, and other inadequacies.  Acceptance of the nozzle operator and mix design will be based on preconstruction field trials and test results.  The test results must meet the requirements of Table 566-1 including the following:

(a) Compressive strength tests.  Calculate the mean compressive core strength of at least three individual, 3-inch diameter cores, taken from the same test panel.  The mean of any three consecutive core strengths must equal or exceed 0.85 f'c with no individual core less than 0.75 f'c.
(b) Coating quality tests.  Calculate density, boiling absorption, and volume of permeable voids for each test sample.  No individual test may be greater than the maximum permissible values shown in Table 566-1.
(c) Core grading tests.  Calculate the mean core grade from at least three individual core grades.  The mean core grade must not be greater than the maximum permissible value shown in Table 566-1 with no individual core grade greater than 3.  When a prequalification test panel is rejected by the CO, a second panel may be shot.  If the nozzle operator’s second mean core grade is greater than 2.5, that nozzle operator is not permitted to shoot shotcrete on the project.  Core grading is performed during preconstruction testing only as a way of prequalifying nozzle operators.
(d) Water-soluble chloride ion concentration tests.  Calculate for water-soluble chloride ion concentration are performed on each test sample.  No individual test may be greater than the maximum permissible values shown in Table 566-1.  Water-soluble chloride ion analysis is performed during preconstruction testing only as a way of ensuring corrosion protection of the reinforcement.

(b) Submissions.  Submit field quality control test reports with the test data and results.  Include the following information in the reports:
(1) Date and time of test panel shooting including panel dimensions, size and spacing of reinforcement, when used, and type of curing;
(2) Test panel identification including panel number, shooting orientation, mix proportions and nozzle operator;
(3) Date, time, method of panel coring, number of test samples obtained from each panel and sample preparation methods;
(4) Test sample identification by panel number, sample number and sample dimensions;

(5) Date, time and types of tests performed

566.06  Shotcrete Construction.  Apply shotcrete according to ACI 506R and the following.
(a) Surface preparation.  When shotcrete is to be placed over existing concrete or rock, remove all loose or deteriorated material from the existing surface by chipping with pneumatic or hand tools.  Cut shoulders approximately 1 inch deep along the perimeter of repair areas on existing concrete.

Remove curing compound on previously-placed concrete or shotcrete surfaces by sandblasting.  Install approved depth gauges to indicate the thickness of the shotcrete layers.  Install depth gauges on 6-foot centers longitudinally and transversely with no less than two gauges per increment of surface area to receive the shotcrete.

Moisten all surfaces.  When applying shotcrete to previously-placed shotcrete or concrete, provide a saturated surface dry condition.  Soak surfaces with water 2 to 24 hours before application.  Immediately before shotcreting, blow the surfaces free of water.
When applying shotcrete to soil, thoroughly compact the soil to provide a firm foundation.  Ensure that the soil does not have free surface water prior to placing shotcrete.

(b) Reinforcing.  Install reinforcing steel, when required, according to the contract plans and Section 554.  Support the reinforcing steel to ensure that it will not be displaced from impact of the shotcrete during application.  For repair work, support the reinforcing steel by anchor studs or bolts installed in the existing masonry or rock.  Space anchors at no more than 12 inches on overhead surfaces, 18 inches on vertical surfaces, and 36 inches on top horizontal surfaces.  Use at least three anchors in each individual patch area.

Unless otherwise indicated in contract plans, reinforce all areas where shotcrete thickness exceeds 1½ inches with a single layer of either 2 X 2 – W1.2 X W1.2 or 3 X 3 – W1.5 X W1.5  welded wire fabric. Place fabric parallel to the proposed finished surface.  Support fabric at least ½ inch from any rock or previously placed concrete or shotcrete surface.  Provide a minimum 1 inch cover over any steel items including anchors, reinforcing bars and wire fabric.

(c) Temperature and weather conditions  Conduct cold and hot weather shotcreting operations according to Subsection 552.10.  Do not perform shotcrete operations during high winds and heavy rains.  Do not place shotcrete when the ambient temperature is anticipated to be below 32(F for the subsequent 24 hours.  Maintain the temperature of the shotcrete mix between 50(F and 90(F.  Do not place shotcrete against frozen surfaces.  Place shotcrete when the surface and ambient temperature is at least 40(F and rising.

(d) Shotcrete application.  Use the same nozzle operator that created acceptable test panels.
(1) Apply shotcrete within 45 minutes of adding cement to the mixture unless an approved hydration stabilizer is used wherein the maximum allowable discharge limit is 3.5 hours

(2) Limit the layer thickness of each shotcrete application to 2 inches.  Thicker applications may be approved if the Contractor can demonstrate that no sloughing or sagging is occurring.  If additional thickness is required, broom or scarify the applied surface and allow the layer to harden.  Provide a saturated surface dry condition to the surface before applying an additional layer.
(3) Remove laitance, loose material, and rebound.  Promptly remove rebound from the work area.
(4) Taper construction joints to a thin edge over a distance of at least 12 inches.  Wet the joint surface before placing additional shotcrete on the joint.  Do not use square construction joints.
(5) Finish shotcrete as directed by the CO.
566.07  Curing Shotcrete.  Cure the surface according to Subsection 552.15.  For intermediate shotcrete surfaces or if a stained or finished final surface is required, cure the shotcrete according to Subsection 552.15(b).  If no stained or finished surface is required, apply curing compound to the final exposed shotcrete surface according to Subsection 552.15(c).  Maintain shotcrete at a temperature above 40(F until shotcrete has achieved a minimum compressive strength of 750 pounds per square inch.
566.08  Penetrating Stain.  If penetrating stain is used, apply according to the manufacturer’s instructions.

566.09  Production Report.  Prepare and submit a written report within 24 hours of shotcrete production and application for each shift.  Include the following information in the report:
(a) Quantity and location of shotcrete applied including sketches of areas where shotcrete was placed.
(b) Observations of success or problems of equipment operation, application, final product condition, and any other relevant issues during production and application.
(c) Batch number(s) if applicable.
(d) Name of nozzle operator.
(e) Names and signature of person performing the observation.
566.10  Acceptance.  See Table 566-2 for sampling and testing requirements and the acceptance quality characteristic category.
Surface preparation will be evaluated under Subsection 106.02
Material for shotcrete will be evaluated under Subsections 106.02 and 106.03.  Furnish a production certification for the hydraulic cement.
The shotcrete placement system will be evaluated under Subsections 106.02 and 106.04.
The shotcrete mixtures air content and unit mass will be evaluated under Subsections 106.02 and 106.04.  Compressive strength will be evaluated under Subsection 106.05.  See Table 566-1 for requirements.

Measurement

566.11  Measure the Section 566 items listed in the bid schedule according to Subsection 109.02 and the following as applicable.
Measure shotcrete by the cubic yard in place.
Payment

566.12  The accepted quantities will be paid at the contract price per unit of measurement for the Section 566 pay items listed in the bid schedule except the shotcrete unit bid price will be adjusted according to Subsection 106.05.  Payment will be full compensation for the work prescribed in this Section.  See Subsection 109.05.
Payment for shotcrete will be made at a price determined by multiplying the unit bid price by the compressive strength pay factor.
Table 552-9

Sampling and Testing Requirements
	Material or Product
	Type of Acceptance (Subsection)
	Characteristic
	Category
	Test Method Specifications
	Sampling Frequency
	Point of Sampling
	Split Sample
	Reporting Time

	Aggregate (source quality)


	Measured and tested for conformance

(106.04 & 105)
	Quality
	---
	Subsection

703.18
	1 per material type
	Source of materials
	Yes
	Before producing

	Shotcrete composition

(mix design)
	Measured and tested for conformance

(106.04)
	All
	---
	Subsection 566.03
	1 per mix design
	Source of materials
	Yes
	Before producing

	Coarse and Fine Aggregate (production)
	Measured and tested for conformance

(106.04)
	Gradation (1)
	---
	AASHTO T 27

and

AASHTO T 11
	1 per load
	Flowing aggregate stream (bin, belt, discharge conveyor belt, or stockpile)
	Yes, when requested
	Before batching

	
	
	Moisture test
	---
	AASHTO T 255
	
	
	
	

	Shotcrete

(production)
	Measured and tested for conformance

(106.04)
	Boiling Absorption and permeable void volume (2)
	---
	ASTM C 642
	1 set per 90 yd3, but not less that 1 per job
	Production test panels (4)
	Note 5
	Note 6

	
	
	Unit mass
	---
	AASHTO T 121
	1 per load (3)
	Truck mixer or agitator (3)
	---
	Upon test completion

	
	
	Air content (2)
	---
	AASHTO T 152

or

AASHTO T 196
	
	
	
	

	
	Statistical

(106.05)
	Compressive Strength (2)
	II
	AASHTO T 24
	1 set per 30 yd3, but not less than 1 set per day and not less than 5 sets total
	Production test panels (4)
	Note 5
	Note 7


(1) Gradation requirements are shown in Table 703-15.

(2) Mixture properties requirements are shown in Table 566-1.

(3) Sample according to ASTM C 1385.  See Subsection 552.09(b)(3) for allowable reductions in sampling and testing frequencies.

(4) Prepare and cure nonreinforced test panels according to ASTM C 1140 for mixture properties testing.  Construct steel or wood test panel forms to a minimum width and length of 24 inches and a minimum depth of 6 inches with either square or sloped sides.
(5) Core 3-inch diameter samples at least 14 days after the field trial and moisture condition in sealed plastic bags or nonabsorbent containers according to AASHTO T 24, Section 7.3.  As directed by the CO, deliver Government cores to the designated laboratory for testing.
(6) Test at least three samples from each nonreinforced test panel at least 14 but no later than 28 days after casting.  Samples may consist of cores or pieces of cores as detailed in Subsection 566.05(a)(3).
(7) Test at least three, 3-inch diameter moisture conditioned cores from each nonreinforced test panel 28 days after casting.

