DIVISION 3 - CONCRETE

Section 03 37 13 - Shotcrete

READ THIS FIRST

This Project Spec Document may need additional modifications to suit your project. It is recommended that you proofread each section, paying attention to any “Notes” boxes such as this one--you should remove these “Notes” sections as you go. Also, do a search for all bracket characters “ [ ] “ as they are used to show you areas containing options or project specific details (you can use Microsoft Word’s Find feature {Ctrl-F} to jump to an open bracket “ [ “ character quickly). Again, these bracket characters should be removed.

It is important that every paragraph be numbered to allow for easy referencing. If you use the document’s built in styles and formatting your outline should be fine (turn on the formatting toolbar by going to View > Toolbars > Formatting). Most paragraphs will use the style “Numbered Material” and can be promoted (Shift) or demoted (Shift-Tab).

You should not have to manually enter extra spaces, carriage returns or outline characters such as A, B, C, or 1.01, 1.02; the formatting will do this for you. The entire document is 11 pt. Arial. If you paste items in, you may need to reapply the “Numbered Material” format.
PART 1   GENERAL

1.1 SUMMARY OF WORK
A. The extent and location of “Shotcrete” Work is shown in the Contract Documents.
1.2 GOVERNING CODES, STANDARDS, AND REFERENCES
A. American Concrete Institute (ACI)

1. ACI 304 - Recommended Practice for Measuring, Mixing, Transporting and Placing Concrete (current edition)

2. ACI 318 - Building Code Requirements for Structural Concrete (current edition)

3. ACI 506R - Guide to Shotcrete (current edition)

4. ACI 506.2 - Specification for Materials, Proportioning, and Application of Shotcrete (current edition)

5. ACI 506.4R - Guide For The Evaluation of Shotcrete

B. American Society for Testing and Materials (ASTM)

1. ASTM C33 - Standard Specification for Concrete Aggregates (current edition)

2. ASTM C94 - Standard Specification for Ready-Mixed Concrete (current edition)

3. ASTM C150 - Standard Specification for Portland Cement (current edition)

4. ASTM C685 - Concrete Made by Volumetric Batching and Continuous Mixing (current edition)

5. ASTM C1140 - Standard Practice for Preparing and Testing Specimens from Shotcrete Test Panels (current edition)

C. International Code Council (ICC)

1. International Building Code (IBC) as adopted by the [City of Seattle as the Seattle Building Code] [Seattle-Tacoma International Airport Building Department] [Authority Having Jurisdiction] [other] (current edition)
1.3 SUBMITTALS
A. Submit materials data in accordance with Section 01 33 00 - Submittals. Furnish manufacturers’ technical literature, standard details, product specifications, and installation instructions for all products.
B. Submittals shall include the following:
1. Mix Design:

a. Mix design Submittal shall be in accordance with Section 03 30 00 – Cast-in-Place Concrete of this specification.

2. Certificate of compliance for fiber reinforcement with all specification requirements
3. Mock-up:

a. Record of continuous inspection

b. Test results

4. Installation Plan:

a. Detailed description of the exact construction methods proposed for use in the Work

b. Schedule of concrete placement dates which correlate with the approved Progress Schedule, including mock-up where required

c. Installation equipment list

d. Worker qualifications

PART 2   MATERIALS
A.
If only one product is acceptable (single or sole source product), obtain an approved Competition Waiver and submit to the CPO Construction, Contract Administrator.  The language shall read as: “Manufacturer Name, Product # XXXXX, No Equal.”  Refer to CPO-6 Competition Waiver Policy for more information.

B.
If a Competition Waiver is not approved or more than one product is acceptable, this section must list a minimum of 2 products plus the language “Or Approved Equal,” along with salient characteristics.  Refer to CPO Construction’s Salient Characteristics Guidelines for more information.

2.1 PROJECT INFORMATION

2.2 PREPARATION FOR MATERIALS

2.3 FABRICATION, PRODUCTION, & SUPPLY OF MATERIALS

2.4 MATERIAL REQUIREMENTS
A. Concrete
1. Concrete shall conform to the requirements of Section 03 30 00 – Cast-in-Place Concrete of these specifications, except as modified by this section.

2. Sand for shotcrete shall comply with the requirements for fine aggregate in ASTM C33. However, sand failing to comply with this grading may be used if preconstruction testing is performed and it is established that the sand gives acceptable results.
3. Coarse aggregate, where used, shall also comply with ASTM C33 and conform to one of the gradings shown in the following table. All oversize pieces are to be rejected by screening.

	GRADING FOR COARSE AGGREGATE

	Sieve Size:
	Percent by Weight Passing Individual Sieves:

	U.S. Standard Square Mesh
	No. 8 to 3/8 in. Size
	No. 4 to 1/2 in. Size
	No. 4 to 3/4 in. Size

	1 in.
	--
	--
	100

	3/4 in.
	--
	100
	90 - 100

	1/2 in.
	100
	90 - 100
	--

	3/8 in.
	85 - 100
	40 - 70
	20 - 55

	No. 4
	10 - 30
	0 - 15
	0 - 10

	No. 8
	0 - 10
	0 - 5
	0 - 5

	No. 16
	0 - 5
	--
	--


B. Reinforcement

1. Reinforcing Steel

a. Steel reinforcing bars shall be per Section 03 21 00 – Concrete Reinforcement.

2. Steel Fiber Reinforcement

a. Steel fiber reinforcement shall meet the requirements of ASTM A820/A820M.
C. Curing Materials

1. Impervious Sheet Materials

a. ASTM C171, type optional except polyethylene film, if used, shall be white opaque.

2. Membrane-Forming Curing Compound

a. ASTM C309, Type 1-D or Type 2.

2.5 MATERIAL HANDLING, DELIVERY, & STORAGE

2.6 DELIVERABLES

2.7 QUALITY ASSURANCE
A. Grading

1. The grading of the coarse and fine aggregate shall be determined in accordance with ASTM C136.

2. The fine and coarse aggregate grading shall be determined prior to batching the shotcrete and at least once during a shift in which shotcrete is being batched.
3. The Engineer will have the option to require one additional sieve analysis test for aggregate type.
B. Mixture Proportions

1. Record and check mixture proportions at least once per shift for weigh batching.
2. Record and check mixture proportions as recommended by ASTM C685 at least once per shift for volumetric batching and continuous mixing plants.

C. Air Content

1. Air content tests shall be conducted on wet-mix shotcrete according to ASTM C231 with a frequency of not less than once each shift nor less than once for each 50 cubic yards of shotcrete placed through the nozzle.
2. Tests shall be conducted on samples taken as the wet shotcrete mixture is placed in the delivery equipment.]
PART 3   EXECUTION

3.1 PROJECT INFORMATION

3.2 PREPARATION FOR EXECUTION OF WORK
A. General:
1. The mix proportions, graduation and quality of aggregate, amount of spacing of reinforcing steel, position of the Work, design and condition of delivery equipment, and especially the quality of workmanship affect the quality of shotcrete in place. An investigation shall be made prior to the start of the Work to check the operation of the equipment and qualifications of the application crew and to verify that the specified quality of shotcrete may be expected in the structure.
2. [Prior to execution of the Work, a full-scale mock-up shall be completed and approved. Mock up shall meet the following requirements:]
a. [Includes 4 ft x 4 ft area matching typical conditions, including reinforcement congestion and shooting position]

b. [Includes specified atypical and challenging conditions, including reinforcement congestion and shooting position]
c. [Compressive testing must be completed and results approved by the Engineer for at least three 3-inch diameter cores from the mock-up panel]

B. Preconstruction Inspection and Testing
1. An inspector shall be on hand to directly and continuously observe the installation method of the mock-up.
2. Testing in accordance with ACI 506R and ACI 506.4R shall be applied to the mock-up as if it were a full installation. Testing regimen shall include 7-day compressive test, which shall be completed prior to start of production Work.
C. Preparation of Surfaces

1. Earth

a. Earth shall be compacted and trimmed to line and graded before placement of shotcrete.
b. Surfaces to receive shotcrete shall be dampened.

2. Existing Concrete

a. All unsound and loose materials shall be removed by sandblasting, grinding, or high-pressure water jets before applying shotcrete.
b. Any area to be repaired shall be chipped off or scarified to remove offsets which would cause an abrupt change in thickness without suitable reinforcement.
c. Edges shall be tapered to leave no square shoulders at the perimeter of a cavity.
d. The surface shall be dampened but without visible free water.

3. Rock

a. Rock surfaces shall be cleaned to remove loose or drummy material, mud, running water, and other foreign matter that will prevent bond of the shotcrete.
b. The rock surface shall be dampened prior to placement of shotcrete.

4. Shotcrete

a. When a layer of shotcrete is to be covered by a succeeding layer at a later time, it shall first be allowed to develop its initial set.
b. All laitance, loose material, and rebound shall be removed by brooming or scraping.
c. Hardened laitance set shall be removed by sandblasting and the surface thoroughly cleaned.

5. Construction Joints

a. Unless otherwise specified, construction joints shall be tapered to a shallow edge form, about 1 inch thick. If non-tapered joints are specified, take special care to avoid or remove trapped rebound at the joint.
b. The entire joint shall be thoroughly cleaned and wetted prior to the application of additional shotcrete.
3.3 EXECUTION OF WORK
A. Wet Mix Process
1. Batching and Mixing Equipment:

a. Weight batching is preferred and strongly recommended. In lieu of weighing, cement may be batched by integral bags and a tally of periodic weight checks may be made to ensure that weights are maintained within a required tolerance. Water may be batched either by weight or volume.

b. The mixing equipment shall be capable of thoroughly mixing the specified materials in sufficient quantity to maintain continuous placing. The required mixing time will depend on the mix being used and the efficiency of the mixer; mixing should conform to ACI 304, “Recommended Practice for Measuring, Mixing, Transporting and Placing Concrete.” Where ready-mixed concrete is used, it shall conform to ASTM C94, “Specifications for Ready-Mixed Concrete.” Delivery of concrete at the desired slump and uniformity from batch to batch is essential.

c. The wet-mix delivery equipment shall be of a design and size which has given good results in similar work. It shall be capable of delivering the premixed materials accurately, uniformly and continuously through the delivery hose. The size of the hose is generally within the range of 1-1/4 to 2-1/2 inches. Recommendations of the equipment manufacturer should be followed on the type and size of nozzle to be used, and on cleaning, inspection and maintenance of the equipment.

2. Air Supply:
a. The air compressor shall be capable of maintaining a supply of clean air adequate for maintaining sufficient nozzle velocity for all parts of the Work and for the simultaneous operation of a blow pipe for clearing away rebound.
B. Dry Mix Batching and Mixing

1. Aggregate and cementitious materials may be batched by mass or by volume.
2. Equipment for batching by mass shall be capable of the accuracy specified in ASTM C94.
3. Volumetric equipment shall be capable of batching with the accuracy specified in ASTM C685.
4. The mixing equipment shall be capable of thoroughly mixing the materials in sufficient quantity to maintain placing continuity and be capable of discharging all mixed material without any carryover from one batch to the next.
C. Formwork
1. General:
a. Construct forms of plywood sheathing or other suitable materials, true to line and dimension, adequately braced to ensure against excessive vibration and constructed to permit the escape of air and rebound during the gunning operation.

2. Scaffolding:
a. Provide adequate and safe scaffolding so that the nozzleman can hold the nozzle at the optimum angle and distance from the surface for all parts of the Work. The scaffolding shall also give easy access to the shotcrete surface for screeding and finishing. Construct scaffolding to permit uninterrupted application of the shotcrete.

D. Reinforcement:

1. Provide sufficient clearance around the reinforcement to permit complete encasement with sound shotcrete. Clear spacing between parallel bars shall be at least 2-1/2 inches. Insofar as possible, arrange bars to permit shooting at a slight angle from opposite sides.

2. Lapped reinforcing bars shall not be tied together; they should be separated by at least two inches wherever possible. A continuous chair should not follow along directly underneath a reinforcing bar.

3. Rigidly secure reinforcement into the position indicated. All reinforcement shall be clean and free from loose mill scale, loose rust, oil, or other coatings that interfere with bonding.

E. Concrete Placement

1. A clean, dry supply of compressed air sufficient for maintaining adequate nozzle velocity for all parts for the Work and for simultaneous operation of a blow pipe for cleaning away rebound shall be maintained at all times. Thickness, method of support, air pressure, and rate of placement of concrete shall be controlled to prevent sagging or sloughing of freshly applied concrete.

2. The concrete shall generally be applied from the lower part of a region upwards. Surfaces to be shot shall be damp but free of standing water.

3. Horizontal and vertical corners and any area where rebound cannot escape or be blown free shall be filled first.

4. The nozzles shall be held at an angle approximately perpendicular to the working face and at a distance that will keep rebound at a minimum, maximizing compaction.

5. Concrete shall emerge from the nozzle in a steady uninterrupted flow.

6. If, for any reason, the flow becomes intermittent, the nozzle shall be diverted from the Work until a steady flow resumes.

7. Surface defects shall be repaired as soon as possible after initial placement of the concrete.

8. All concrete which lacks uniformity may be rejected by the Engineer. Rejected concrete shall be removed and replaced with fresh concrete by the Contractor, to the satisfaction of the Engineer, at no expense to the Port.

a. Concrete which exhibits segregation, honeycombing, or lamination may be rejected

b. Concrete which contains any dry patches, slugs, voids, or sand pockets may be rejected.

9. Construction joints in the concrete shall be uniformly tapered over a minimum distance of twice the thickness of the concrete layer with rough surface. The surface of the joints shall be cleaned and thoroughly wetted before adjacent concrete is placed. Concrete shall be placed in a manner that provides a finish with uniform texture and color across the construction joint.

10. The concrete shall be cured by applying a clear curing compound.

a. The curing compound shall be applied immediately after final gunning.

b. Two coats of curing compound shall be applied to the concrete surface immediately after finishing.

11. If field inspection or testing, by the Engineer, indicates that any concrete produced fails to meet the requirements, the Contractor shall immediately modify procedures, equipment, or system as necessary and approved by the Engineer to produce Specification Material.
12. The maximum percent of rebound shall not exceed 30%.
13. Do not work rebound back into the construction; if it does not fall clear of the Work, remove it. Do not salvage rebound and include it in later batches.

F. Finishing
1. Provide all exposed concrete surfaces not to receive finish wall covering with a flash coat of shotcrete followed by a steel-trowel finish.
2. For flash coat, a thin coat of shotcrete containing finer sand applied from a distance greater than normal shall be applied to the surface as soon as possible after the screeding.
3. Final surface finish shall be provided using [wood float] [rubber float] [steel trowel]. Troweling of thin sections of shotcrete shall be avoided unless both troweling and commencement of moisture curing take place within a relatively short period after placement of shotcrete.
G. Protection of Adjacent Surfaces
1. Protect surfaces which do not receive shotcrete, such as wood framing, with waterproof paper or other adequate means. Protect adjacent surfaces or ground which would be damaged by dust or rebound.
H. Curing

1. Initial Curing

a. Immediately after finishing, shotcrete shall be kept continuously moist for at least 3 days.
b. One of the following materials or methods shall be used:

(1) Ponding or continuous sprinkling.

(2) Absorptive mat or fabric, sand, or other covering kept continuously wet.

(3) On natural gun or flash finishes, use the coverage application requirement of 100 square feet/gallon or twice the manufacturer's requirement, whichever is less.
(4) Curing compounds shall not be used on any surfaces against which additional shotcrete or other cementitious finishing materials are to be bonded unless positive measures, such as sandblasting, are taken to completely remove curing compounds prior to the application of such additional materials.

2. Final Curing

a. Additional curing shall be provided immediately following the initial curing and before the shotcrete has dried.
b. One of the following materials or methods shall be used:

(1) Continue the method used in initial curing.

(2) Application of impervious sheet material conforming to ASTM C171.

3. Formed Surface

a. If forms are to be removed during curing period, one of the curing materials or methods listed in paragraph INITIAL CURING shall be used immediately. Such curing shall be continued for the remainder of the curing period.

4. Duration of Curing

a. Curing shall be continued for the first 7 days after shotcreting or until the specified compressive strength of the in-place shotcrete as determined by specimens obtained and tested in accordance with ASTM C42/C42M is achieved.

5. Temperature Considerations

a. The air temperature in contact with the shotcrete shall be continuously maintained at a temperature above 40 degrees F for at least [3 days after placement.] [[_____] days after placement if an accelerator is used.]
b. No shotcrete shall be applied when the concrete surface or air in contact with the concrete surface is below 40 degrees F.

I. Repair Of Defects
1. Defects

a. Defective areas larger than 31 000 square mm 48 square inches or 50 mm 2 inches deep shall be removed and replaced with fresh shotcrete. These defects include honeycombing, lamination, dry patches, voids, or sand pockets. Defective areas shall be removed in accordance with the procedures described in paragraph EXISTING CONCRETE and replaced with fresh shotcrete.

2. Repairs

a. All repairs shall be made within 1 week of the time the deficiency is discovered.
b. All unacceptable materials shall be removed and repaired by the procedures described in the following two paragraphs.
c. Minor Patching

(1) Voids and holes left by the removal of tie rods in all permanently exposed surfaces not to be backfilled and in surfaces to be exposed to water shall be reamed and completely filled with dry-patching mortar as specified below.

(2) Minor patching may be accomplished with a dry-pack mixture, or with materials as approved by the Contracting Officer.
(3) Patches that exceed 0.003 cubic meters 0.1 cubic foot in volume shall receive a brush coat of approved epoxy resin meeting ASTM C881, Type II, as a prime coat.

(4) Care shall be taken not to spill epoxy or overcoat the repair surface so that the epoxy runs or is squeezed out onto the surface which will remain exposed to view.
(5) Epoxy resin shall be used in strict conformance with manufacturer's recommendations with special attention paid to pot life, safety, and thin film tack time.

d. Core Holes

(1) Core holes shall not be repaired with shotcrete. Instead, they shall be filled solid with a dry-pack mixture after being cleaned and thoroughly dampened.
3.4 DELIVERABLES

3.5 QUALITY ASSURANCE
A. Standards:
1. Follow ACI 506R, 506.2 and 506.4.
B. Quality of Workmanship:
1. The quality of workmanship in the placing of concrete is of prime consideration; all Work is subject to the approval of the Engineer and shall be removed and replaced upon rejection at no additional cost to the Port.

C. Special Inspection:
1. Notify the Engineer at least 24 hours before any application will be required; inspection by the [Seattle Building Department] [Seattle Tacoma International Airport Building Department] will be required immediately prior to any intended placement of shotcrete.

D. Qualifications of Applicators:

1. The foreman, nozzleman and delivery equipment operator shall give evidence before employment that each has done a minimum of six months of satisfactory work in similar capacities elsewhere to be fully qualified to perform the duties assigned.

2. The foreman should have served at least one year of work on similar applications and should be able to demonstrate by tests the ability to satisfactorily perform the duties and to gun shotcrete of the required quality.

3. A final check on the qualifications of the application crew shall be presented to the Engineer in the preconstruction testing period.
E. Test Panel

1. Testing shall be in accordance with [Section 01 45 16.13 – Contractor’s Quality Control Program] [Section 01 45 23 – Independent Testing and Inspection Service]
2. One test panel shall be made for every 50 cubic yards of shotcrete placed but not less than one per each shift during which any shotcrete is placed.
3. Panels shall have minimum dimensions of 18 by 18 by 4 inches and shall be gunned in the same positions as the Work represented during the course of the Work by the Contractor's regular nozzleman.

4. Panels shall be field cured in the same manner as in the job.
5. [Three [_____] inch diameter cores cor compressive testing shall be drilled from each panel at least 40 hours prior to testing and tested in accordance with ASTM C1140.]
6. [Two 4 by 4 by 14 inch beams shall be saw cut from the test panels when fiber-reinforced shotcrete is used. The fiber-reinforced shotcrete beams shall be tested in accordance with ASTM C1140.]

7. If the quality of shotcrete is questionable, the Engineer may request that the panel be sawn or cored to determine the shotcrete quality and if remedial action is necessary.
PART 4   MEASUREMENT AND PAYMENT

4.1 GENERAL

A. No separate measurement or payment will be made for the Work required by this section. The cost for this portion of the Work will be considered incidental to, and included in the payments made for the applicable bid items in the [Schedule of Unit Prices] [Lump Sum price bid for the Project].

End of Section
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