D&C  JB

SECTION 033713
SHOTCRETE

PART 1   GENERAL

1.01 WORK

A. Work should be classified as either structural or non-structural.  Shotcrete with a compressive strength > 4000 psi is considered structural shotcrete.

1.02
RELATED WORK SPECIFIED ELSEWHERE

USE PARAGRAPH BELOW WHEN FORMWORK IS REQUIRED.
A. Concrete Formwork:  Section 031100

ONLY FABRIC REINFORCEMENT IS INCLUDED IN THIS SECTION.  USE PARAGRAPH BELOW WHEN REINFORCING BARS ARE REQUIRED.
B. Steel Concrete Reinforcement:  Section 032100.

1.03
REFERENCES

A. Except as shown or specified otherwise, the Work of this Section shall conform to the requirements of American Concrete Institute (ACI).

1. ACI 301-16:  Specification for Structural Concrete.
2. ACI 318-14: Building Code Requirements for Structural Concrete
3. ACI 506.2-13:  Specification for Shotcrete.
4. ACI 506R-16:
Guide to Shotcrete.
5. ACI 506.3-91:  Guide to Certification of Shotcrete Nozzlemen.

6. ACI 506.4R-94:  Guide for the Evaluation of Shotcrete. 

1.04
SUBMITTALS


A.
Product Data:



1.
Cementitious Material:  Type, brand and manufacturer’s name.



2.
Aggregates:  Name and location of source, and D.O.T. test numbers.



3.
Reinforcement Anchors:  Manufacturer’s specifications and installation instructions.
USE SUBPARAGRAPH BELOW WHEN REQUIRED BY PROJECT.


4.
Fiber Reinforcing (ASTM C1116)



4.
Material Safety Data Sheets (MSDS) for all materials.



5.
Mix Design Proportions including admixtures and water/cement ratios.



6.
Compressive Strength Test Results.



7.
Aggregate source/gradation (ASTM C33) and Absorption (ASTM C127).


B.
Quality Control Submittals:



1.
Application Contractor’s Qualifications Data:




a.
Firm name, address, and telephone number.

b.
Period of time firm has applied shotcrete.

USE SUBPARAGRAPH BELOW WHEN REQUIRED BY PROJECT.
c.
The names and addresses of 5 similar projects completed by the firm.  Include name and phone number of contact person.



2.
Applicator’s Qualifications Data:




a.
Name of each person who will be performing the Work and their employer’s name, business address and telephone number.

b.
Period of time applicator has applied shotcrete.
c.
ACI certification of nozzlemen.

1.05
QUALITY ASSURANCE

A.
Qualifications:



1.
Application Contractor:  The firm performing the Work of this Section hall have been regularly engaged in the application of shotcrete for a minimum of 5 years, and shall have completed 5 similar projects in the last 5 years.



2.
Applicator:  The person(s) performing the Work of this Section and their Supervisor shall be personally experienced in the application of shotcrete and shall have been regularly employed by a Company performing shotcrete application for a minimum of 2 years, 

USE PARAGRAPH BELOW ON LARGE JOBS.  ALSO USE ON SMALL JOBS WHEN THE NATURE OF THE SHOTCRETE IS IMPORTANT (VISUALLY OR STRUCTURALLY).

B.
Field Examples:  Prior to start of shotcreting, have each application crew make test panels at the site, for examination and possible testing (at the discretion of the Director), using the equipment, materials and mix proposed for the project.  When approved, the panels will be the standard of workmanship required for all shotcrete.



1.
Make 2 test panels, each at least 30 inches square, for each required mix and for each shooting position to be encountered at the site.  Include required reinforcement in half of each panel.  Construct panels to the maximum shotcrete thickness required for the Work, but not less than 3 inches.



2.
All subsequently cut or broken surfaces shall be dense and free from laminations and sand pockets.



3.
Do not start placement of shotcrete until the test panels have been approved by the Director’s Representative.



4.
Maintain approved panels until all shotcrete has been installed and approved; then remove panels from the site.

1.06
PROJECT CONDITIONS


A.
Environmental Requirements:



1.
Do not use frozen materials in shotcrete mixes.



2.
Do not apply shotcrete to surfaces that are frozen or contain frost.



3.
Do not apply shotcrete when the ambient temperature is below 40 degrees F.  Maintain 40 degrees F or higher temperature for a minimum of 24 hours prior to application, during application, and until shotcrete has cured.  Provide heated shelters if necessary.  


4.
Deliver, store and handle materials to prevent any damage.  Do not allow any liquid materials to freeze or evaporate.
PART 2   PRODUCTS

2.01
MATERIALS (Amendments to ACI 506.2, Section 2 - Materials)

OTHER CEMENT TYPES MAY BE USED IN PARAGRAPH BELOW FOR SPECIFIC PURPOSES.

A.
Cement:  Portland cement; ASTM C 150, Type I or Type II.


B.
Aggregates:  Normal weight, graded sand; ASTM C 33.


C.
Water:  Clean and potable.


D.
Reinforcement:  Galvanized welded wire fabric, 2 x 2 - W0.9 x W0.9; ASTM A 1064,  ASTM A1060 for galvanizing.

E.
Reinforcement Anchors:  Expansion type “Style J Hook Bolt”, (ASTM A 307) with lead sleeve assembly, by Chicago Expansion Bolt Corporation, 9353 Seymour Avenue, Schiller Park, Illinois 601763/8 INCH DIAMETER HOOK BOLT ANCHOR IS ALSO AVAILABLE IN SUBPARAGRAPH BELOW.  CHECK SIZE WITH STRUCTURAL ENGINEER.


1.
Size:  1/4 inch diameter by length as required for location of reinforcement.


F.
Tie Wire:  Black annealed wire, gauge as required to securely hold reinforcement in place during placement of shotcrete.

2.02
PROPORTIONING/BATCHING/MIXING/DELIVERY: 

A.
Comply with ACI 506.2, Sections 2.5 & 2.6.

PART 3   EXECUTION

3.01
PREPARATION (Amendments to ACI 506.2, Section 3.1)


A.
Protection:  Cover or otherwise protect adjacent surfaces not required to receive shotcrete.


B.
Surface Preparation:



1.
Existing Concrete:  Remove loose and deteriorated concrete.  Roughen existing surfaces for proper bonding of shotcrete.  Taper edges; do not leave square shoulders.  Prior to application of shotcrete, flush concrete surfaces with water applied at a minimum of 3000 psi.  Blow away free water with compressed air.

3.02
INSTALLATION


A.
Tolerances:



1.
Minus Tolerance for Cover Over Reinforcement:  3/8 inch, except that it shall not be greater than one-third of the indicated cover.



2.
Concrete (Shotcrete) Surfaces:  Tolerances up to 50 percent larger than those specified for formed surfaces in ACI 301, unless otherwise indicated.


B.
Installation of Reinforcement:



1.
Place reinforcement to provide 1-1/2 inches of shotcrete cover over reinforcement, unless otherwise indicated.



2.
Install anchors in accordance with manufacturer’s printed instructions.  Space anchors not exceeding 30 inches on center, each direction, unless otherwise indicated.



3.
Fit reinforcement to conform to the finished surface of the areas to be filled.  Secure reinforcement to anchors with tie wire.



4.
Lap reinforcement a minimum of 1-1/2 squares in all directions at joints between sheets of reinforcement, and fasten with tie wire not exceeding 18 inches on center.  Twist ends of wire ties together, cut off 1/2 inch from twist, and bend ends back against reinforcement.


C.
Placement of Shotcrete:  (Amendments to ACI 506.2, Section 3.4)



1.
Begin vertical application at the bottom and complete at the top.



2.
Fill voids in substrate with initial flash coat.



3.
Buildup in multiple coats or layers of not more than 1/2 inch thickness, unless otherwise approved for job conditions.



4.
Hold nozzle at such distance (2 to 5 feet) and position that the stream of flowing material impinges generally at right angles to the surface being covered.  Remove rebound and deposits of loose sand prior to placing succeeding layers of shotcrete.



5.
Build up in successive layers to within 1/4 inch of the final surface, then screed with a sharp steel edge cutting screed.  Before placing the final coat, thoroughly wash down the surface of the preceding coat with compressed air and water.  Build up final coat to the finished surface true to line.



6.
At the end of each work period, cease shooting shotcrete at approved construction joints.

FLASH FINISH IN PARAGRAPH BELOW GIVES A RELATIVELY SMOOTH, GOOD APPEARANCE.  WHERE APPEARANCE IS NOT IMPORTANT, CHANGE FINISH TO “NATURAL GUN FINISH”.  (NATURAL GUN FINISH COSTS LESS AND IS PREFERRED FROM STRUCTURAL AND DURABILITY STANDPOINTS.)

D.
Finishing:  Flash finish.

3.04
CLEANING


A.
Clean adjacent surfaces that have been soiled or defaced performing the Work of this Section.  Restore marred or damaged surfaces.

END OF SECTION
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