DIVISION 3

CONCRETE

SECTION 03371

SHOTCRETE

PART 1 - GENERAL


1.1  REFERENCES:  The publications listed below form a part of this specification to the extent referenced.  The publications are referred to in the text by the basic designation only.


1.1.1  AMERICAN CONCRETE INSTITUTE (ACI):



ACI 201.2R

(1992) Durable Concrete



ACI 301

(1994) Structural Concrete for Buildings



ACI 308

(1992) Curing Concrete



ACI 315

(1994) Details and Detailing of Concrete






Reinforcement



ACI 347R

(1994) Formwork for Concrete



ACI 506R

(1991) Shotcrete



ACI 506.2

(1990) Materials, Proportioning, and Application of 






Shotcrete



ACI 506.3R

(1991) Certification of Shotcrete Nozzlemen


1.1.2  AMERICAN SOCIETY OF MECHANICAL ENGINEERS (ASME):



ANSI/ASME B40.1

(1991; Special Notice 1992) Gauges -Pressure 







Indicating Dial Type – Elastic Element


1.1.3  AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM):



ASTM A 82

(1994) Steel Wire, Plain, for Concrete 






Reinforcement



ASTM A 185

(1994) Steel Welded Wire Fabric, Plain, Concrete 






Reinforcement



ASTM A 307

(1994) Carbon Steel Bolts and Studs, 60,000 psi 






Tensile Strength



ASTM A 416

(1994; Rev. A) Steel Strand, Uncoated Seven-






Wire for Prestressed Concrete



ASTM A 421

(1991) Uncoated Stress-Relieved Steel Wire for 






Prestressed Concrete



ASTM A 496

(1994) Steel Wire, Deformed, for Concrete 






Reinforcement



ASTM A 497

(1994; Rev. A) Steel Welded Wire Fabric, Deformed, 






for Concrete Reinforcement



ASTM A 615

(1995; Rev. A) Deformed and Plain Billet-Steel Bars 






for Concrete Reinforcement



ASTM A 616

(1995; Rev. A) Rail-Steel Deformed and Plain Bars 






for Concrete Reinforcement



ASTM A 617

(1995) Axle-Steel Deformed and Plain Bars for 






Concrete Reinforcement



ASTM A 641M
(1991) Zinc-Coated (Galvanized) Carbon Steel Wire 






(Metric)



ASTM A 641

(1992) Zinc-Coated (Galvanized) Carbon Steel Wire



ASTM A 706

(1995; Rev. A) Low-Alloy Steel Deformed Bars for 






Concrete Reinforcement



ASTM A 767

(1990) Zinc Coated (Galvanized) Steel Bars for 






Concrete Reinforcement



ASTM A 775

(1994; Rev. D) Epoxy-Coated Reinforcing Steel Bars



ASTM A 780

(1993; Rev. A) Repair of Damaged and Uncoated Areas 






of Hot-Dip Galvanized Coatings



ASTM A 884

(1994; Rev. A) Epoxy-Coated Steel Wire and Welded 






Wire Fabric for Reinforcement



ASTM C 31

(1991) Making and Curing Concrete Test Specimens in 






the Field



ASTM C 42

(1994) Obtaining and Testing Drilled Cores and 






Sawed Beams of Concrete



ASTM C 87

1983; R 1990) Effect of Organic Impurities in Fine 






Aggregate on Strength of Mortar



ASTM C 94

(1994) Ready-Mixed Concrete



ASTM C 143

(1990; Rev. A) Slump of Hydraulic Cement Concrete



ASTM C 150

(1995) Portland Cement



ASTM C 171

(1992) Sheet Materials for Curing Concrete



ASTM C 172

(1990) Sampling Freshly Mixed Concrete



ASTM C 231

(1991; Rev. B) Air Content of Freshly Mixed 






Concrete by the Pressure Method



ASTM C 260

(1994) Air-Entraining Admixtures for Concrete



ASTM C 309

(1994) Liquid Membrane-Forming Compounds
 for Curing 






Concrete



ASTM C 330

(1989) Lightweight Aggregates for Structural 






Concrete



ASTM C 494

(1992) Chemical Admixtures for Concrete



ASTM C 595M
(1995) Blended Hydraulic Cements(Metric)



ASTM C 595

(1994; Rev. A) Blended Hydraulic Cements



ASTM C 618

(1994; Rev. A) Coal Fly Ash and Raw or Calcined 






Natural Pozzolan for Use as a Admixture in Portland 






Cement Concrete



ASTM C 666

(1992) Resistance of Concrete to Rapid Freezing and 






Thawing



ASTM C 685

(1994) Concrete Made by Volumetric Batching and 






Continuous Mixing



ASTM C 989

(1994; Rev. A) Ground Granulated Blast-Furnace Slag 






for Use in Concrete and Mortars



ASTM C 995

(1994) Time of Flow of Fiber Reinforced Concrete 






Through Inverted Slump Cone



ASTM D 3963
(1993; Rev. A) Epoxy-Coated Reinforcing Steel


1.1.4  COMMERCIAL ITEM DESCRIPTIONS (CID):



CID A-A-1924
Shield, Expansion (Self Drilling Tubular Expansion 






Shell)


1.1.5  STEEL STRUCTURES PAINTING COUNCIL (SSPC):



SSPC SP 1

(1982) Solvent Cleaning



SSPC SP 6

(1991) Commercial Blast Cleaning


1.1.6  Japanese Industrial Standards (JIS):



A 1107-93

Method of Obtaining and Testing Drilled Cores and 






Sawed Beams of Concrete



A 1128‑93

Method of Test for Air Content of Fresh Concrete by 






Pressure Method



A 5308-96 

Ready-Mixed Concrete



A 6204-95

Chemical Admixtures for Concrete



B 1178-94

Foundation Bolts



G 3112-87

Steel Bars for Concrete Reinforcement 



G 3532-93

Low Carbon Steel Wires 



G 3551-93

Welded Steel Wire Fabrics



K 6781-94

Polyethylene Films for Agriculture 



R 5210-92

Portland Cement 



R 5211-92

Portland Blast-Furnace Slag Cement 



R 5212-92

Portland Pozzolan Cement 



R 5213-92

Portland Fly-Ash Cement 


1.1.7  Japanese Architectural Standard Specification:



JASS 5-86

Reinforced Concrete Work


1.2  SUBMITTALS:  Submit the following in accordance with Section 01330, entitled "Submittal Procedures."


1.2.1  SD-04, Drawings:



a.  Reinforcement:  ACI 315.  Indicate bending diagrams, assembly diagrams, splicing and laps of bars, and shapes, dimensions, and details of bar reinforcing and accessories.  Do not use project drawings as drawings or scale project drawings to determine the length of reinforcing bars.  Indicate the type and location of anchorage for welded wire fabric.


1.2.2  SD-05, Design Data:



a.  Shotcrete mix design:  Thirty days minimum prior to shotcrete placement, submit a mix design for each strength of shotcrete.  Include a complete list of materials including admixtures, applicable reference specifications, and copies of test reports  showing the mix has been successfully tested to produce shotcrete with the properties specified.  Obtain approval [from Contracting Officer] prior to shotcrete placement.



b.  Alternate Mix Design:  An identical shotcrete mix design previously approved within the past 12 months by the [_____] Division, Naval Facilities Engineering Command may be used without further approval, provided that copies of the previous approval are submitted.  Obtain acknowledgement of receipt prior to beginning shotcrete work.  Mix proportions and material sources shall be identical to the previously approved mix design, except when the aggregate source differs, submit additional data on the aggregate.


1.2.3  SD-07, Schedules:



a.  Shotcrete equipment


1.2.4  SD-08, Statements:



a.  Nozzleman certification:  Submit, for each nozzleman, certification in the type of shotcrete application required for the job, conforming to [ACI 506.3R.  Include the name of the certifying agency and date of certification. Date of certification shall be a maximum of 5 years from the start of construction.] [ACI 506R].


1.2.5  SD-12, Field Test Reports:



a.  Mix design sample panel tests 



b.  Nozzlemen sample panel tests



c.  Production sample tests 


1.2.5.1  Mix Design Sample Panel Tests:  Submit for each sample panel results of sampling and testing and visual inspection specified under paragraph entitled "Test Panels for Mix Design" to test the mix design.


1.2.5.2  [Nozzlemen Sample Panel Tests:  Submit for each sample panel results of sampling and testing and visual inspection specified under paragraph entitled "Test Panel for Nozzleman Certification" to test the performance of the nozzleman.  Tests and visual grading performed on the test panels shall demonstrate conformance to specifications prior to shotcreting.  Submit test results and visual grading, including nozzleman's name, to the Contracting Officer prior to starting shotcreting.]


1.2.5.3  Production Sample Tests:  Submit results of sampling and testing and visual inspection from [sample panels] [work in place] as required by paragraph entitled "Field Quality Control."


1.2.6  SD-13, Certificates:



a.  Cement



b.  Aggregate



c.  Admixtures



d.  Reinforcement]



[e.  Anchor bolts]



[f.  Curing materials]



[g.  Synthetic reinforcing fibers]


1.2.7  SD-18, Records:



a.  Shotcrete delivery batch ticket


1.2.7.1  Requirement:  Submit ASTM C 94 mandatory batch ticket information on delivery ticket for each load of ready-mixed shotcrete.


1.3  QUALITY ASSURANCE:


1.3.1  Modification of References:  In ACI publications referred to herein, advisory provisions shall be considered mandatory, as though the word "shall" had been substituted for "should" wherever it appears; reference to the "Building Official," the "Structural Engineer," and the "Architect/Engineer" shall be interpreted to mean the Contracting Officer.


1.3.2  Test Panels for Mix Design:  If previous mix designs are not available or approved, make three test panels for each proposed mix design and for each shooting position to be encountered.  Each panel shall be a minimum of [1 m by 1 m][36 by 36 inches], with the maximum thickness required by the job, or [75 mm][3 inches], whichever is greater.  One-half of the panel shall contain the same reinforcement as the structure and the other half of the panel shall be unreinforced.  From the unreinforced half of each test panel, take a minimum of one sample for each strength [and durability] requirement listed under paragraph entitled "Contractor-Furnished Mix Design," and inspect and grade each sample for visual defects to determine conformance to the specifications.  From the reinforced half of each test panel, take one sample which includes reinforcing and inspect for visual defects to determine conformance to the specifications.


1.3.3  [Test Panel for Nozzleman Certification:  After approval of mix design, each nozzleman shall provide one test panel, minimum dimensions of [1.20 m by 1.20 m][4 by 4 feet] by the depth of shotcrete to be placed, or minimum depth of [75 mm][3 inches], whichever is greater, gunned in the same position, manner, and with the same reinforcement as the job site requirements except that one-half of the test panel shall be nonreinforced. Field cure test panel in the same manner as the work.  Each sample shall be visually inspected and graded for visual defects as specified in paragraph entitled "Field Quality Control."  From the reinforced half of each test panel, take one sample which includes reinforcing and inspect and grade for visual defects to determine conformance to the specifications.  From the unreinforced half of each test panel provide the following samples and tests to determine conformance to specified requirements:



a.  Compressive Strength:  Cut three cores and test in accordance with ASTM C 42.



[b.  Freeze/Thaw Test:  Cut and test one specimen in accordance with ASTM C 666.  In addition, measure weight loss and length change during testing.]]


1.3.4  Test Panels:  Use the same nozzleman, equipment, equipment settings, and equipment location relative to the work location, as that used in production work.  When taking samples from the test panels, allow shotcrete to cure a minimum of 48 hours prior to cutting samples.


1.4  DELIVERY, STORAGE, AND HANDLING:


1.4.1  Cement [, Fly ash, and Pozzolan]:  Store in weathertight enclosure to prevent dampness and contamination.


1.4.2  Aggregates:  Prevent segregation and contamination of aggregates by proper arrangement and use of stockpiles.  Protect against dampness.


1.4.3  Reinforcement:  Store reinforcement to prevent coating with grease, oil, dirt, and other objectionable materials, excessive rusting, and other damage.  Store in separate piles or racks to maintain identification after bundles are broken.


1.4.4  Admixtures:  Store admixtures to prevent contamination, evaporation, freezing, and other damage.


1.5  EQUIPMENT:


1.5.1  Compressors:  Oil free or provided with a dry type compressed air filter on the outlet line.  Air filters shall be 99 percent efficient in removing oil and solid particles at 0.3 micron rating.  Provide filter with baked enamel steel housing and manual drain valve.


1.5.2  Weighing Equipment:  ASTM C 94 for weight batching [and ASTM C 685 for volumetric batching.] ASTM C 94 tolerances may be increased as follows: cement- plus or minus 2 percent of mix proportion weights; aggregate- plus or minus 4 percent of mix proportion weights; and admixtures- plus or minus 6 percent of mix proportion weights.


1.5.3  Delivery Equipment:  Provide on both the air and water hose ANSI/ASME B40.1 pressure gages, approximate scale diameter of [88 mm][3.5 inches], with a gage pressure range not exceeding 50 percent of maximum operating pressure.


1.5.3.1  Air Supply:  Provide a uniform, steady supply of clean, dry air to maintain sufficient nozzle velocity with simultaneous operation of a blow pipe and air/water gun.  Provide minimum ACI 506R compressor capacities.


1.5.3.2  Wet Mix:  Delivery equipment shall discharge shotcrete mixture accurately, uniformly, and continuously through the delivery hose.


1.5.3.3  Dry Mix:  Delivery equipment shall discharge shotcrete mixture into the delivery hose and deliver a continuous smooth stream of uniformly mixed material to the discharge nozzle.  Equip the discharge nozzle with a manually operated water injection system.  The water pressure into the nozzle shall be nonpulsating and a minimum of [138 kPa][20 psi] greater than the operating air pressure.  Provide a water pump into the system if water pressure is inadequate.

PART 2 - PRODUCTS


2.1  SHOTCRETE:


2.1.1  Contractor-Furnished Mix Design:  ACI 506.2, except as otherwise specified.  Shotcrete shall have a minimum [28] [_____]-day compressive strength (f'c) of [[28] [_____] MPa][4000] [_____] psi] [with an air content, when using the wet mix process, of 6 to 8 percent in the preplaced mix].  Provide a [25 to 75 mm][one- to 3-inch] slump in the preplaced mix when using the wet mix process [except that an ASTM C 995 flow of 15 to 30 seconds shall be provided for synthetic fiber reinforced shotcrete].  ACI 201.2R for maximum total chloride ion content in the shotcrete mix, including aggregate, cement, water, and admixtures.  [In addition, the shotcrete shall have a minimum ASTM C 666 procedure A durability factor of 85 based on 300 cycles.  After 300 cycles the test specimen, when compared to the original test specimen, shall have a maximum weight loss of 5 percent and a maximum expansion of 0.1 percent.]  [Provide a minimum of [1 kg][1.5 pounds] of synthetic reinforcing fibers per [cubic meter][cubic yard] of shotcrete.]


2.1.1.1  Ready-Mixed Shotcrete:  [JIS A 5308]ASTM C 94, except as modified herein.  Ready-mixed shotcrete may be used for the wet mix process provided the plant has sufficient capacity and transportation equipment to deliver shotcrete at the required rate, and the plant meets requirements specified herein for equipment, measurement of materials, and mixing.


2.2  MATERIALS:


2.2.1  Cement:  [JIS R 5210]ASTM C 150, Type [I] [_____][ASTM C 595M][ASTM C 595],Type [IS-MS] or [IP-MS] [____].  Either ASTM C 618 fly ash or pozzolan, or ASTM C 989 ground iron blast-furnace slag may be mixed with the specified type of ASTM C 150 cement to produce the equivalent [ASTM C 595M][ASTM C 595] Type [IS-MS] [IP-MS] [_____] blended cement, except that the pozzolan/fly ash content shall not exceed 25 percent by weight of total cementitious material and the ground iron blast-furnace slag shall not exceed 50 percent of weight of total cementitious material.


2.2.1.1  Fly Ash and Pozzolan:  ASTM C 618, Type N, F, or C, except that the maximum allowable loss on ignition shall be 6 percent for Types N and F. Add with cement.


2.2.1.2  Ground Iron Blast Furnace Slag:  ASTM C 989, Grade 100 or 120.


2.2.1.3  Blended Hydraulic Cement:  Either JIS R 5211, Class A; or JIS R 5212, Class A; or JIS R 5213, Class A.


2.2.2  Aggregate:


2.2.2.1  Normal-Weight Aggregates:  [JASS 5, Paragraph 3.3]ACI 506R, aggregate gradation [No. 1]  [No. 2] [No. 3].


2.2.2.2  Lightweight Aggregates:  [JASS 5 Paragraph 15.3]ASTM C 330, grading size designation [_____].


2.2.3  Water:  [Potable.] [Fresh and clean.  ASTM C 87 mortar specimens shall show no unsoundness or marked change in setting, with a minimum compressive strength at 28 days of 95 percent of the compressive strength of mortar specimens made with water of known satisfactory quality with the same sand and cement.  Water provided for curing shall not cause unsightly staining.]


2.2.4  Admixtures:  [JIS A 6204] Provide only when approved.  Calcium chloride shall not be used as an admixture.


2.2.4.1  Water Reducers:  ASTM C 494, Type A.


2.2.4.2  Air Entraining:  ASTM C 260.


2.2.4.3  Accelerators:  ASTM C 494, Type C.


2.2.5  Reinforcement:


2.2.5.1  Reinforcing Bars:  [JIS G 3112] ASTM A 615/A 615M and ASTM A 617/A 617M, deformed, [Grade [300 MPa] [400 MPa]][Grade [40] [60]]; ASTM A 616/A 616M, deformed, [Grade [350 MPa] [400 MPa]][Grade [50] [60]].  [ASTM A 706/A 706M, [Grade [400 MPa]][Grade [60]].]  [Bars shall be ASTM A 775/A 775M or ASTM D 3963/D 3963M epoxy coated.]  [Bars shall be ASTM A 767/A 767M galvanized.]


2.2.5.2  Welded Wire Fabric:  [JIS G 3551][ASTM A 185, [_____] by [_____]-W [_____] by W [_____]] [; and] [ASTM A 497, [_____] by [_____]-D [_____] by D [_____]].  [Fabric shall be ASTM A 884 epoxy coated.]  [Fabric shall be made from [ASTM A 641M][ASTM A 641] galvanized wire.]


2.2.5.3  Steel Wire:  [JIS G 3532] ASTM A 496, D-4 minimum size; ASTM A 82.  [Wire shall be ASTM A 884 epoxy coated.] [Provide galvanized ASTM A 82 wire.]


2.2.5.4  [Prestressing Steel:  ASTM A 416/A 416M, Grade 250; ASTM A 421, Type WA.]


2.2.5.5  [Synthetic Reinforcing Fibers:  Shall be 100 percent virgin polypropylene fibrillated fibers containing no reprocessed olefin materials. Fibers shall have a specific gravity of 0.9, a minimum tensile strength of [470 MPa][70 ksi], graded per manufacturer, and specifically manufactured to an optimum gradation for use as secondary reinforcement for shotcrete. Fibers shall be added at the batch plant.]


2.2.6  Reinforcement Anchors:


2.2.6.1  Anchor Bolts:  [JIS B 1178] ASTM A 307, Grade A.  [Bolts shall be galvanized.]


2.2.6.2  Expansion Anchor Bolts:  CID A-A-1924.  [Bolts shall be galvanized.]


2.2.7  Curing Materials:


2.2.7.1  Impervious Sheet Material:  [JIS J 6781] ASTM C 171, waterproof paper or white opaque polyethylene.


2.2.7.2  Curing Compound:  ASTM C 309, Type 2.

PART 3 - EXECUTION


3.1  SURFACE PREPARATION:


3.1.1  Earth Surface:  Bring to grade and compact.  Predampen prior to shotcreting. Do not place on frozen surfaces.


3.1.2  Concrete and Masonry Surfaces:  Remove, by chipping or grinding, loose or unsound material and offsets which cause an abrupt change.  Taper edges of surface cavities.  After obtaining approval of the surface preparation, surface shall be wet sandblasted or water blasted to remove contaminants and to provide a roughened surface.  Water blasting equipment shall be capable of delivering water pressures of [52 MPa][7500 psi].  Adjust water pressure based on surface conditions, as approved.  Dampen the surface for a minimum of 2 hours immediately before shotcreting.  Surfaces to be shotcreted shall not have standing or running water.


3.1.3  Steel Surfaces:  SSPC SP 1 solvent clean surfaces to remove oil and grease, then SSPC SP 6 blast clean.


3.1.4  Final Cleaning:  Immediately before shotcrete placement, inspect and reclean, as required or directed, surfaces to be shotcreted.  Use compressed air to remove water and sand residue.


3.2  SHOTCRETING:  ACI 506.2, unless otherwise specified.  Shotcreting shall be by the [dry mix] [or] [wet mix] process.  [Typical details for various repairs, quantities of work, and general location of each repair are indicated.  The exact location, including dimensions of repairs, shall be as designated by the Contracting Officer.]


3.3  FORMS:  Provide as required to receive and shape shotcrete.  Forms shall withstand pressures encountered during shotcrete placement and maintain specified tolerances for formed surfaces.  Forms shall prevent mortar leakage but permit escape of air and rebound during shotcreting.  Construct forms to allow removal without damage to shotcrete.  Place chamfer strips in forms to bevel salient edges and corners, except tool the top edges of walls and slabs.  Chamfer [75 mm][3/4 inch] unless indicated otherwise. Where exposed to weather, provide nonrusting materials on formwork accessories that will contact the shotcrete.


3.3.1  Coating:  Surfaces of removable forms in contact with shotcrete shall be coated with a non-staining form release compound.  Remove form release compound from shotcrete as specified under paragraph entitled "Surface Preparation" prior to bonding additional shotcrete against the surface [and prior to painting].  Do not use mineral oil.


3.3.2  Tolerances and Variations:  Set and maintain forms to ensure that, after removal, formed shotcrete work shall not exceed [1.5 times] ACI 347R tolerances.


3.4  GROUND WIRES:  Provide as required to establish the required thickness and surface planes of shotcrete work.  Pull ground wires tight, and locate to permit further tightening.  Unformed surfaces shall have [2.0] [1.5] times the tolerance specified for formed surfaces in ACI 347R.


3.5  PLACING REINFORCEMENT AND MISCELLANEOUS MATERIALS:  Provide bars, wire fabric, and other reinforcing materials indicated or specified.  In addition, provide wire ties, supports, and other devices required to install and secure the reinforcement.  Reinforcement shall not contain rust, scale, oil, grease, dirt, and other foreign substances that would reduce or destroy the bond.  Minor rusting of uncoated reinforcement shall not be a basis of rejection, provided rusting has not reduced the effective cross sectional area of the reinforcement below the minimum diameter allowed by the applicable reinforcement standard, and that loose rust has been removed prior to placing.


3.5.1  Reinforcing Bars:  Place accurately and securely to prevent displacement by construction loads or shooting.  Secure reinforcement with galvanized or noncorrodible chairs, spacers, or metal hangers.  Continuous chairs shall not follow directly underneath a reinforcing bar.


3.5.2  Welded Wire Fabric:  Place and secure as specified for reinforcing bars.  Extend temperature reinforcement across supporting beams and walls and to within [100 mm][4 inches] of edges.  [Extend fabric through joints, except for expansion joints.]


3.5.3  Splicing:  Unless indicated otherwise, overlapping reinforcement running in the same direction shall not be lapped and tied together, but shall be offset from each other a minimum of three times the maximum aggregate size, where possible.  Welded wire fabric shall be overlapped 1 1/2 squares in all directions.  In areas where more than two layers of welded wire fabric overlap, the additional layers of overlapped welded wire fabric shall be cut out.  Splices not indicated shall be approved prior to use.  Do not splice at points of maximum stress.


3.5.4  Anchorage:  Unless indicated otherwise, use the following minimum spacing to anchor reinforcing to existing surfaces:



a.  Overhead surfaces:  [460 mm][18 inches] on center



b.  Vertical surfaces:  [600 mm][24 inches] on center



c.  Floor surfaces:  [900 mm][36 inches] on center


3.5.5  [Reinforcement Coating Repair:  Coatings damaged in handling, transportation, cutting, welding, and bolting shall be repaired.


3.5.5.1  [Epoxy Coating:  ASTM A 775/A 775M and ASTM D 3963/D 3963M for reinforcing bars, and ASTM A 884 for welded wire fabric and steel wire.]


3.5.5.2  [Galvanizing Repair:  ASTM A 780.]


3.6  BATCHING AND MIXING SHOTCRETE:  Batch materials by weighing.  [When approved by the Contracting Officer, volumetric batching may be used. Provide one weight batching check every 4 hours of volumetric batching.]  Aggregate gradations that contain aggregates larger than [13 mm][1/2 inch] in diameter shall have the fine and coarse aggregates batched separately.  Do not use rebound or previously expended material in the mix. Furnish equipment and establish procedures to batch and thoroughly mix materials at a rate to maintain  continuous placement and ensure uniformity of batches.


3.7  SHOTCRETE PLACEMENT:


3.7.1  Placement Techniques:  Except when shooting through reinforcement or when encasing reinforcement, hold nozzle as perpendicular to surface as work permits.  Build up layers by making several passes of the nozzle over the work area.  Place shotcrete in layer thickness to prevent sagging of shotcrete.  When shooting more than one layer of reinforcement, the first layer of shotcrete shall completely encase reinforcement adjacent to the form.  Operate a blow pipe and an air/water gun, and perform shotcreting to prevent rebound and other loose materials from entering new construction.  Keep nozzle moving to prevent a buildup of overspray.


3.7.1.1  Placement Priority:  Fill corners, and other areas where rebound cannot escape or be blown free, with sound material first.  [When structural steel is to be shotcreted, complete the fillets between the web and the flanges before application of shotcrete to flat areas.]


3.7.1.2  Placement Around Reinforcement:  Hold nozzle closer to work and at a slight angle from the perpendicular to ensure shotcrete washes behind reinforcement before shotcrete accumulates on front of reinforcement. [In the dry mix process, add additional water to the mix to provide a smooth flow of material behind bars.] Do not place shotcrete through more than one layer of reinforcing steel in one application, unless otherwise approved.


3.7.1.3  Reinforcement Cover:  Unless indicated otherwise, provide the following minimum cover over reinforcement:



a.  Slabs, walls, lining, or coatings:  [20 mm][3/4 inch] for No. 1 aggregate, and [40 mm][1 1/2 inches] for gradation No. 2 and No. 3 aggregate.



b.  Beam, girders, columns:  [40 mm][1 1/2 inch].


3.7.2  Repair of Defects:  Remove shotcrete that lacks uniformity or contains segregation, honeycombing, laminations, dry patches, voids, sand pockets, sand lenses, sagging, or incomplete encasement of reinforcement.  Prepare surface as specified under paragraph entitled "Surface Preparation," and provide new shotcrete.


3.7.3  Preparation for Succeeding Layers:  Each layer of shotcrete to be covered by a succeeding layer shall be allowed to obtain an initial set.  Upon initial set (first stiffening of shotcrete), remove laitance, loose material, and overspray, and rebound by wet sandblasting.  Do not disturb the bond between the shotcrete and the underlying surfaces.  Laitance that has taken a final set (attainment of significant rigidity) shall be removed by sandblasting and the surface cleaned by water and air blasting.  Sound the surface for sand pockets and areas that lack bond.  Cut defective areas out, clean by water and air blasting, and fill with the succeeding layer of shotcrete.  Dampen each layer of shotcrete for several hours prior to placement of the succeeding layer.


3.7.4  Construction Joints:  Taper to a [25 mm][one-inch] thick edge, unless indicated otherwise.  Make joints perpendicular to the main reinforcement and continue reinforcement across joints.  Joints shall be prepared for new shotcrete as specified in paragraph entitled "Preparation for Succeeding Layers."


3.7.5  Suspension of Work:  If the following conditions occur, discontinue shotcrete work:



a.  Ambient temperature around the surface to receive shotcrete is          below [4 degrees C][40 degrees F] and falling.



b.  Drying or stiffening of the mix occurs prior to delivery to the nozzle.



c.  Area not protected and high winds prevent proper application.



d.  Area not protected and rain occurs.



e.  Time between addition of mixing water to the cement and aggregate, or cement to aggregates, and placement of shotcrete exceeds 60 minutes when the ambient temperature is less than [30 degrees C][85 degrees F], or exceeds 45 minutes when the ambient temperature is greater than [30 degrees C][85 degrees F].


3.7.6  Rebound and Overspray:  Do not reuse in construction.  Remove material that does not fall clear of work prior to final set, and before shotcrete placement on adjacent surfaces.


3.8  FINISHING:  Provide a [natural gun] [_____] finish.  [Do not trowel thin sections of shotcrete unless both troweling and curing are started within a short time period after shotcrete placement, as approved by the Contracting Officer.]


3.9  CURING AND PROTECTION:  ACI 308, except as modified.  Throughout curing process, maintain shotcrete in moist condition and at a minimum temperature of [4 degrees C][40 degrees F].


3.9.1  Initial Curing:  Continuously moisten shotcrete for at least 24 hours after placement.  Use one of the following methods:



a.  Ponding or continuous sprinkling.



b.  Absorptive mat or fabric, sand, or other covering kept continuously wet.



c.  Continuous steam not exceeding [66 degrees C][150 degrees F], or vapor mist bath.



d.  Curing compound:  Use only on the finish coat, when approved.  Do not use on surfaces where the appearance would be objectionable, on surfaces to be painted, or where other materials are to be bonded. Double the normal application rate on natural gun and flash coat finishes.  When a layer of shotcrete is to be covered by a succeeding layer of shotcrete, or other cementitious finishing materials are to be bonded, remove the curing compound completely by sandblasting prior to application of additional materials.


3.9.2  Final Curing:  Provide immediately after initial curing for the first [7] [_____] days after shotcreting or until specified trength is obtained.  Use one of the following methods:



a.  Continue initial curing methods.



b.  Impervious sheeting curing:  Wet exposed surface thoroughly with a spray of water and cover with impervious sheet material.


3.10  FIELD QUALITY CONTROL:


3.10.1  Sampling:  When taking samples from test panels or work in place, allow shotcrete to cure a minimum of 48 hours prior to cutting samples.


3.10.1.1  Strength [and Durability] Sampling:  [Make one test panel with minimum dimensions of [1.20 m by 1.20 m][4 by 4 feet] by depth of shotcrete to be placed, or a minimum depth of [75 mm][3 inches], whichever is greater.  Gun the test panel in the same position and manner as the job site requirements for every [[35] [_____] cubic meters][[50] [_____] cubic yards] of shotcrete placed [, but at least one panel per shift].  Gun panels during the course of work by the Contractor's regular nozzleman.  One-half of the panel shall contain the same reinforcement as the structure, and the other half of the panel shall be unreinforced.  Field cure panels in the same manner as the work. From the unreinforced half of each test panel, take a minimum of three samples for each strength requirement specified [and one sample to determine durability factor].  From the reinforced half of each test panel, take one sample which includes reinforcing.  Samples shall be graded for visual defects to determine conformance to the specifications.] [From the work in place, cut and test three samples [for compressive strength] [, two cores for compressive strength, and one core to determine durability factor,] not less than once for every [[35] [_____] cubic meters][[50] [_____] cubic yards] of shotcrete placed [, but at least three samples per shift].  When samples are taken, embedded steel reinforcement shall be avoided.  Samples shall be graded for visual defects to determine conformance to the specifications.  ACI 301 for filling core holes with nonshrink patching mortar.]


3.10.1.2  Wet Mix Sampling:  ASTM C 172.  Collect samples of fresh concrete to perform air content and slump tests specified.  ASTM C 31 for making test specimens.


3.10.2  Testing:


3.10.2.1  Compressive Strength:  ASTM C 42 for cutting cores and testing compressive strength at [28] [_____] days.  Minimum core diameter and length shall be [75 mm][3 inches].  Average compressive strength of cores taken from [the test panel] [work in place] representing [a shift] [or] [[35] [_____] cubic meters][[50] [_____] cubic yards] of shotcrete shall equal or exceed 0.85 f'c, with no individual core less than 0.75 f'c.


3.10.2.2  [Durability:  ASTM C 666, procedure A, for 300 cycles.  Measure weight loss and expansion of test specimen and compute the durability factor.]


3.10.2.3  Air Content and Slump Test:  ASTM C 231 for air content and ASTM C 143 for slump.  [ASTM C 995 for flow of synthetic fiber reinforced shotcrete.]  Test for every [35 cubic meters][50 cubic yards] of wet mixed shotcrete placed.]


3.10.3  Visual Inspection:  Samples shall be marked to indicate location where samples were taken and date of shotcrete placement.  At completion of the job, a bound copy of the results of visual inspections, including corrective actions, shall be furnished to the Contracting Officer.  Samples shall be visually inspected and graded [by the Contracting Officer] using the following grading system.  Grade 1 and Grade 2 represent acceptable shotcrete; Grades 3, 4, and 5 shall be rejected as unacceptable shotcrete.



a.  Grade 1:  Sample shall have a good paste content throughout, without laminations, sandy areas, or large hollows.  Air bubbles shall have a maximum dimension of [1 mm][0.050 inch]. Air bubbles shall be dispersed at random without interconnection.  There shall be no sand pockets, hollows, or shadows behind crossed reinforcing bar sections.  Surface of sample shot against the form shall be sound with a good paste face, without a sandy texture, voids, or hollows where sandy overspray has pulled away or stuck to the form.



b.  Grade 2:  Sample shall have good paste content of dense material meeting the same standards as Grade 1 except there may be one or two small tight (that is, the sand shall be bonded sufficiently by cement paste that it cannot be easily raked out) laminations or sandy areas having a maximum dimension perpendicular to the faces of the sample of [3 mm][1/8 inch], and parallel to the faces of the sample, a maximum dimension of [25 mm][one inch] in width.  Height, width, or depth of a void shall not exceed [10 mm][3/8 inch].  Tight shadowing or slightly porous areas, lean in paste, behind reinforcing steel shall not exceed [13 mm][1/2 inch] in any dimension except along the length of the reinforcing bar.



c.  Grade 3:  Sample shall meet the standards of Grade 2, but in addition may have no more than two voids or laminations containing loose sand not exceeding [5 mm]

[3/16 inch] perpendicular to faces of the sample and [30 mm][1 1/4 inches] wide; or one major void, sand pocket, shadow, or lamination containing some loosely bonded sand, not to exceed [16 mm][5/8 inch] perpendicular to the faces of the sample nor [30 mm][1 1/4 inches] in width.  Flaws may occur anywhere in the core, but will usually be found below the reinforcing steel and may be completely through the sample behind the reinforcing bar.  End of the sample which was shot against the form may be sandy with voids containing overspray to a depth of [2 mm][1/16 inch].



d.  Grade 4:  The sample shall meet the standards of Grade 3, but may have two major flaws such as described for Grade 3 or may have one flaw with a maximum dimension of [25 mm][one inch] perpendicular to the faces of the sample with a maximum width of [40 mm][1 1/2 inches].  The end of the sample which was shot against the form may be sandy and with voids containing overspray to a depth of [3 mm][1/8 inch].



e.  Grade 5:  A sample which has greater imperfections than Grades 1 through 4, shall be classified as Grade 5.


3.10.4  Acceptance:  Shotcrete shall meet the specified strength [and durability] requirements, and shall be graded as Grade 1 or Grade 2 shotcrete as specified under paragraph entitled "Visual Inspection."


3.10.4.1  Negative Results From Test Panel:  When shotcrete does not meet specified requirements and was taken from a test panel, additional samples shall be taken from the area of work in place represented by the test panel and tested for conformance to the specifications as directed by the Contracting Officer.  Shotcrete not meeting the specified requirements shall be removed and new shotcrete shall be provided.


3.10.4.2  Negative Results From Work In Place:  When shotcrete does not meet specified requirements and was taken from work in place, additional samples shall be taken from the area of work in place and tested for conformance to the specifications as directed by the Contracting Officer.  Shotcrete not meeting the specified requirements shall be removed and new shotcrete shall be provided.


3.10.4.3  Repair of Sample Areas:  ACI 301.  After sampling shotcrete work in place and determining that shotcrete meets the specified requirements, repair areas where samples were removed with nonshrink patching mortar.

*** END OF SECTION ***

42-98-****

03371-3

