CONSTRUCTION SPECIFICATION

261.  SHOTCRETE
 1.
SCOPE
This work shall consist of furnishing and placing shotcrete for lining ditches and channels, slope paving, constructing warped sections, and other similar features.  The details and dimensions are as shown on the drawings.

 2.
MATERIALS
Cement shall be Type II portland cement unless otherwise specified and shall be free of lumps and partially set masses.

Water used in mixing or curing concrete shall be fresh, clean, potable, and free from injurious amounts of oil, salt, acid, alkali, organic matter, or other deleterious substances.

Aggregate shall be clean, hard, strong and durable, natural or crushed stone, free from dirt and other substances deleterious to concrete.  The fine and coarse aggregate shall be a well-graded mix approved by the Engineer, unless otherwise specified.

Admixtures if specified shall meet the requirements indicated.  Non-chloride chemical admixtures shall conform to ASTM C 494.  Air-entraining admixtures shall conform to ASTM C 260.  Chemical admixtures and air-entrainment may only be used in wet mix shotcrete.

Steel Reinforcing shall be deformed bars conforming to the requirements of the current ASTM A 615.  All reinforcements shall be free from rust, oil, grease, paint, or other deleterious matter.  Welded wire reinforcing, when used, shall conform to the requirements of the current ASTM A 185.

Curing Compound shall conform to the requirements of ASTM C 309 for the type specified.

 3.
PROPORTIONING
Method 1  Dry-Mix Process - A proportional combination of portland cement and aggregate pneumatically transported in a dry state through a pipe or hose to a nozzle where water is added immediately prior to discharge.

The dry mixture shall consist of one part portland cement to not more than 4 parts of fine aggregate thoroughly mixed in a dry state before being charged into the machine.  Measurement shall be by weight, except that water may be measured by volume.  The fine aggregate shall contain not more than 6 percent moisture by weight.

Method 2  Wet-Mix Process - A proportional combination of portland cement, aggregate and water mixed by mechanical methods, pumped in a plastic state through a pipe or hose to the nozzle where, by the addition of air, the mixture is forcibly propelled to the work.

The premixed mortar shall contain not less than 610 pounds of portland cement per cubic yard.  A maximum of 30 percent pea gravel may be substituted for fine aggregate.  The maximum size of pea gravel shall be such that 100 percent passes the 1/2-inch screen and at least 90 percent passes the 3/8-inch screen.  Air entrainment may be used with wet mix process; however, the air content shall not be more than 6 percent.

 4.
SUBGRADE PREPARATION
The subgrade for areas to receive shotcrete shall be evenly graded before the shotcrete is applied and no point on the graded slope shall be above the slope plane shown on the drawings.

The areas shall be thoroughly compacted, with sufficient moisture to provide a firm subgrade and to prevent absorption of water from the shotcrete, but shall not contain free surface water.

When shown on the drawings, joints, side forms, and shooting strips shall be provided for backing or paneling.  Ground or gauging wires shall be used where necessary to establish thickness, surface planes, and finish lines.

 5.
REINFORCING STEEL AND EMBEDDED ITEMS
Reinforcing steel and embedded items shall be placed accurately as shown on the drawings.

 6.
PLACING
The placing of shotcrete shall be limited to 8-feet lifts measured along the slopes and gauging wires shall be placed at approximately 7-feet centers.

The nozzle shall be directed normal to the surface and in such a manner as to result in minimum rebound of the shotcrete.

The velocity of the material as it leaves the nozzle shall be maintained uniform and at a rate determined for the given job conditions.

A constant pressure of not less than 45 psi shall be maintained in the placing machine where the hose length is 100 feet or less and the pressure shall be increased at least 5 psi for each additional 50 feet of hose or fraction thereof and 5 psi for each 25 feet the nozzle is above the shotcrete delivery equipment.

Dry Mix Process
Water used for hydration at the nozzle shall be maintained at a uniform pressure, which shall not be less than 15 pounds per square inch greater than the air pressure at the machine.

Materials that have been mixed for more than 45 minutes and have not been incorporated in the work shall not be used, unless otherwise permitted by the Engineer.

Wet Mix Process
Chemical admixtures and air-entrainment may only be used in wet mix shotcrete.  The cement, sand, admixtures (except accelerator), and water shall be thoroughly mixed in the mixer drum sufficiently to produce shotcrete of the required consistency that is uniform within each batch and uniform from batch to batch when discharged into the placing equipment.  Ready-mix concrete shall conform to the requirements of ASTM C 94.

The entire contents of the mixer shall be discharged form the drum before materials for a succeeding batch are placed therein.  A mix that becomes difficult to pump shall be discarded.  A batch shall be gunned within 1-1/2 hours of batching in normal weather and within 45 minutes during hot weather conditions (temperatures over 85o F).

For both Dry and Wet Mix Process, shotcrete shall be applied in a single thickness or to layer thickness no greater that which will cause sagging, sloughing or dropout.  Sags and sloughs shall be cut out and re-gunned.  Replacement shall be accomplished before previously placed shotcrete has completely set.  When shotcrete is placed on a vertical surface, application shall be started at the bottom and be completed at the top.

 7.
REBOUND
Material the rebounds and accumulates on forms, subgrade surfaces or reinforcing steel ahead of the shotcrete being placed shall be removed.  Rebound materials shall not be reused.  

 8.
FINISHING
After the shotcrete has been placed as nearly as practicable to the required depth, the surface shall be checked with a straightedge or template and any low spots or depressions shall be brought up to proper grade by placing additional shotcrete in such a manner that the finished surface will be reasonably smooth and uniform for the type of work involved.

The finished surface of the shotcrete shall be left as a natural gun finish unless screeding and or further finishing are specified in Section 14.

 9.
PROTECTION AND CURING
Shotcrete shall be prevented from drying for a curing period of at least seven (7) days after it is placed.  Exposed surfaces shall be kept continuously moist for the entire period or until curing compound is applied as specified below.  Moisture shall be maintained by sprinkling, flooding, or fog spraying, or by covering with continuously moistened canvas, cloth mats, straw, sand, or other approved material.

In lieu of water curing, the shotcrete shall be cured by spraying with an approved curing compound at a uniform rate of not less than one gallon per 150 square feet of surface.  The curing compounds shall be applied in an approved manner as soon as practicable after the shotcrete is finished.  All surfaces shall be kept moist until the compound is applied.  

10.
REPLACEMENT OR REPAIR
When shotcrete lack uniformity, exhibits segregation, honeycombing, laminations, or contains dry patches, slugs, voids or sand pockets the Contractor shall remove and replace the defective shotcrete at his expense.  The Engineer will determine the extent of removal and replacement.

Repair work shall be performed only when the Engineer is present.

11.
PLACING IN COLD WEATHER
When the atmospheric temperature may be expected to drop below 40o F at the time shotcrete is placed, or at any time during the curing period, the following provisions also shall apply:  

a.
Shotcrete placement shall be allowed if the air temperature is at least 40o F and rising.  Placement shall be discontinued if the temperature falls to 40o F and continues falling.

b.
The temperature of the shotcrete at time of placing shall not be less than 50o F nor more than 90o F.  The temperature of neither aggregates nor mixing water shall be more than 100o F just prior to mixing with the cement.

c.
When the daily minimum temperature is less than 40o F, shotcrete shall be insulated or housed and heated after placement.  The temperature of the shotcrete and air adjacent to the shotcrete shall be maintained at not less than 50o F nor more than 90o F for the duration of the curing period.

d.
Methods of insulating, housing and heating the structure shall conform to “Standard Specification for Cold Weather Concreting, " ACI Standard 306.1.

e.
The use of accelerators or antifreeze compounds will not be allowed.

f.
When dry heat is used to protect shotcrete, means of maintaining an ambient humidity of at least 40 percent shall be provided unless the shotcrete has been coated with curing compound as specified in Section 9 or is covered tightly with an approved impervious material.

12.
PLACING IN HOT WEATHER
When climatic factors such as high air temperature, reduced relative humidity and increased wind velocity are present or conditions are such that the temperature of placed shotcrete are exceeds 90o F at, or during the first 24 hours after placement, the following provisions also shall apply:

a.
The Contractor shall maintain the temperature of the shotcrete below 90o F during mixing, conveying, and placing using methods given in items b, c, and d below.  

b.
Exposed shotcrete surfaces, which tend to dry or set too rapidly shall be continuously moistened by means of fog sprays or otherwise protected from drying immediately after placement.

c.
Shotcrete surfaces exposed to the air shall be covered as soon as the shotcrete has hardened sufficiently and shall be kept continuously wet for at least the first 24 hours of the curing period, and for the entire curing period unless curing compound is applied as specified in subsection d, below.

d.
If moist curing is discontinued before the end of the curing period, white pigmented curing compound shall be applied immediately, following the procedures specified in Section 9.

13.
MEASUREMENT AND PAYMENT
Method 1  For items of work for which specific unit prices are established in the contract, measurement of shotcrete will be by field measurements along the slope of actual areas approved for placement and the thickness shown on the drawings computed to the nearest 0.1 cubic yard.  No additional compensation will be allowed for additional shotcrete placed by reason of low subgrade.  Payment will be made at the contract unit price per cubic yard of shotcrete and shall include payment for steel reinforcement, joint filler material, and drains including pervious backfill material, if required.  Payment will constitute full compensation for all labor, materials, equipment, tools, and all other items necessary and incidental to the completion of the work.

Method 2  For items of work, for which specific unit prices are established in the contract, measurement of shotcrete will be by field measurement along the slope of the actual area approved for placement and computed to the nearest square yard.  Payment will be at the contract unit price per square yard of shotcrete and will include payment for steel reinforcement, joint filler material, and drains including pervious backfill material, if required.  Payment will constitute full compensation for all labor, materials, equipment, tools, and all other items necessary and incidental to the completion of the work.

Method 3  For items of work, for which specific lump sum prices are established in the contract, no measurement of the shotcrete will be made.

Payment will be made at the contract lump sum price for shotcrete structures in place as shown on the drawings and will include payment for reinforcing steel, joint filler material, and drains including pervious backfill material, if required.  Payment will constitute full compensation for all labor, materials, equipment, and all other items necessary and incidental to the completion of the work.

All Methods  Compensation for any item of work described in the contract but not listed in the bid schedule will be included in the payment for the item of work to which it is made subsidiary.  Such items and the items to which they are made subsidiary are identified in Section 14.
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