CONSTRUCTION SPECIFICATIONS

AR-31 CONCRETE 
Class 3500 - 4000
1.
Scope

The work shall consist of furnishing, forming, placing, finishing, and curing Portland cement concrete. The concrete would be for structures that require a high quality of concrete with 28 day strength of 3,500 or 4,000 psi as specified in the plans or drawings.
2.
Materials

Portland cement shall conform to the requirements of ASTM C150, Type I, and shall be low alkali unless otherwise specified.

Cement that is partially hydrated or otherwise damaged shall not be used.

Fly ash shall conform to the requirements of ASTM C618, Class C or F except the loss on ignition shall not exceed 3 percent.  

Blast-furnace slag used as a partial substitute for Portland cement shall conform to ASTM C989 for ground granulated blast-furnace slag.

Aggregates shall conform to the requirements of ASTM C33 for the specified sizes.  

Aggregates shall be handled in a manner to prevent contamination and segregation.

Water shall be clean, free of harmful chemicals, and suitable for drinking. 

Water-reducing and/or Retarding admixtures shall conform to the requirements of ASTM C494.

Air-entraining admixtures shall conform to the requirements of ASTM C260.
Plasticizing admixtures shall conform to ASTM C1017.

Preformed expansion joint filler (when specified) shall conform to ASTM D1752 or shall be as shown on the drawings.

Curing compound sprayed on concrete surfaces to retard water loss during curing, shall be white pigmented or have fugitive dye and meet ASTM C309, Type 2.

3.
Concrete Mix Design

The contractor is responsible for design and proportioning concrete mixes.  Job mixes shall be prepared to meet quality, consistency, and strength of concrete specified.  Prior to placement of concrete, a statement of materials and mix proportions (including admixtures) to be used shall be furnished to the inspector.

Calcium chloride, Sodium chloride (salt) or other corrosive accelerators shall not be used.

Fly ash may be used as a partial substitution for Portland cement in an amount not greater than 25 percent (by weight) of cement in the concrete mix.

Ground granulated blast-furnace slag may be used as a partial substitution for Portland cement in amounts between 25 and 70 percent (by weight) of cement in the concrete mix.

Approval of the concrete mix will be based on the following criteria:

Concrete shall have a minimum compressive strength of 3,500 or 4,000 pounds per square inch at 28 days as specified.

The mix must contain at least six bags of cement per cubic yard of concrete.

Concrete shall have a maximum water-cement ratio of 0.50, unless otherwise specified.
Concrete air-entrainment must be between five and seven percent by volume.

Consistency of concrete must allow it to be worked into place without segregation.  Unless otherwise specified, slump must be between two and four inches.

4.
Inspection and Testing

The following tests will be performed by the methods indicated.

Type of Test                                                    ASTM Test

Sampling                                                           C172

Slump Test                                                        C143

Air Content                                                       C231 or C173

Compressive Test Specimens                           C31 or C42

Compressive Strength Testing                          C39 or C42

For each ASTM C31 strength test, 3 test specimens shall be made.  The test result shall be the average of the strengths of the three specimens, except if one specimen in the test shows evidence of improper sampling, molding, or testing, it shall be discarded and the strengths of the remaining two specimens averaged.  If more than one specimen shows such defects, the entire test shall be discarded.

The inspector shall have free access to the plant and equipment furnishing concrete.  Proper facilities shall be provided for inspection of materials, equipment, and processes and to obtain samples of ingredients and concrete.  All tests and inspections will be conducted in a way that does not unnecessarily interfere with concrete manufacture and delivery.

5.
Handling and Measuring Materials

Materials shall be stored and handled in a manner that will prevent degradation, segregation, contamination, or intermixing of materials before proportioning.

Scales for weighing aggregates and cement shall be a springless type, clean and operating within one percent accuracy.

All materials entering the concrete shall be measured accurately by weight except liquids may be measured by volume.

6.
Mixers and Mixing

Mixers must be capable of thoroughly mixing concrete ingredients into a uniform mass within the specified mixing time and discharging the mix without segregation.  Each mixer or agitator shall bear a manufacturer's rating plate indicating the rated capacity and recommended speeds of rotation and shall be operated within these recommendations.  Truck mixers and agitators must be equipped with revolution counters.

Concrete shall be uniform and thoroughly mixed when delivered to the structure.

Mixing water in excess of the job mix amount may not be added to the concrete without written approval of the inspector.

When concrete is mixed in a drum truck mixer, the total volume of all ingredients to be mixed shall not exceed 63 percent of the gross volume of the drum.  The concrete ingredients shall be mixed between 70 and 100 revolutions of the drum or blades at the speed designated by the manufacturer as mixing speed.  Mixing in excess of 100 revolutions shall be at the speed designated by the manufacturer as agitating speed.  Unless otherwise specified, the filled drum shall not be rotated more than 300 revolutions before discharge of the concrete.

When ready-mix concrete is used, a delivery ticket must be provided showing time of loading, revolution counter reading at time of loading, and material quantities used for each load of concrete.
7.
Forms

Forms shall be wood, plywood, metal, fiberglass, or other approved material and shall be mortar tight.  The forms and associated false work shall be substantial and unyielding and shall be constructed so that the finished concrete will conform to the specified dimensions and contours.  Form surfaces shall be smooth and free from holes, dents, sags, or other irregularities.  Forms shall be coated with a nonstaining form release agent before being set into place.  Forms shall not be embedded in the concrete.  Except as shown on the drawings, all permanently exposed concrete edges shall be chamfered three-quarter inch. 

Metal ties or anchorages that will be embedded in the concrete shall be equipped with cones, she-bolts, or other devices that permit their removal to a depth of at least one inch without injury to the concrete.  Ties designed to break off below the surface of the concrete shall not be used without cones.  If approved fiberglass or plastic ties are used, the tie ends shall be cut flush with the finished concrete and ground smooth.

8.
Preparation of Forms and Subgrade

Before placement of concrete, the forms, embedments, and subgrade shall be free of chips, sawdust, debris, water, ice, snow, extraneous oil, or other harmful substances or coatings.  Any form release agent on reinforcing steel or other surfaces required to be bonded to the concrete, shall be removed.

Rock surfaces shall be cleaned by high pressure water, sandblasting, or wire brush scrubbing as necessary, and shall be wetted immediately prior to concrete placement.  Earth surfaces shall be firm and damp.  Concrete must not be placed on mud, dried earth, noncompacted fill, or frozen subgrade.  Ice, snow, and frost shall be removed, and the temperature of all surfaces, including reinforcing steel and other metal to be in contact with the new concrete shall be between 40oF and 90oF.

Items to be embedded in the concrete shall be positioned accurately and anchored firmly.

Weep holes in walls or slabs shall be formed with nonferrous material.

9.
Conveying

Concrete shall be delivered to the site and discharged completely into the forms within one and one-half hours, after introduction of cement to the mix.  In hot or very dry weather, or under conditions contributing to quick stiffening of the concrete, the time between introduction of the cement to the mix and discharge shall not exceed 45 minutes.  An appropriate time extension may be allowed when the setting time of the concrete is increased by an approved admixture.

Concrete must be conveyed from the mixer to the forms as rapidly as practicable by methods that prevent segregation of aggregates or loss of mortar.  Concrete must not be dropped more than five feet vertically, except where suitable equipment is used to prevent segregation.

10.
Placing

The inspector shall be notified of the time when concrete will be poured and given adequate time to inspect and approve reinforcing steel, forms, subgrade, vibrating equipment, and preparation for placement, finishing, and curing.  Concrete shall not be placed until the equipment, subgrade, forms, steel reinforcement, and other embedments have been inspected and approved.

For walls and columns, subsequent higher placements of concrete shall not be placed until concrete below has gained sufficient strength to support dead and superimposed loads without distress.

All equipment and materials required for concrete finishing and curing must be available at the construction site prior to concrete placement.

Concrete shall be deposited as closely as possible to its final position in the forms.  The concrete shall be worked into the corners and angles of the forms and around all reinforcement and embedded items to prevent segregation of aggregates or laitance.  Deposition of concrete shall be regulated so that the concrete can be consolidated with a minimum of lateral movement.  Concrete placed against a sloping surface shall start at the lowest elevation and work upwards to the highest elevation.
11.
Layers

Slab concrete shall be placed to design thickness in one continuous layer unless otherwise specified.  Formed concrete shall be placed in horizontal layers not more than 20 inches deep.  

Successive layers of fresh concrete between construction joints shall be placed at a rate fast enough that the preceding layer is still plastic and can be easily mixed with the fresh concrete, preventing seams (cold joints) or planes of weakness.  Where a successive layer cannot be placed in a timely manner, a standard type construction joint shall be constructed between layers, and unfinished ends of partial layers shall be formed by a vertical bulkhead.

12.
Consolidating

Each layer of concrete must be completely consolidated by mechanical vibration.  Vibration shall compact the concrete and bring it into intimate contact with the forms, reinforcing steel, and other embedded items while removing voids and pockets of trapped air.  Applied vibration shall extend into previously placed layers of fresh concrete at all points to insure effective bond between layers. 

The vibration process must not cause segregation of the mortar and aggregate or cause water or cement to flush to the surface.  Vibrators may not be used to transport concrete in the forms or conveying equipment and shall not be applied directly to the reinforcing steel, forms, or hardened concrete.

13.
Construction Joints

Construction joints shall be made at locations shown on the drawings except as approved by the inspector.  

Where a feather edge would be produced at a construction joint (as in the top surface of a sloping wall), an insert form shall be used so that the resulting edge thickness on either side of the joint is not less than six inches.

Nonvertical construction joints in structural elements, such as walls and columns, shall be consolidated and screeded to grade unless otherwise specified.  Unless otherwise specified, construction joints shall be covered and wet cured for seven days or until concrete placement is resumed.

Steel tying, form construction, and concrete placement next to in-place concrete shall not be started until the hardened concrete has cured at least 12 hours.  Before new concrete is deposited on or against hardened concrete, the forms shall be retightened.

The surface of construction joints shall be cleaned of all unsatisfactory concrete, laitance, coatings, stains, or debris by washing and scrubbing with a wire brush or wire broom, or by other means approved by the inspector.  The surfaces shall be kept moist for at least one hour before the new concrete is placed.

14.
Expansion and Contraction Joints

Expansion and contraction joints shall be made only at locations shown on the drawings.  Exposed concrete edges at expansion and contraction joints shall be carefully tooled or chamfered and the joints shall be free of mortar and concrete.

Preformed expansion joint filler shall be held firmly in the correct position as the concrete is placed and shall be left exposed for its full length with clean and true edges.

15.
Water stops

Water stops shall be held firmly in the correct position as the concrete is placed.

16.
Removal of Forms

Forms, supports, and protective coverings shall be removed as soon as practical after the concrete has been in place for the times shown in the following table.  Removal shall be done so that the concrete surface is not damaged and sudden or excessive stresses are not induced.  

Forms shall not be removed before expiration of the following minimum time intervals after concrete placement, exclusive of days when the minimum temperature of the air adjacent to the concrete is below 50oF.  The times apply only to normal types of concrete.

Forms





Minimum Time Before Form Removal 

Sides of slabs or beams




12 hours

Undersides of slabs or beams designed for significant later applied loads

<10 feet clear span




4 days

10 to 20 feet clear span




7 days

>20 feet clear span




14 days 

Undersides of slabs or beams designed only for dead weight upon form removal

<10 feet clear span




8 days

10 to 20 feet clear span




14 days

>20 feet clear span




28 days

Sides of walls or columns with no significant horizontal loads applied

<10 feet height above forms



12 hours

10 to 20 feet height above forms



24 hours

>20 feet height above forms



72 hours   

17.
Finishing Formed Surfaces

Immediately after form removal:

All fins and irregular projections shall be removed from exposed surfaces.

The holes produced by the removal of form ties, cone-bolts, and she-bolts shall be cleaned, wetted, and filled with dry-pack mortar.  

18.
Finishing Unformed Surfaces

Unformed surfaces (excluding slip-formed surfaces) exposed in the final work, shall be accurately struck off to grade and then float finished except as otherwise specified.  Excessive floating or troweling of surfaces while the concrete is soft is not permitted.  Adding dry cement or water to the surface of the screeded concrete to expedite finishing is not allowed.

Exposed concrete edges and joints shall be chamfered or finished with molding tools.

19.
Curing

Concrete shall be prevented from drying for at least seven days after placement.  Exposed surfaces shall be kept continuously moist for the entire period or until curing compound is applied.  Concrete needing repairs must be kept wet and free of curing compound until the repairs are made.

Moisture shall be maintained by sprinkling, flooding, or fog spraying, or by covering with plastic or continuously moistened canvas, cloth, straw, earth, or sand.  In place wood forms shall be kept continuously wet. 

The application of water or covering shall not erode, mar, or otherwise damage the concrete.  Black colored covering must not be used in hot weather.

Curing compound shall be thoroughly mixed before applying and shall be agitated during application.  Curing compound shall be applied at a uniform rate of not less than 1 gallon per 175 square feet of surface.  The applied compound must form a uniform, continuous, adherent film that does not check, crack, or peal.  Surfaces that are damaged during the curing period shall be recoated in the same manner as the original application.

Curing compound must not be applied to surfaces requiring bond with concrete remaining to be placed, or with construction joints, reinforcing steel, or other embedded items.

20.
Concrete Repair or Replacement

The contractor shall repair or replace concrete that does not meet requirements of this specification.

Prior to starting repair work, the inspector's approval of the repair plan shall be obtained.

When proprietary patching material is proposed in the plan, the manufacturer's data sheets and written recommendations shall be included in the plan.

21.
Cold Weather Concrete Placement 

Concrete shall not be placed when the daily minimum air temperature is less than 40oF unless facilities are provided to prevent freezing the concrete during the first 24 hours after placement.

Calcium chloride, Sodium chloride (salt), and other corrosive accelerators shall not be used.

22.
Hot Weather Concrete Placement

The temperature of concrete must be maintained below 90oF during mixing, conveying, and placing.  During hot, sunny, dry, low humidity, and/or windy conditions, exposed fresh concrete surfaces that tend to set too rapidly shall be continuously moistened using fog sprays or other means to maintain adequate moisture during the time between placement and finishing.  Water shall not be sprinkled or added directly to the surface of the concrete before finishing.

After initial set, the concrete shall be kept continuously wet until completion of the curing period or application of curing compound.  In hot weather, curing compound used shall have white pigment.
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