CONSTRUCTION SPECIFICATION

32. CONCRETE

1.  SCOPE

The work shall consist of furnishing, forming, placing, finishing, and curing Portland cement concrete as required to build the structures shown on the drawings.

2.  MATERIALS

a. Portland cement shall conform to ASTM Specification C-150, Type I, IA, II, or IIA, except that Portland blast furnace slag cement conforming to ASTM Specification C-595 may be used in lieu of Type I Portland cement.

b. Coarse aggregate shall be composed of clean hard durable particles free from clay or dirt particles or organic matter.  Gradation shall conform to ASTM Specification C-33, Table 2, Size No.s 467, 67, of 57.

c. Fine aggregate shall be composed of clean hard durable particles free from clay or dirt particles organic matter.  It shall be well graded with 100 percent passing a three-eight inch sieve. 

d. Water shall be clean and free from injurious amounts of oil, salt, acid, alkali, organic matter including sewage, or other deleterious substances.

e. Preformed expansion joint filler shall conform to the requirements of ASTM Specification D-1752, Type I, II or III unless bituminous type is specified.  Bituminous type reformed joint filler shall conform to the requirements of ASTM Specification D-994.

f. Waterstops, if required, shall conform to the material, class and Type shown on the drawing or designated in the specifications.

g. Air-entraining admixtures shall conform to ASTM Specification C-260.  If air-entraining cement is used, any additional admixture shall be of the same type as that used in the cement.

h. Water-reducing, set-retarding admixtures shall conform to ASTM Specification C-494, Type D.

i. Curing compound shall conform to ASTM Specification C-309. Type 2, white pigmented.


3. CLASSES OF CONCRETE

The classes of concrete shall be as specified on the drawings and shall be defined according to the required 28-day compressive strength.

		Class of				Minimum 28-day
		Concrete		      	      Compressive Strength
								(psi)
	
5000 5000
5001 4000
5002 3000
5003 2500

When specified, concrete may be classified as follows:

	Class of		Maximum Net		Minimum Cement
	Concrete		Water Content		        Content
				(gallons/bag)*		(bags/cubic yard)*

	5000X				5				7
	4000X				6				6
	3000X				7				5
	2500X				8				41/2

*1 bag of cement  = 94 pounds

4. AIR CONTENT SLUMP AND CONSISTENCY

The air content of the mixed concrete shall be between 5 and 8 percent of the volume of the concrete.  Unless otherwise specified, the slump of the concrete shall be 2 to 4 inches.  The consistency of the mix shall be such as to allow it to be worked into place and consolidated without segregation or excessive laitance.

5.  DESIGN OF THE CONCRETE MIX

The contractor shall be responsible for the design of the concrete mixtures.  At least 5 days prior to any placement of the concrete he shall furnish the engineer a statement of the materials and mix proportion (including admixtures, if any) he intends to use for each specified class of concrete.  The statement shall include evidence satisfactory to the engineer that the materials and proportions selected will produce concrete of the quality, consistency, and strength specified.

The use of calcium chloride or other accelerators or antifreeze compounds will not be allowed.

6.  FORMS

Forms shall be of wood, plywood, steel 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 oil before being set into place.  

Metal ties or anchorages within the forms shall be equipped with cones, she-bolts or other devices that permit their removal to a depth of at least 1 inch without injury to the concrete.  Ties designed to break off below the surface of the concrete may be used without cones.

7.  PREPARATION OF FORMS AND SUBGRADE

Prior to placement of concrete the forms and subgrade shall be free of chips, sawdust, debris, water, ice, snow, extraneous oil, mortar, or other harmful substances or coatings.  Any oil on the reinforcing steel or other surfaces required to be bonded to the concrete shall be removed.  Rock surfaces shall be cleaned by wire brush scrubbing and shall be wetted immediately prior to placement of concrete.  Earth surfaces shall be firm and damp.  Placement of concrete on mud, dried earth or uncompacted fill or frozen subgrade will not be permitted.

Unless otherwise specified, when concrete is to be placed over drain fill, the contact surface of the drain fill shall be covered with a layer of asphalt-impregnated building paper or polyvinyl sheeting prior to placement of the concrete.  Forms for weepholes shall extend through this layer into the drain fill.

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

Weepholes in walls or slabs shall be formed with nonferrous material.

8.  CONVEYING

Concrete shall be delivered to the site and discharged into the forms within 1-1/2 hours after the introduction of the cement to the aggregates.  In hot weather or under conditions contributing to quick stiffening of the concrete, or when the temperature of the concrete is 85oF or above, the time between the introduction of the cement to the aggregates and discharge shall not exceed 45 minutes.

The engineer may allow a longer time, provided the setting time of the concrete is increased a corresponding amount by the addition of an approved set-retarding admixture.  In any case, concrete shall be conveyed from the mixer to the forms as rapidly as practicable, by methods that will prevent segregation of the aggregates or loss of mortar.

9.  PLACING

Concrete shall not be placed until the subgrade, forms and steel reinforcement have been inspected and approved by the engineer.  Reasonable notice shall be given to the engineer prior to the time of concrete placement.  Such notice shall be far enough in advance to give the engineer adequate time to inspect the subgrade, forms, steel reinforcement and other preparations for compliance with the specifications before concrete is delivered for placing.

The concrete shall be deposited as closely as possible to its final position in the forms and shall be worked into the corners and angles of the forms and around all reinforcement and embedded items in a manner to prevent segregation of aggregates or excessive laitance.

Unless otherwise specified, slab concrete shall be placed to design thickness in one continuous layer.  Formed concrete shall be placed in horizontal layers not more than 20 inches thick.  Hopper chutes, pipes or “elephant trunks” shall be used when vertical drop is in excess of five feet to prevent splashing of mortar on the forms and reinforcing steel above the layer being placed.

Immediately after the concrete is placed in the forms, it shall be consolidated by spading, hand tamping or vibration as necessary to insure smooth surfaces and dens concrete.  Each layer shall be consolidated to insure monolithic bond with the preceding layer.  If the surface of a layer of concrete in place sets to the degree that it will not flow and merge with the succeeding layer when spaded or vibrated, the placement of concrete will be discontinued and a construction joint will be made.

If placing is discontinued when an incomplete horizontal layer is in place, the unfinished end of the layer shall be formed by a vertical bulkhead.

10.  CONSTRUCTION JOINTS

Construction joints shall be made at the locations shown on the drawings.  If construction joints are needed which are not shown on the drawings, they shall be placed in locations and in a manner approved by the engineer.

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 6 inches.

In walls and columns, as each lift is completed, the top surface shall be immediately and carefully protected from any condition that might adversely affect the hardening of the concrete.

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

Surfaces of construction joints shall be cleaned of all unsatisfactory concrete, laitance, coatings or debris by washing and scrubbing with a wire brush or wire broom or by other means approved by the engineer.  The surfaces shall be kept moist for at least 1 hour prior to placement of the new concrete.

11.  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.  Joint filler shall be left exposed for its full length with clean true edges.

Preformed expansion joint filler shall be held firmly in the correct position as the concrete is placed.

When open joints are specified, they shall be constructed by the insertion and subsequent removal of a wooden strip, metal plate or other suitable template in such a manner that the corners of the concrete will not be chipped or broken.  The edges of open joints shall be finished with an edging tool prior to removal of the joint strips.

12.  WATERSTOPS

Waterstops shall be held firmly in the correct position as the concrete is placed.  Joints in metal waterstops shall be soldered, brazed or welded.  Joints in rubber or plastic waterstops shall be cemented, welded or vulcanized as recommended by the manufacturer.

13.  REMOVAL OF FORMS

Forms shall not be removed before the expiration of the following minimum time intervals after placement of concrete, exclusive of days when the minimum temperature of the air adjacent to the concrete is below 50 degrees F.

			Item						   Time

Beam bottom forms, temporary supports				14 days
Roof or deck slabs							14 days
Columns								  7 days
Bearing walls							  	7 days
Nonbearing walls							24 hours
Sides of beams							24 hours

Forms shall be removed in such a way as to prevent damage to the concrete.  Supports shall be removed in a manner that will permit the concrete to take the stresses due to its own weight uniformly and gradually.

14.  FINISHING FORMED SURFACES

Immediately after the removal of the forms:

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

b. On all 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 consisting of one part portland cement, three parts sand that will pass a No. 16 sieve, and water just sufficient to produce a consistency such that the filling is at the point of becoming rubbery when the material is solidly packed.


15. FINISHED UNFORMED SURFACES

All exposed surfaces of the concrete shall be accurately screeded to grade and then wood float finished.

Excessive floating or troweling of surface while the concrete is soft will not be permitted.

The addition of dry cement or water to the surface of the screeded concrete to expedite finishing will not be allowed.

[bookmark: _GoBack]Joints and edges on unformed surfaces that will be exposed to view shall be chamfered or finished with molding tools.

16.   CURING

Concrete shall be prevented from drying for a curing period of at least 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.  Wood forms (except plywood) left in place during the curing period shall be kept wet.  Formed surfaces shall be thoroughly wetted immediately after forms are removed and shall be kept wet until patching and repairs are completed.  Water or covering shall be applied in such a way that the concrete surface is not eroded or otherwise damaged.

Concrete, except at construction joints, may be coated with an approved curing compound in lieu of continued application of moisture.  The compound shall be sprayed on the moist concrete surfaces as soon as free water has disappeared, but shall not be applied to any surface until patching, repairs and finishing of that surface are completed.  The compound shall be applied at a uniform rate of not less than one gallon per 150 square feet of surface and shall form a continuous adherent membrane over the entire surface.  Curing compound shall not be applied to surfaces requiring bond to subsequently placed concrete, such as construction joints, shear plates, reinforcing steel and other embedded items.  If the membrane is damaged during the curing period, the damaged area shall be resprayed at the rate of application specified above.

17.  REMOVAL OR REPAIR

Concrete that is honeycombed, damaged or otherwise defective shall be removed and the structure or structural member replaced, or where feasible, the defective parts repaired.  NRCS engineer will determine the required extent of removal, replacement or repair.  The plan for effecting the repair must be approved by the technician prior to beginning of repair work.

18.  CONCRETING IN COLD WEATHER

Concrete shall not be mixed nor placed when the daily minimum atmospheric temperature is less than 50 degrees F unless facilities are provided to prevent the concrete from freezing.  The use accelerators or antifreeze compounds will not be allowed.  The temperature of the concrete at the time of placing shall not be less than 50 degrees F and shall be maintained at temperatures not less than 50 degrees F for the duration of the curing period.

19.  CONCRETING IN HOT WEATHER

The supplier shall apply effective means to maintain the temperature of the concrete below 90 degrees F during mixing and conveying.	
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