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	NOTE:  Editing codes in the document have the following meanings:

Optional paragraphs are denoted by the heading (Optional Paragraph) above the paragraph and may be deleted as appropriate.

Optional sentences are denoted by bold italics and may be deleted as appropriate.  When there is more than one sentence, and a decision is required for each sentence, a checkmark (() before and after each sentence indicates where decisions should be made.

Blank underlines indicate where information must be inserted by the Specifier.

Optional words or phrases are set off by checkmarks (() and should be edited as required.


SECTION 03 30 00

CAST-IN-PLACE CONCRETE
PART 1 -  GENERAL

1.01 SCOPE
A. This section covers cast‑in‑place concrete, including sewer encasements, cradles, caps, junction chambers, collars, key blocks, reinforcing steel, forms, finishing, curing, and appurtenant work.
B. See section 01 45 29 for Testing Laboratory Services and responsibilities.
	Specifier.  Include the following paragraph when dual units, i.e., both inch-pound and metric units, are specified.


(Optional Paragraph)
Both inch-pound (English) and SI (metric) units of measurement are specified herein; the values expressed in inch-pound units shall govern.

PART 2 -  PRODUCTS

2.01 LIMITING REQUIREMENTS

A. Unless otherwise specified in the Contract Documents or by a governing authority, concrete shall be controlled within the following limiting requirements:

	Cement Content
	At least 600 lbs per cubic yard.

	Maximum Water-Cement Ratio
	The maximum water-cement ratio shall be 0.42 on a weight basis, or, if fly ash is used, the combined mass of cement plus fly ash shall be used to determine the water-cementitious materials ratio.

	Fly Ash Content
	At the option of the CONTRACTOR, fly ash may be substituted for up to 25 percent of the Portland cement, on the basis of 1.0 lbs of fly ash added for each lb [kg] of cement reduction.

	Concrete Strength
	4,000 psi minimum compressive strength at 28 days.

	Air Content
	6 percent ±1 percent.

	Coarse Aggregate
	Maximum nominal coarse aggregate size, 1 inch.

	Admixtures
	A water-reducing admixture and an air-entraining admixture shall be included in all concrete.  No calcium chloride or admixture containing chloride from sources other than impurities in admixture ingredients will be acceptable.

	Consistency
	Workable, without segregation, with slump not more than 5 inches when concrete is placed.

	Mixing
	In accordance with ASTM C94.


	Specifier.  Coordinate water-cement ratio with the specifier for cement in the Materials paragraph. Coordinate strength with the specifier for cement and with w/c ratio.


2.02 MATERIALS
	Specifier.  Select one of the following three alternative listings for cement.  Use the first listing (Type I or II cement) for all projects, except when the following conditions exist. 

Use the second cement listing (Type II cement) when the geotechnical report recommends the use of moderate sulfate-resistant cement or when a project includes covered wastewater treatment structures, and use the water-cementitious materials ratio of 0.42.

Use the third cement listing (Type V cement) when the geotechnical report recommends the use of high sulfate-resistant cement, and reduce the water-cementitious materials ratio to 0.40. 

If the concrete structure will be exposed to seawater or high concentrations of chlorides in groundwater, use the second cement listing (Type II cement), and reduce the water-cementitious materials ratio to 0.40.

When the geotechnical report does not have a recommendation on the type of cement to use but does indicate the amount of sulfates in the soils and in the groundwater, use the following table to determine which cement listing and water-cementitious materials ratio should be used.

Types of Cement and Water-Cementitious Materials Ratio Required for Concrete Exposed to Sulfate Attack:

	Sulfate
Exposure
	Water-Soluble Sulfate (SO4)
in Soil
percent by mass
	Sulfates (SO4) 
in Water
ppm [mg/L]
	Cement
Type
	Water-Cementitious
Materials Ratio  and Strength

	 Negligible
	0.00-0.10
	0-150
[0-150]
	I or II
	0.45

	Moderate*
	0.10-0.20
	150-1,500
[150-1500]
	II
	0.42
4500psi

	Severe
	0.20-2.00
	1,500-10,000
[1500-10 000]
	V
	0.40
5000psi

	Very
Severe
	Over 2.00
	Over 10,000
[Over 10 000]
	V plus
Class F
Fly Ash
	0.38
5000psi

	*Seawater
Source:  ACI 318-02, Table 4.3.1, and ACI 350-01, Table 4.3.1.


	Cement
	ASTM C150, Type I or II , low alkali .

	Cement
	ASTM C150, Type II or l/ll ( , low alkali ( .

	Cement
	ASTM C150, Type V only ( , low alkali ( .

	Fly Ash
	ASTM C618, Class F, except loss on ignition shall not exceed 4 percent.

	Fine Aggregate
	Clean natural sand, ASTM C33.

	Coarse Aggregate
	Non-reactive crushed rock, washed gravel, or other inert granular material conforming to ASTM C33, class 4S, except that clay and shale particles shall not exceed 1 percent.

	Water
	Potable.

	Admixtures
	

	Water-Reducing
	ASTM C494, Type A or D.

	Air-Entraining
	ASTM C260.

	Superplasticizing
	ASTM C494, Type F or G.

	Reinforcing Steel
	

	Bars
	ASTM A615, Grade 60, deformed.

	Welded Wire Fabric
	ASTM A185 or A497.

	Bar Supports
	CRSI Class 1, plastic protected; or Class 2, stainless steel protected.

	Mechanical Connector (Couplers or Form Savers)
	Classified Type 2 per ACI 318-02 or per UBC-97. Use only where indicated on the drawings.

	Form Coating
	Nonstaining and nontoxic after 30 days, VOC-compliant; Burke "Form Release (WB)", L&M Chemical "E Z Strip", Nox-Crete "Form Coating", or Symons "Thrift Kote E".

	Pre-Cure Finishing Aid
	Burke "Finishing Aid Concentrate", Euclid "Eucbar", L&M Chemical "E‑Con", Master Builders "Confilm", or Sika "Sikafilm".


	Specifier.  Two alternative types of curing and sealing materials follow.  Products in the first listing exhibit excellent water retention characteristics and should be specified for all projects where Federal EPA VOC emissions are regulated.  When more stringent VOC-compliant products are required, the alternative water base materials should be specified. 


	(Optional Paragraph)
Membrane Curing Compound and Floor Sealer
	

	VOC – EPA
	ASTM C1315, Type I, Class A, maximum VOC 5.8 lb/gal [700 g/L], minimum 25 percent solids, acrylic, nonyellowing, unit moisture loss 0.40 kg/m2 maximum in 72 hours.

	VOC – Compliant
	ASTM C1315, Type I, Class A, water based, VOC-compliant acrylic, maximum VOC 2.9 lb/gal [350 g.L], minimum 30 percent solids, nonyellowing, unit moisture loss 0.40 kg/m2 maximum in 72 hours.

	Polyethylene Film
	Product Standard PS17 or ASTM D 4397, 6 mils [150 µm] or thicker.


2.03 PRELIMINARY REVIEW
A. Reports covering the source and quality of concrete materials and the concrete proportions proposed for the work shall be submitted to the CITY for review before any concrete is placed.

2.04 FORMS
A. Forms shall be designed to produce hardened concrete having the shape, lines, and dimensions indicated on the drawings.  Forms shall be substantial and sufficiently tight to prevent leakage of mortar and shall be maintained in proper position and accurate alignment.  Forms shall be thoroughly cleaned and oiled before concrete is placed and shall not be removed until the concrete has attained sufficient strength to safely support all loads without damage.

2.05 REINFORCEMENT
A. Reinforcement shall be accurately formed and positioned, and shall be maintained in proper position while the concrete is being placed and compacted.  Reinforcement shall be free from dirt, loose rust, scale, and contaminants.  Mechanical connections shall be used only as indicated on the drawings.

PART 3 -  EXECUTION

3.01 PLACEMENT
A. Concrete shall be conveyed to the point of final deposit and placed by methods which will prevent segregation or loss of the ingredients.  During and immediately after placement, concrete shall be thoroughly compacted and worked around all reinforcement and embedments and into the corners of the forms.  Unless otherwise authorized, compaction shall be by immersion‑type vibrators.  The use of "jitterbug" tampers to compact concrete flatwork will not be permitted.

3.02 FINISHING
A. Fins and other surface projections shall be removed from all formed surfaces, except exterior surfaces that will be in contact with earth backfill.  Surface voids and recesses resulting from removal of form ties shall be filled with mortar. 
B. Unless otherwise specified, unformed surfaces shall be given a float finish.

C. Application of Pre-Cure Finishing Aid

1. Concrete flatwork subject to rapid evaporation due to hot weather, drying winds, and sunlight ( shall  (may  ( be protected with a pre-cure finishing aid.  The finishing aid shall form a monomolecular film on the surface of fresh, plastic concrete to retard evaporation.

2. Immediately following screeding, pre-cure finishing aid shall be sprayed over the entire surface of fresh, plastic concrete flatwork at a rate of not less than 200 square feet per gallon, in accordance with the manufacturer's recommendations.  The spray equipment shall have sufficient capacity to continuously spray finishing aid at approximately 40 psi with a suitable nozzle as recommended by the manufacturer.

3. The sprayable solution shall be prepared as recommended by the manufacturer.

4. Under severe drying conditions, additional applications of finishing aid may be required following each floating or troweling, except the last finishing operation.

D. Sidewalks and Driveways
1. Concrete surfaces shall be screeded to the proper elevation and contour.  All aggregates shall be completely embedded in mortar.  Screeded surfaces shall be given an initial float finish as soon as the concrete has stiffened sufficiently for proper working.  Any piece of coarse aggregate which is disturbed by the float or which causes a surface irregularity shall be removed and replaced with mortar.  Initial floating shall produce a surface of uniform texture and appearance, with no unnecessary working of the surface.  Initial floating shall be followed by a second floating at the time of initial set.

2. Floated surfaces shall be given a light broom finish, using a horsehair broom, to provide a nonslip surface.  Brooming shall be done at right angles to the length of the walk.

Sidewalks shall be edged using a 3 or 4 inch wide edging tool with a 1/8 inch corner radius.  Edger lap marks at corners of each slab shall be carefully removed.  The depth of the transverse joints shall be no less than one-fourth the thickness of the slab. Joints shall divide each sidewalk into square sections.

3. The finished surface of all sidewalks shall be neat in appearance, shall be sloped to drain, and shall not pond water.

E. Curb and Gutter

1. After the forms have been removed, all exposed edges shall be rounded, using an edging tool with a 1/8 inch corner radius.  Exposed surfaces shall be float finished and given a light broom finish applied at right angles to the curb at the time of initial set, using a horsehair broom.

3.03 CURING
A. Concrete shall be protected from loss of moisture for at least 7 days by membrane curing compound or by water curing.  Membrane curing compound shall be applied as recommended by the manufacturer.  Acceptable methods of water curing are described in ACI 308.  Concrete shall be protected from freezing for at least 7 days following placement.
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