
SECTION 03300

CAST-IN-PLACE CONCRETE

PART 1
GENERAL

1.1
SUMMARY

A.
This Section specifies cast-in place concrete, including formwork, reinforcing steel, mix design, placement procedures, and finishes.

B.
Cast-in-place concrete includes the following:


1.
Walls and Stadium Seating Structure

2.
Ramps & Landings

3.
Steps

4.
Curbs & Sidewalks

5.
Footings, Slabs-On-Grade, Elevated Slabs, Beams and Specialty Concrete
1.2
SUBMITTALS

A.
Provide Submittals under the provision of section 01300.
B.
Shop Drawings: Indicate profiles, sizes, connection attachments, anchorage, size and type of fasteners, finishes and accessories 
C.
Product data for proprietary materials and items including but not limited to reinforcement and forming accessories, admixtures, patching compounds, curing compounds, and other relevant materials.
D.
Steel Reinforcement Shop Drawings:  Details of fabrication, bending, and placement, prepared according to ACI 315, "Details and Detailing of Concrete Reinforcement."  Include material, grade, bar schedules, bent bar diagrams, arrangement, and supports of concrete reinforcement.
1.3
QUALITY ASSURANCE

A.
Installer Qualifications: An experienced installer who has completed concrete Work similar in material, design, and extent to that indicated for this Project and whose work has resulted in construction with a record of successful in-service performance.
B.
Source Limitations:  Obtain each type or class of cementitious material of the same brand from the same manufacturer's plant, obtain aggregate from one source, and obtain admixtures through one source from a single manufacturer.  Submit supplier’s qualifications statement and certification as an ACI or PCA approved Plant.
C.
Reference Standards: ACI Publications:  Comply with the following unless modified by requirements in the Contract Documents:

1. ACI 301, "Specification for Structural Concrete," 
2. ACI 117, "Specifications for Tolerances for Concrete Construction and Materials."
3. ACI-211.1, "Standard Practice for Selecting Proportions for Normal and Heavyweight Concrete."
4. ACI-214, “Recommended Practice for Evaluation of Strength Test Results of Concrete.”
5. ACI-304, "Recommended Practice for Measuring, Mixing and Placing Concrete."
6. ACI-305, "Hot Weather Concreting."
7. ACI-306, "Cold Weather Concreting."
8. ACI 308, “Standard Specification for Curing Concrete.”
9. ACI-309, "Standard Practice for Consolidation of Concrete."
10. ACI 315, "Details and Detailing of Concrete Reinforcement.”

11. ACI-318, "Building Code Requirements for Reinforced Concrete."
12. ACI-SP-4, "Formwork for Concrete."

12.
ACI-SP-66, "ACI Detailing Manual."
ANSI/ASTM D1751 ‑ Preformed Expansion Joint Fillers for Concrete Paving and Structural Construction.

D.
ANSI/ASTM D1752 ‑ Preformed Sponge Rubber and Cork Expansion Joint Fillers for Concrete Paving and Structural Construction.

E.
ASTM C33 ‑ Concrete Aggregates.

F.
ASTM C94 ‑ Ready Mix Concrete.

G.
ASTM C150 ‑ Portland Cement
H.
ASTM C260 ‑ Air‑Entraining Admixtures for Concrete.

I.
ASTM C309 ‑ Liquid Membrane‑Forming Compounds for Curing Concrete.

J.
ASTM C494 ‑ Chemical Admixtures for Concrete.

K.
FS TT‑C‑800 - Curing Compound Concrete for New and Existing Surfaces.

L.
ANSI/ASTM A185 Welded Steel Wire Fabric for Concrete. 
G.
Concrete Testing Service:  Engage a qualified independent testing agency to perform material evaluation tests and to design concrete mixtures.
1.4

PROJECT CONDITIONS

A.
Do not place concrete footings until substrate has been approved by the Geotechnical Engineer or Geotechnical representative, in writing. 

B.
Protection of Footings Against Freezing; Cover completed work at footing level with sufficient temporary or permanent cover as required to protect footings and adjacent subgrade against possibility of freezing; maintain cover for time period as necessary.  


C. 
Protect adjacent finish materials against spatter during concrete placement.

1.5

VERIFICATION OF CONDITIONS

A.
Visit site and verify all conditions and dimensions.  Examine all drawings affecting work of this section.

B.
Check all work or surfaces to receive work of this section. 

C.
Beginning concrete work will constitute acceptance of base or adjoining work and other conditions as satisfactory in every respect.

1.6

COORDINATION WITH OTHER TRADES

A.
Coordinate concrete work with work of other trades.  Afford other trades full cooperation and access for installation of inserts, bolts, and other embedded items in concrete.  Suitable templates or instructions, or both, shall be provided for setting items not placed in forms.  All items to be embedded in concrete, and all items to be placed by other trades, shall have been inspected; their locations and positions in conjunction with work shall have been inspected, and their locations and positions shall have been verified by all parties involved in the work.
PART 2
PRODUCTS

2.1
FORM MATERIALS

A.
Forms for Exposed Finished Concrete:  Sonotube for round columns, overlaid plywood complying with U. S. Product Standard PS-1 “A-C or B-B High Density Overlaid Concrete Form”, Class 1 to provide continuous, straight, smooth, exposed surfaces.  Furnish in largest practicable sizes to minimize number of joints.  


B.
Forms for Unexposed Finish Concrete:  Plywood, lumber, metal, sonotube or another acceptable material.  Provide lumber dressed on at least two edges and one side for tight fit.
C.
Form Liner:  GrayLastic Extended-Use Elastometric Formliner as manufactured by Fitzgerald Formliners, or approved equivalent.  Model/Pattern as indicated on plans.
D.
Form Release Agent:  Provide commercial formulation form release agent with a maximum of 350 g/L volatile organic compounds (VOCS) that will not bond with, stain, or adversely affect concrete surfaces and will not impair subsequent treatments of concrete surfaces.
E.
Form Ties:  Factory-fabricated, adjustable-length, removable or snap-off metal form ties designed to prevent form deflection and to prevent spalling of concrete upon removal.  Provide units that will leave no metal closer than 1-1/2 inches to the plane of the exposed concrete surface.

1.
Provide ties that, when removed, will leave holes not larger than 1 inch in diameter in the concrete surface.
2.2
REINFORCING MATERIALS

A.
Reinforcing Bars: ASTM A 615 Grade 60, deformed billet steel for concrete reinforcement.  All reinforcing bars, bar supports, and embedded items are to be epoxy-coated.  Galvanized reinforcement and accessories are not permitted unless approved in writing prior to the start of construction.
B.
Supports for Reinforcement:  Bolsters, chairs, spacers, accessories and related hardware and other devices for spacing, supporting, and fastening reinforcing bars are also to be epoxy-coated.  Galvanized accessories are not permitted unless approved in writing prior to the start of construction.
2.3
CONCRETE MATERIALS

A. Cementitious Material:  Use the following cementatious materials, of the same type, 
brand, and source, throughout Project:



1.
Portland Cement:  ASTM C 150, Type I or Type II.



2.
Fly Ash:  ASTM C 618, Class F.



3.
Ground Granulated Blast Furnace Slag: ASTM C 939, Grade 100 or 120.

B.
Normal-Weight Aggregates:  ASTM C33, Provide aggregates from a single source.


1.
Coarse-Aggregate Gradation: ASTM C33 Size #57.



2.
Coarse-Aggregate Class:  As required by ASTM C33 for each type of concrete in severe weathering regions, but not less than 3S.



3.
Fine Aggregate:  Free of materials with deleterious reactivity to alkali in cement.


4.
Water:  ASTM C94/C94M and potable.
2.4
ADMIXTURES
A.
Air-Entraining Admixture:  ASTM C 260.  Air-entrainment is to be not less than 5% and not more than 7% at the point of placement.
B.
Chemical Admixtures:  Provide admixtures certified by manufacturer to be compatible with 
other admixtures and that will not contribute water-soluble chloride ions exceeding those 
permitted in hardened concrete.  Do not use calcium chloride or admixtures containing calcium chloride.



1.
Water-Reducing Admixture:  ASTM C 494/C 494M, Type A.



2.
Retarding Admixture:  ASTM C 494/C 494M, Type B.



3.
Water-Reducing and Retarding Admixture:  ASTM C 494/C 494M, Type D.



4.
High-Range, Water-Reducing Admixture:  ASTM C 494/C 494M, Type F.



5.
High-Range, Water-Reducing and Retarding Admixture:  ASTM C 494/C 494M, Type G.
2.4
RELATED MATERIALS

A.
Absorptive Cover:  Burlap cloth made from jute or kenaf, weighing approximately 9 oz./sq. yd., complying with AASHTO M 182, Class 2.
B.
Moisture-Retaining Cover:  ASTM C171 polyethylene film or white burlap-polyethylene sheet.

C.
Clear Curing and Sealing Compound (A.I.M. Regulations - VOC Compliant, 350 



g/L):  Liquid type  membrane‑forming curing compound, clear styrene acrylate type, 
    
complying with ASTM C1315, Type I, Class A, 30% solids content minimum.  
        
Moisture loss shall be not more than 0.40 Kg/m2 when applied at 300 sq. ft./gal. 
       
Manufacturer's certification is required.  



1.
Products: Subject to compliance with requirements:

a. "Super Diamond Clear VOX" Euclid Chemical Co.

b. Lumiseal WB Plus L & M Construction Chemicals, Inc. 
c. Vocomp-30 W. R. Meadows, Inc.
d. Or approved equal 



2.
Sodium silicate compounds are not permitted.

2.5
PROPORTIONING AND DESIGNING MIXES

A.
Prepare design mixtures for each type and strength of concrete, proportioned on the basis of 
laboratory trial mixture or field test data, or both, according to ACI 301.



1.
Use a qualified independent testing agency for preparing and reporting proposed mixture designs based on laboratory trial mixtures but not the same agency as for field quality control testing.
B.
Cementitious Materials:  Limit percentage, by weight, of cementitious materials other than Portland Cement in concrete as follows:



1.
Fly Ash: 25 percent.

2. Ground Granulated Blast Furnace Slag: 40 percent.

3. Combined Fly Ash and Ground Granulated Blast Furnace Slag: 60 percent Portland Cement minimum, with fly ash or pozzolan not exceeding 25 percent.
C.
Limit water-soluble, chloride-ion content in hardened concrete to 0.15 percent by weight of cement.

D.
Admixtures:  Use admixtures according to manufacturer's written instructions.



Delete or revise four subparagraphs below to suit Project.


1.
Use water-reducing, high-range water-reducing or plasticizing admixture in concrete, as required, for placement and workability.



2.
Use water-reducing and retarding admixture when required by high temperatures, low humidity, or other adverse placement conditions.



3.
Use high-range water-reducing admixture in pumped concrete, and concrete with a water-cementitious materials ratio below 0.45.

2.6
CONCRETE MIXTURES FOR BUILDING ELEMENTS
A.
Proportion concrete mixtures to comply with strength, slump, and air-content requirements indicated.



1.
Prepare design mixes for each type and strength of concrete determined by either laboratory trial mix or field test data bases.

2.
Proportion normal-weight concrete according to ACI 211.1 and ACI 301.

2.7
FABRICATING REINFORCEMENT



A.

Fabricate steel reinforcement according to CRSI’s “Manual of Standard Practice”.
2.8 CONCRETE MIXING
A. Ready-Mixed Concrete:  Comply with requirements of ASTM C94, and as specified.

1. When air temperature is between 85 deg. F. and 90 Deg. F., reduce mixing and delivery time from 90 minutes to 75 minutes, and when air temperature is above 90 deg. F., reduce mixing and delivery time to 60 minutes.

PART 3
EXECUTION

3.1
GENERAL

A.
Coordinate the installation of forms and reinforcing steel.

3.2
FORMS

A.
General:  Design, erect, support, brace, and maintain formwork to support vertical, lateral, static, and dynamic loads that might be applied until concrete structure can support such loads.  Construct formwork so concrete members and structures are of correct size, shape, alignment, elevation, and position.  Maintain formwork construction tolerances and surface irregularities complying with the following ACI 347 limits:

1.
Provide Class A tolerances for concrete surfaces exposed to view.

2.
Provide Class C tolerances for other concrete surfaces.

B.
Construct forms to sizes, shapes, lines, and dimensions shown and to obtain accurate alignment, location, grades, level, and plumb work in finished structures.  Solidly butt joints and provide backup at joints to prevent cement paste from leaking.

C.
Fabricate forms for easy removal without hammering or prying against concrete surfaces.  Provide crush plates or wrecking plates where stripping may damage cast concrete surfaces.
D.
Provisions for Other Trades:  Provide openings in concrete formwork to accommodate work of other trades.  Determine size and location of openings, recesses, and chases from trades providing such items.  Accurately place and securely support items built into forms.
E.
Install Form Liners in accordance with manufacturer’s instructions.
F.
Cleaning and Tightening:  Thoroughly clean forms and adjacent surfaces to receive concrete.  Remove chips, wood, sawdust, dirt, or other debris just before placing concrete.  Retighten forms and bracing before placing concrete, as required, to prevent mortar leaks and maintain proper alignment.

G.
Allowable Tolerances:  Construct formwork to provide completed cast-in-place concrete surfaces complying with tolerances specified in ACI 347, and as follows:

1.
Variation from position of linear building lines and related columns, walls and partitions, ½-inch in any bay or 20-feet maximum, and one inch in 40-feet or more.

2.
Before concrete placement, check lines and levels of erected formwork.  Make corrections and adjustments to ensure proper size and location of concrete members and stability of forming systems.

3.
During concrete placement, check formwork and related supports to ensure that forms are not displaced and that completed work will be within specified tolerances.

3.3
EMBEDDED ITEMS

A.
Place and secure anchorage devices and other embedded items required for adjoining work that is attached to or supported by cast-in-place concrete.  Use setting drawings, templates, diagrams, instructions, and directions furnished with items to be embedded.

1.
Install anchor rods, accurately located, to elevations required and complying with tolerances in Section 7.5 of AISC's "Code of Standard Practice for Steel Buildings and Bridges."

2.
Engage a licensed surveyor to verify that the work is within specified allowable tolerances. Surveyor shall report in writing to the Architect with copy to Contractor, certifying the work as acceptable or indicating deviations from allowable tolerances.

Retain applicable subparagraphs below and add others if required.  Revise to suit Project.
3.4
PLACING REINFORCEMENT

A.
General:  Comply with Concrete Reinforcing Steel Institute's recommended practice for "Placing Reinforcing Bars," for details and methods of reinforcement placement and supports and as specified.

B.
Clean reinforcement of loose rust and mill scale, earth, ice, and other materials that reduce or destroy bond with concrete.

C.
Accurately position, support, and secure reinforcement against displacement.  Locate and support reinforcing by metal chairs, runners, bolsters, spacers, and hangers, as approved by Architect.

D.
Place reinforcement to maintain minimum coverage as indicated for concrete protection.  Arrange, space, and securely tie bars and bar supports to hold reinforcement in position during concrete placement operations.  Set wire ties so ends are directed into concrete, not toward exposed concrete surfaces.

3.5
PREPARING FORM SURFACES

A.
General:  Coat contact surfaces of forms with an approved, nonresidual, low-VOC, form coating compound before placing reinforcement.

B.
Do not allow excess form-coating material to accumulate in forms or come into contact with in-place concrete surfaces against which fresh concrete will be placed.  Apply according to manufacturer's instructions.

1.
Coat steel forms with a nonstaining, rust-preventative material.  Rust-stained steel formwork is not acceptable.

3.6
CONCRETE PLACEMENT

A.
Inspection:  Before placing concrete, inspect and complete formwork installation, reinforcing steel, and items to be embedded or cast in.  Notify other trades to permit installation of their work.

B.
General:  Comply with ACI 304, "Guide for Measuring, Mixing, Transporting, and Placing Concrete," and as specified.

C.
Deposit concrete continuously or in layers of such thickness that no new concrete will be placed on concrete that has hardened sufficiently to cause seams or planes of weakness.  If a section cannot be placed continuously, provide construction joints as specified.  Deposit concrete to avoid segregation at its final location.

D.
Placing Concrete in Forms:  Deposit concrete in forms in horizontal layers no deeper than 24 inches and in a manner to avoid inclined construction joints.  Where placement consists of several layers, place each layer while preceding layer is still plastic to avoid cold joints.

1.
Consolidate placed concrete by mechanical vibrating equipment supplemented by hand spading, rodding, or tamping.  Use equipment and procedures for consolidation of concrete complying with ACI 309.

2.
Do not use vibrators to transport concrete inside forms.  Insert and withdraw vibrators vertically at uniformly spaced locations no farther than the visible effectiveness of the machine.  Place vibrators to rapidly penetrate placed layer and at least 6 inches into proceeding layer.  Do not insert vibrators into lower layers of concrete that have begun to set.  RE-tempering of concrete shall not be permitted.  At each insertion, limit duration of vibration to time necessary to consolidate concrete and complete embedment of reinforcement and other embedded items without causing mix to segregate.

E.
Cold-Weather Placement:  Comply with provisions of ACI 306 and as follows.  Protect concrete work from physical damage or reduced strength that could be caused by frost, freezing actions, or low temperatures.

1.
When air temperature has fallen to or is expected to fall below 40 deg F, uniformly heat water and aggregates before mixing to obtain a concrete mixture temperature of not less than 50 deg F and not more than 80 deg F at point of placement.

2.
Do not use frozen materials or materials containing ice or snow.  Do not place concrete on frozen subgrade or on subgrade containing frozen materials.

3.
Do not use calcium chloride, salt, or other materials containing antifreeze agents or chemical accelerators.  Ensure that all additives are non-chloride compliant.
F.
Hot-Weather Placement:  When hot weather conditions exist that would impair quality and strength of concrete, place concrete complying with ACI 305 and as specified.

1.
Cool ingredients before mixing to maintain concrete temperature at time of placement to below 90 deg F.  Mixing water may be chilled or chopped ice may be used to control temperature, provided water equivalent of ice is calculated to total amount of mixing water.  Using liquid nitrogen to cool concrete is Contractor's option.

2.
Cover reinforcing steel with water-soaked burlap if it becomes too hot, so that steel temperature will not exceed the ambient air temperature immediately before embedding in concrete.

3.
Fog spray forms, reinforcing steel, and subgrade just before placing concrete.  Keep subgrade moisture uniform without puddles or dry areas.

4.
Use water-reducing retarding admixture when required by high temperatures, low humidity, or other adverse placing conditions, as acceptable to Architect.

3.7
FINISHING FORMED SURFACES

A. Rough-Formed Finish:  Provide a rough-formed finish on formed concrete surfaces not exposed to view in the finished Work or concealed by other construction.  This is the concrete surface having texture imparted by form-facing material used, with tie holes and defective areas repaired and patched, and fins and other projections exceeding 1/4 inch in height rubbed down or chipped off.
B.
Grout-Cleaned Finish:  Provide grout-cleaned finish on exposed concrete surfaces that have received smooth-formed finish treatment.

1.
Combine one part Portland cement to one and one-half parts fine sand by volume, and a 50:50 mixture of acrylic or styrene butadiene-based bonding admixture and water to form the consistency of thick paint.  Blend standard Portland cement and white Portland cement in amounts determined by trial patches so that final color of dry grout will match adjacent surfaces.

2.
Thoroughly wet concrete surfaces, apply grout to coat surfaces, and fill small holes.  Remove excess grout by scraping and rubbing with clean burlap.  Keep damp by fog spray for at least 36 hours after rubbing.

C.
Related Unformed Surfaces:  At tops of walls, horizontal offsets, and similar unformed surfaces adjacent to formed surfaces, strike-off smooth and finish with a texture matching adjacent formed surfaces.  Continue final surface treatment of formed surfaces uniformly across adjacent unformed surfaces unless otherwise indicated.
D. Clean form lined concrete as recommended by the manufacturer.  Do not begin cleaning until mortar joints are properly cured.  Allow a minimum of 24 to 72 hours.  Soak mortar joints before applying cleaner.
3.8
CONCRETE PROTECTION

A.
General:  Protect freshly placed concrete from premature drying and excessive cold or hot temperatures.  Comply with ACI 306.1 for cold-weather protection and ACI 301 for hot-weather protection during curing.
3.9
CONCRETE SURFACE REPAIRS
A.
Patching Defective Areas:  Repair and patch defective areas with cement mortar immediately after removing forms, when acceptable to Design Consultant.

B.
Mix dry-pack mortar, consisting of one part Portland cement to 2-1/2 parts fine aggregate passing a No. 16 mesh sieve, using only enough water as required for handling and placing.

1.
Cut out honeycombs, rock pockets, voids over 1/4 inch in any dimension, and holes left by tie rods and bolts down to solid concrete but in no case to a depth less than 1 inch.  Make edges of cuts perpendicular to the concrete surface.  Thoroughly clean, dampen with water, and brush-coat the area to be patched with bonding agent.  Place patching mortar before bonding agent has dried.

2.
For surfaces exposed to view, blend white Portland cement and standard Portland cement so that, when dry, patching mortar will match surrounding color.  Provide test areas at inconspicuous locations to verify mixture and color match before proceeding with patching.  Compact mortar in place and strike-off slightly higher than surrounding surface.
C.
Repairing Formed Surfaces:  Remove and replace concrete having defective surfaces if defects cannot be repaired to satisfaction of the Design Consultant.  Surface defects include color and texture irregularities, cracks, spalls, air bubbles, honeycomb, rock pockets, fins and other projections on the surface, and stains and other discolorations that cannot be removed by cleaning.  Flush out form tie holes and fill with dry-pack mortar or precast cement cone plugs secured in place with bonding agent.

1.
Repair concealed formed surfaces, where possible, containing defects that affect the concrete's durability.  If defects cannot be repaired, remove and replace the concrete.
D.
Perform structural repairs with prior approval of Architect for method and procedure.

3.10
CODE REGULATIONS

A.
These specifications are hereby supplemented by the Local Building Code and other laws.  Rules and regulation promulgated by departments having jurisdiction thereof, and by the ACI Standard Building Code “Requirements for Reinforced Concrete” (ACI 318).  Requirements for these codes shall be followed the same as if especially noted in these specifications.  Where conflict occurs, the Local Building Code shall take precedence.
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