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SC#

PROJECT NAME

SECTION 03300

CAST-IN-PLACE CONCRETE

PART 1:
GENERAL

1.01
SECTION INCLUDES

A.
Material, labor, equipment and services necessary for the installation of all concrete work.  The work shall include, but not necessarily be limited to the following:

1.
Furnishing and placing of all concrete.

2.
Furnishing and installation of rock base, vapor barrier and sand cover under floor slabs-on-grade.

3.
Installation of inserts, sleeves, anchor bolts, grounding cable and other items embedded in concrete, but furnished under other sections.

1.02
RELATED WORK SPECIFIED ELSEWHERE:

A.
Section 01010 - General Requirements

B.
Section 01210 - Special Requirements

C.
Section 02223 - Backfilling

D.
Section 03100 - Concrete Formwork

E.
Section 03200 - Concrete Reinforcement

F.
[Section 05120 - Structural Steel]

1.03
REFERENCES (Latest Edition)

A. American Concrete Institute (ACI):

1
ACI 211.1
Proportions for Normal, Heavyweight and Mass Concrete

2
ACI 301
Specifications for Structural Concrete for Buildings

3
ACI 305
Recommended Practices for Hot Weather Concreting

4
ACI 306
Recommended Practices for Cold Weather Concreting

5
ACI 308
Curing Concrete

6
ACI 318
Building Code Requirements for Reinforced Concrete

7
ACI 347
Recommended Practices for Concrete Formwork

8
ACI 614
Recommended Practices for Measuring, Mixing and Placing Concrete

B. American Society for Testing and Materials (ASTM):

1
ASTM A 185
Steel Welded Wire Fabric, Plain, for Concrete Reinforcement

2
ASTM A 615
Deformed and Plain Billet‑Steel Bars for Concrete Reinforcement

3
ASTM C31
Making and Curing Concrete Test Specimens in the Field

4
ASTM C33
Concrete Aggregates

5
ASTM C42
Obtaining and Testing Drilled Coves and Sawed Beams of Concrete

6
ASTM C70
Test Methods for Surface Moisture in Fine Aggregate

7
ASTM C94
Ready Mix Concrete

8
ASTM C125
Definitions of Terms Relating to Concrete and Concrete Aggregate

9
ASTM C127
Test Methods for Specific Gravity and Absorption of Coarse Aggregate

10
ASTM C128
Test Methods for Specific Gravity and Absorption of Fine Aggregate

11
ASTM C136
Methods for Sieve Analysis of Fine and Coarse Aggregate

12
ASTM C150
Portland Cement

13
ASTM C156
Test Method for Water Retention by Concrete Curing Materials

14
ASTM C171
Sheet Materials for Curing Concrete

15
ASTM C172
Sampling of Freshly Mixed Concrete

16
ASTM C260
Air Entraining Admixtures for Concrete

17
ASTM C309
Liquid Membrane - Forming Compounds for Curing Concrete

18
ASTM C330
Lightweight Aggregates for Structural Concrete

19
ASTM C494
Chemical Admixtures for Concrete

20
ASTM C618
Fly Ash and Raw or Calcined Natural Pozzolan for Use as a Mineral Admixture in Portland Cement Concrete

21
ASTM C881
Epoxy - Resin - Base Bonding Systems for Concrete

22
ASTM C944
Preformed Expansion Joint Filler

for Concrete (Bituminous Type)

23
ASTM D1751
Performed Expansion Joint Filler for Concrete Paving and Structural Construction (Nonextruding and Resilient Bituminous Types)

24
ASTM D 2103
Polyethylene Film and Sheeting

25
ASTM E 1155
Standard Method for Determining Floor Flatness and Levelness Using the F Number System

C.
American Association of State Highway and Transportation Officials (AASHTO):

1. M171

2. M182 Burlap Cloth Made for Jute or Kelat

D.
United States Army Corps of Engineers (COE):

1. CRD - C572 - 74 - Polyvinyl Chloride Waterstop

E.
State of California, Business and Transportation Agency, Department of Transportation (Caltrans):

1.
CMM Materials Manual

2.
Standard Specifications

1.04
SUBMITTALS

A.
Submit under provisions of Section 01010, General Provisions.

B.
Submit design mix sealed by an engineer registered in California, and information on admixtures, for the University's review at least ten days prior to the scheduled start of concrete placement operations.  [Submit reports of thermal tests for the mix to be used for concrete sections over three feet thick, as required by Part 3.11 in this Section.] [Submit mix design calculations and laboratory test batch data for mixes in which pozzolonic material comprises greater than fifteen percent of the total weight of cementious and pozzolonic material.] 

C.
Submit certification that all facilities of the ready-mix plant comply with the requirements of ASTM C94, Ready Mix Concrete and the National Ready Mix Association.

D.
Submit placement drawings, showing location of construction joints, if the location of construction joints will be different than shown on the construction drawings.

E.
[Submit detailed description of the procedures for concreting in [hot] or [cold] weather.]

F.
Product Data:  Provide data on concrete admixtures curing material, [bonding materials,] [floor hardeners,] [filter drains,] waterstops, joint materials and devices, attachment accessories and other embedded items.

G.
Samples:Submit twelve inch long samples of expansion/contraction joint, waterstops and control joint.

H.
Manufacturer's Installation Instructions: Indicate installation procedures and interface required with adjacent work.

I.
Submit the following as specified elsewhere in this Section:

1.
Certified test reports

2.
Certificates of compliance

3.
Batch tickets

4.
Project record documents

5.
Field samples

J. Submit samples of concrete materials requested by the University.

K.
Submit test reports for recycled aggregate.

1.05
PROJECT RECORD DOCUMENTS

A.
Submit under provisions of Section 01010, General Provisions.

B.
Accurately record actual locations of embedded utilities and components which are concealed from view.

1.06
QUALITY ASSURANCE

A.
Quality assurance and inspection shall be in accordance with Section 01210, Special Provisions.

B.
Sampling and testing of cement and aggregate:

1.
Subcontractor shall furnish all required samples and perform all other required testing at his expense.

2.
Methods of sampling and testing shall be as specified in ACI 301, "Specifications for Structural Concrete for Buildings," and in other referenced standards.

C.
Tests and inspections performed by the Subcontractor's testing agency as follows:

1.
Concrete Mixes:  Testing laboratory shall, under direction of its California registered Civil Engineer, perform precise design of all concrete mixes.  Each mix shall bear the signature, seal and registration expiration date of the engineer directing the design work. For mixes containing greater than fifteen percent fly ash, the Testing laboratory shall produce calculations and test batches in accordance with the recommendations of ACI 211.1 to determine the minimum water content and to confirm workability, curing time and compressive strength.

2.
Aggregates:  The Subcontractor shall supply the testing agency adequate samples of the several sizes of aggregates to be used.

3.
The testing agency will check all aggregates for compliance with the specifications, general suitability, and the following properties in accordance with the referenced ASTM standards:

Sieve Analysis (ASTM C136);

Specific Gravity (ASTM C127, ASTM C128);

Absorption (ASTM C127, ASTM C128);

Moisture content (ASTM C70);

Unit Weight (ASTM C125);

Fineness Modules (ASTM C125);

and such test as the agency may require to verify the soundness, durability, resistance to abrasion, etc., of the aggregates.

4.
Cement:  The Subcontractor shall supply adequate samples for testing and mix design.

5.
One grab sample of approximately five pounds shall be taken from each 500 barrels of cement and shall be stored in an airtight container at the Laboratory to be tested if directed by the University.

6.
The extent of proportioning of fine and coarse aggregates to be used in the mix shall be determined by the testing agency and reviewed by the University.

D.
Certificates of Compliance:  Acceptability of the following materials will be based upon documentation furnished by the manufacturer identifying each batch of material and certifying compliance with the requirements specified:

1. Portland cement

2.
Mineral admixtures (fly ash)

3. Chemical admixtures


When certification is not available, one grab sample shall be taken and tested in accordance with ASTM C311 for each day’s pour.

E.
Certified laboratory test reports:  Before delivery of materials, certified copies of the reports of all tests required in referenced publications or otherwise specified here shall be submitted.  The testing shall have been performed by an independent laboratory approved by the University within one year of submittal of test reports for approval.  Test reports on a previously tested material shall be accompanied by notarized certificates from the manufacturer certifying that the previously tested material is of the same type, quality, manufacture and make as that proposed for use in this project.  Certified test reports are required for the following:

1.
Portland Cement

2.
Aggregates

3.
Admixtures and curing materials

4. Ready-mixed concrete

F.
Tolerances

1.
Formed surfaces:  Tolerances on formed surfaces shall be as specified in Article 3.3 of ACI 347, "Recommended Practices for Concrete Formwork."

G.
Evaluation and acceptance of concrete and concrete structures will be in accordance with ACI 301, "Specifications for Structural Concrete for Buildings."

H.
Conform to ACI 305R, "Recommended Practices for Hot Weather Concreting," when concreting during hot weather.

I.
Conform to ACI 306R, "Recommended Practices for Cold Weather Concreting," when concreting during cold weather.

1.07
FIELD SAMPLES

A.
Provide field samples under the provisions of Section 01010, General Provisions.  Coordinate with Section 03100, Concrete Formwork.

B.
[Construct and erect a field sample of architectural concrete surfaces receiving special treatment or finish.  Surfaces for which sample panels are required will be designated on the drawings.  The sample panel must be of sufficient size to indicate special treatment or finish required.  Accepted sample panel will be considered the basis of quality for the finished work.  Keep sample panel exposed to view for duration of the concrete work.]

1.08
COORDINATION

A. Coordinate work under provisions of Section 01010, General Provisions.

PART 2:
PRODUCTS

2.01
CONCRETE MATERIALS

A.
Cement:  Portland cement, ASTM C150, Type II, Low Alkali.  The same type and brand of cement shall be used throughout.

B.
Aggregate for standard Weight Concrete:  ASTM C33, except as modified herein.  Hard, durable material from established sources with proven record of successful use in producing concrete with minimum shrinkage.

1.
Coarse Aggregates:  Cleanness Value of not less than 75 when tested as per CMM-Test Method No. California 227.

2.
Fine Aggregates:  Sand Equivalent of not less than 75 when tested per CMM-Test Method No. California 217.

3.
Combined Aggregates:  The exact proportions of the fine aggregates and coarse aggregates to be used in the mix shall be determined by the mix design. 

D.
Water:
Mixing water shall be clean, potable and free from deleterious material.

E.
Aggregate for Lightweight Concrete:  ASTM C330.  Lightweight aggregate shall be expanded shale or clay produced by rotary kiln.  The coarse aggregate shall not be crushed after lining except that a small amount, 3/4-inch in size and smaller, may be crushed to the extend necessary to produce the required coarse aggregate grading.  The coarse aggregate size shall not exceed 3/4-inch.  Fine aggregate shall be a blend of natural sand (ASTM C33) and lightweight fines.  Dry weight of lightweight concrete shall not exceed 110 pounds per cubic foot.]

2.02
ADMIXTURES

A.
All admixtures used shall be compatible and shall be used only if specifically approved in advance by the University.

B. [Concrete shall contain an air entrainment admixture conforming to ASTM C260, to produce an air content of approximately [4%].  [All exposed concrete shall contain an air entrainment admixture conforming to ASTM C260, to produce an air content of approximately [4%].].   The admixture shall be Master Builders “Micro-Air”, Grace “Daravair”, Sika “AER” or equal.

C.
Mineral admixtures: Fly ash shall conform to ASTM C618, Class F, as supplied by Pozzolanic International, Western Ash or equal with the following additional requirements.

1. Modified ASTM requirements:

a. Loss of Ignition (L.O.I.): maximum 1%.

b. Sulfur Trioxide (SO3) shall not exceed 3% by weight.

c. Water requirement maximum: 100% control.

d. R=(CaO-5%)/(Fe2O3), where R (sulfate resistance) is 0.75 maximum and CaO/ Fe2O3 is the percentage from fly ash oxide analysis.

D.
Chemical admixtures: Water reducing admixtures conforming to ASTM C494 Type A shall be used in all concrete except foundations where its use is optional.   The admixture shall be Master Builders “Pozzolith 322-N”, Grace “WRDA-79”, Sika “Plastocrete 161” or equal. . Other chemical admixtures conforming to ASTM C494 Type B, C, F or G may be submitted for approval by the University.  The use of calcium chloride, sulphites or nitrates is prohibited.

E.
Color Admixtures:  

1. Where the Architectural drawings call for colored concrete, the color hardener and pigments shall be as manufactured by QC Construction Products and shall be applied to the surface of the concrete. Job site samples measuring eight (8) inches square are required for each specified color. The final color samples must be approved by the Project Manager from job site samples. 

2. Exposed exterior concrete is to contain 2 pounds of lamp black per cubic yard.

3.
Concrete surrounding 12 kVA electrical duct banks shall be red; the pigment shall be added at the concrete batch plant. 

2.03
EXPANSION JOINTS and WATER STOPS

A.
Shall be [formed by premolded bituminous joint material, non-extruding  conforming to ASTM C944,] or [premolded joint fillers conforming to ASTM D175.1].  Waterstops shall conform to the minimum dimensions shown on the plans and shall be manufactured either from neoprene or from polyvinyl chloride.  Neoprene shall conform to the requirements of Section 51-1.14 of Caltrans Standard Specifications.  Polyvinyl Chloride waterstops shall conform to the Corps of Engineers Specification Number CRD-C572 and shall conform to the ozone resistance as required for neoprene waterstops.

2.04
ACCESSORIES

A.
Curing Compounds:  ASTM C309, [Type I, clear or translucent without dye,] [Type 1-D, clear or translucent with fugitive dye] or Type 2, white pigmented] and which will not discolor concrete or affect bonding of other finishes applied thereover, and which restricts loss of water to not more than 0.500 grams per square centimeter of surface when tested per ASTM C156, "Test Method for Water Retention by Concrete Curing Materials."

B.
Slab Curing Membrane:  Membrane conforming to ASTM C171, Type 1, non-staining.

C.
Burlap Sheet:  AASHTO M171 and M182.

D.
Surface Hardener:  Lapidolith, Hornolith, Kemi-Kal Liquid or equal.

E.
Rock Base:  Clean, hard and durable gravel or crushed rock conforming to the requirements of CalTrans Standard Specifications Section 68 for Class 1, Type A permeable material.

F.
Vapor Barrier:  ASTM D2103, "Polyethylene Film and Sheeting."

G.
Sand Cover:  Uniformly graded, clean sand free from excessive fines, organic materials or other deleterious substances.

H.
Form Tie Cone Hole Plugs:  Burke Co., Grey, Recessed, Jumbo Cone, "Snaplug", or equal (no known equal) with waterproof adhesive.

I.
Filter drains such as behind concrete walls:  Type A drain rock conforming to Section 02223, Backfilling or prefabricated drain manufactured with polyethylene stranded or molded core and a geotextile fabric bonded to one side.  Filter drains shall be manufactured by Mirafi, Exxon or equal approved by the Architect-Engineer.

J.
Embedded Reglets and Dovetail Anchor Slots:  18 gauge galvanized steel.

2.05
CONCRETE MIXES

A.
All concrete mixes of each class and strength shall be designed by the Subcontractor's testing laboratory and sealed by a Civil Engineer registered in California.

Mix designs shall be submitted to the University for review at least ten days before placing concrete.

B.
The proportions of the concrete mixes shall be such as to produce concrete of the required strengths, slumps and aggregate sizes, of low shrinkage, and of a consistency that will allow thorough compaction of the concrete into corners and around reinforcing without excessive puddling, spading, or vibration, and without permitting the materials to segregates or free water to collect on the surface.  The maximum size and grading of aggregates shall be such that it will produce dense and uniform concrete free from rock pockets, honeycomb, and other irregularities.

C. Determination of the amount of water in the batch shall include water contained in the aggregates.  Water shall be added in the proportions established by the testing laboratory.

D. Fly ash shall be added to all concrete at the maximum rate of [15%][20%] replacement by weight of the scheduled amount of cement, unless the concrete has a [7] [14] day strength specified.

E.
The Subcontractor shall review and approve the proposed concrete mix design for compatibility with his placing requirements to insure that the concrete as designed can be placed in accordance with the drawings and Specifications.

F.
Use accelerating admixtures in cold weather only when approved by the University.  Use of admixtures will not relax cold weather placement requirements.

G.
Use set retarding admixtures during hot weather only when approved by the University.

H. For concrete exposed to special exposure conditions the maximum water-cement ratio shall not exceed [0.5].

I.
Concrete Classes:






[Minimum



Maximum

Minimum
Cement



Size of
Maximum
28-day
per



Aggregates
Slump
Strength
cu.yd



(inches)
(inches)
(psi)
(sacks)]

1.
Footings and 
[1-1/2]
[4]
[3,000]
[5.25]


Grade beams

2.
Drilled piers
[1]
[6]
[3,000]
[5.75]


18 inches or


less in diameter

3.
Drilled piers 
[1-1/2]
[6]
[3,000]
[5.25]


over 18 inches 


diameter

4.
Walls, Pilasters 
[1]
[4]
[3,000]
[5.75]


and Columns;


Suspended Slabs


and Beams; Waffle


Slabs

5.
Floor Slabs on 
[1]
[3]
[4,000]
[5.50]


Grade

6.
Lightweight 
[3/4]
[3]
[3,000]
[6.25]


Concrete Slabs


on Metal Decking


(110 pcf)

7.
Lean Concrete
1-1/2
5
1,500
[3.0]


Fill of over


excavated areas

8.  Lightweight
3/8
5
2,500
[4.0]


Topping Slab

9.  Exterior curb,
1
5
2,500
[4.0]


gutter, fence post


PART 3:
EXECUTION

3.01
EXAMINATION

A.
Verify site conditions under provisions of Section 01010, General Provisions.

B.
Verify requirements for concrete cover over reinforcement.

C.
Verify that anchor bolts, embedded plates, reinforcement, sleeves and other items to be cast into concrete are accurately placed, positioned securely, and will not cause hardship in placing concrete.

3.02
INSPECTION

A.
Cast-in-place concrete shall be subject to the following inspections and tests by an independent agency at the University’s discretion during the project construction.

1.
Inspect mixing plant, equipment and transit mix trucks and verify that the transit mixers and measuring facilities at the plant conform to ASTM C94, “Ready Mix Concrete.

2.
Take a set of four specimens at the job of each class of concrete for each 150 cubic yards or fraction thereof placed each day in accordance with ASTM C31, “Making and Curing Concrete Test Specimens in the Field.”  A record of the location in the building of each concrete batch shall be kept and noted on the specimen.  Standard compression tests of the cylinders shall be made, one at seven days and two at 28 days in accordance with ASTM C39.  The fourth standard cylinder shall be kept for further test, if required.  Cylinder tests requested by the Subcontractor shall be at the cost of the Subcontractor.

3.
Slump tests shall be made at the time of taking test cylinders, and/or as required by the University during placing of concrete in accordance with ASTM C143.  Temperature and air content tests may be made by the testing agency at the time that test cylinders are made.

4.
The subcontractor shall furnish composite samples in accordance with ASTM C172, "Sampling of Freshly Mixed Concrete," for testing by the University as specified above from batches of concrete selected by the University.

5.
Should the concrete fail to meet the minimum specified 28 day strength for the class of concrete tested (as determined by test on both the regular and spare cylinders), core samples at least four inches in diameter shall be taken from the work in representative locations as directed by the Architect-Engineer.  Cores shall be taken in accordance with the requirements of ASTM C42, "Obtaining and Testing Drilled Cores and Sawed Beams of Concrete," and shall be tested as required for cylinders.  Should these cores fail to meet the specified strength for the particular class of concrete, the concrete shall be deemed defective and shall be removed and replaced.  The Subcontractor shall bear the entire cost of such testing, removal, redesign, and replacing of defective concrete.


3.03
PREPARATION

A.
Prepare previously placed concrete by cleaning with [steel brush] or [sandblasting] and applying bonding agent in accordance with manufacturer's instruction.

B.
In locations where new concrete is doweled to existing work, drill holes in existing concrete, insert steel dowels and pack solid with [non-shrink grout] [epoxy grout] [epoxy adhesive].

C.
Foundation surfaces against which concrete is to be placed must be free from standing water, mud and debris.  Surfaces shall be clean and free from oil, objectionable coatings, and loose or unsound material.

D.
All surfaces of forms and embedded items shall be free of grout before placing concrete.

E.
Install [joint fillers] and [waterstops] in accordance with manufacturer's instructions.

F.
Install [1/2-inch] thick joint filler to separate slabs on grade from vertical surfaces.  Extend joint filler from bottom of slab to within 1/4-inch of finished slab surface.

G.
Securely tie reinforcing steel, inserts, anchor bolts and other embedded items to prevent displacement during concrete placement.

H.
Install joint device and anchors in accordance with manufacturer's instructions..  Maintain correct position to allow joint cover flush with floor finish.

I.
No concrete shall be placed until all subgrade, formwork, reinforcing steel, embedded items and surfaces against which concrete is to be placed have been accepted by the University.

J.
Location of construction joints shall be as shown on the structural drawings.

1.
Joints not indicated on the drawings shall be made and located so as not to impair the strength of the structure.  Location shall be acceptable to the University.

2.
All horizontal and vertical construction joints shall be cleaned and roughened by [steel brush] or [sandblasting] [waterblasting] [wet sandblasting].  [Extend reinforcing continuously through the construction joints.] [Provide keys as detailed.]  [Bond all construction joints using concrete bonding agent in accordance with manufacturer's recommendations.]

3.
Construction joints in all horizontal framing shall be located in the middle third of span in joints, beams, and/or as directed by the University.  Keys shall be provided across all vertical joints in joists, beams, slabs, walls, etc., as detailed on the structural drawings.

3.04
MIXING CONCRETE

A.
All concrete shall be ready-mixed concrete and shall be mixed and transported in accordance with ASTM C94, "Specification for Ready-Mixed Concrete." 

B.
All concrete shall be mixed with quantities and ingredients conforming to testing laboratory mix designs.  Ingredients shall be proportioned by weight.

C.
Mixed concrete shall be homogeneous in distribution of material and uniform in consistency and color.  Concrete shall be mixed for at least ten minutes after all ingredients have been added, three minutes of this time must be immediately prior to discharging at the job site.  The rate of delivery, haul time, missing time and hopper capacity shall be such that all mixed concrete delivered shall be placed in forms within 90 minutes from the time of the introduction of cement and water into the mixer.  No water shall be added after transit mixer leaves the batching plant without the approval of the University.

3.05
CONCRETE WORKMANSHIP

A.
Construction practices and workmanship shall conform to ACI 318, "Building Code Requirements for Reinforced Concrete," and ACI 301, "Specifications for Structural Concrete for Buildings," and these specifications.

B.
All aggregates shall be measured by weight or an equivalent accurate method and the proportion of water to cement shall be accurately controlled.  The slump of the concrete at the point of discharge at time of placing shall not be more than 1/2-inch greater than specified.  Cement and aggregate shall be stored in such a manner as to prevent their deterioration or the intrusion of foreign matter.  Any material which has deteriorated or which has been damaged shall not be used for concrete.  Final and coarse aggregate shall be stored and measured separately.

C.
All finished concrete surfaces shall be protected from damage caused by construction equipment, methods of handling materials, rain or running water.  Concrete shall be placed in such a manner as to prevent staining or splattering of completed work.  Self-supporting structures shall be protected from mechanical disturbances and shall not be loaded in such a manner as to overstress the concrete.

D.
No concrete shall be placed under water except by permission of the University.

E.
When ambient temperature is expected to exceed 80(F during placing or finishing operations, steps shall be taken in accordance with ACI 305, "Recommended Practices for Hot Weather Concreting", to reduce concrete temperature and water evaporation by proper attention to the ingredients, production methods, handling, placing, protection and curing. The Subcontractor shall submit a detailed hot weather concreting procedure to the A/E for approval at least two business days before concrete placement is planned. The Subcontractor's testing agency will produce trial batches in accordance with ACI 305. Slabs will be fog sprayed from the completion of screeding until curing is begun; the fog spray may be discontinued on sections during troweling.

F.
Pipes or conduits passing through structural concrete shall be sleeved.  Adjacent pipes or conduits, passing through foundation grade beams, shall be spaced not less than three diameters on center, unless acceptable to the Architect-Engineer.  Only items that are dimensionally located on the drawings may be embedded in structural concrete regardless of the trade responsible for placing them.

G.
Subcontractor is to verify locations and invert elevations of sleeves in grade beams and walls just prior to pouring concrete.

H.
Construct floor slabs with overall specified FF[30][]/FL[20][] and with minimum FF[30][]/FL[20][] for individual floor sections in accordance with ACI 302.1. Determination of FF/FL numbers will be in accordance with ASTM E 1155. The Subcontractor will take remedial measures when floor slabs do not meet specified requirements The Subcontractor’s plan for remedial measures shall be submitted to the University for review and approval.

3.06
TRANSPORTING

A.
Concrete shall be handled from the mixer to the place of final deposit as rapidly as practicable by methods which shall prevent the separation or loss of the ingredients.  It shall be deposited as nearly as practicable in its final position to avoid rehandling or flowing.  Concrete shall not be dropped freely where reinforcing bars will cause segregation, nor shall it be dropped more than four feet.  Spouts, elephant trunks or other acceptable means shall be used to prevent segregation.

B.
At the Subcontractor's option, concrete may be pumped from the transit mixer to place of deposit provided that mix design adjustments by the testing laboratory, equipment data and procedures are submitted by and at the expense of the Subcontractor and entire operation is acceptable to the Architect-Engineer in advance.  Pumps shall be adequate for the mix, aggregate size, and slump; and pump operators shall be experienced.

C.
Concreting, once started, shall be carried on as a continuous operation until the section of acceptable size and shape is completed.  Construction joints must be of acceptable detail and location.

D.
Concrete shall be so deposited as to maintain, until the completion of the unit, a plastic surface approximately horizontal.  No concrete shall be deposited that has started to set or stiffen.  The remixing of concrete which has begun to set will not be permitted.

E.
Concrete, when placed in walls, shall not be placed in layers exceeding two feet in depth.  Concrete shall not be dropped freely more than four feet.  Schedule of placing shall be such that no concrete shall take initial set before next layer is poured unless a regular construction joint is made.

F.
At least two hours must elapse after depositing the concrete in walls and pilasters before depositing the concrete in the supported beams or slabs.

G.
Subcontractor shall take extreme care not to displace reinforcing, inserts, anchor bolts, welding plates, or any other items called for to be embedded in concrete.

H.
Conveyors, trucks or buggies must be thoroughly cleaned after each placement.  Any concrete spilled on forms or reinforcing steel, in portions of structure not immediately concreted, shall be completely removed before concrete sets.

I.
Any interruption in placing of more than 60 minutes will be cause for shutting down the work and the wasting of any remaining mixed concrete in hoppers or mixers.  In case such interruption occurs, the Subcontractor shall provide construction joints, where and as directed, and cut concrete back to such line, cleaning forms and reinforcing as herein specified.

J.
A record shall be kept of the time and date of placing the concrete in each portion of the structure.  Such reports shall be kept until the completion of the structure and shall be open to the inspection of the University.

[K.
Concrete Deposited Under Water - If conditions render it impossible or inadvisable in the opinion of the University to dewater excavations before placing concrete, the subcontractor shall deposit underwater, by means of a tremie or a concrete pump, a seal course of concrete of sufficient thickness to thoroughly seal the in-flow. The concrete shall be carefully placed in a compact mass and shall not be disturbed after being deposited. Still water shall be maintained at the point of deposit until the concrete hardens, and then it shall be removed. A tremie shall consist of a watertight tube having a diameter of not less than 10 inches with a hopper at the top. When a batch is dumped into the hopper, the flow of concrete shall be induced by slightly raising the discharge end of the tremie, always keeping it in the deposited concrete. Concrete pump discharge tubes and tremie tubes shall be equipped with a device that will prevent water from entering the tube while charging the tube with concrete. The tubes shall be supported so as to permit free movement of the discharge end and to permit rapid lowering to retard the flow of concrete. The discharge end shall be completely submerged in concrete at all times. The flow shall be continuous so that the resulting concrete seal is monolithic.

The exact thickness of the seal will depend upon the hydrostatic head, and other related factors, but in no case shall the seal be less than 2 feet thick.]

3.08
COMPACTION

A.
Concrete shall be thoroughly compacted by puddling with suitable tools during placing, and thoroughly worked around the reinforcement, around embedded fixtures and into the corners of the forms.  In addition to manual spading and tamping, all concrete shall be internally vibrated with high speed mechanical vibrators operated under experienced supervision.  A mechanical vibrator shall be employed at each point of dump and standby vibrator in good working order, but not in use, shall be kept on the job until all concrete is placed.

B.
Vibration shall be only sufficient to minimize honeycombs and accomplish compaction of concrete.  Over-vibration and resulting loss of entrained air or excess of fines at the surface will not be allowed.  Concrete will not be transported by use of vibrators.

C.
Along the faces of the forms, suitable tools shall be used during the placement to force large particles away from the forms and bring mortar to the surface of the forms in order to obviate voids and air pockets.  The responsibility for providing fully filled out, smooth, clean and properly aligned surfaces shall rest entirely with the Subcontractor.

3.09
CONCRETE FINISHES

A.
Standard Smooth Finish:  

1. Provide standard smooth finish for all concrete formed surfaces that are to be exposed to view, or that are to be covered with a coating material applied directly to the concrete or a covering material bonded to the concrete such as waterproofing, dampproofing, painting or other similar systems.  Standard smooth finish shall be the as-cast concrete surface as obtained with the form facing material; with the defective areas repaired and patched as specified, and all fins and other projections on the surface completely removed and smoothed.
2.
Location:  [list all locations]

B.
[As-Cast Finish]:

1.
Smooth surfaces without texturing; remove fins and other projections.

2.
Location:  All surfaces not specified otherwise.

C.
[Float Finish]:

1.
Apply float finish to monolithic slab surfaces that are to receive trowel finish and other finishes as hereinafter specified, and as shown on the drawings or in schedules.

2.
After placing concrete slab, do not work the surface further until ready for floating.  Begin floating when the surface water has disappeared or when the concrete has stiffened sufficiently to permit the operation of a power-driven float, or by hand-floating if area is small or inaccessible to power units.  Check and level the surface plane to specified tolerances in not less than two different angles from a zero reference point.  Cut down high spots and fill low spots.  Uniformly slope surfaces to drains where shown on drawings.  Immediately after leveling, refloat the surface to a uniform smooth, granular texture.

3.
Location:  [list all locations]

D.
[Trowel Finish]:

1.
Apply a light, smooth trowel finish to monolithic slab surfaces that are exposed to view, or are covered with resilient floor covering, or are receiving an epoxy finish, or are receiving liquid hardener treatment.

2.
After floating, begin the first trowel finish operation using a power driven trowel.  Consolidate the concrete surface by the final hand trowelling operation, free of trowel marks uniform in texture and appearance and with a surface plane tolerance not exceeding 1/8-inch in ten feet when tested with a ten foot straightedge from a zero reference point.

3.
Location:  [list all locations]

E.
[Broom Finish]:

1.
After concrete has received floating finish specified above, provide light brushing perpendicular to traffic flow, or as directed by the University.

2.
Location:  [Exterior stair treads and landings; walkways; sidewalk pavements.] [Exterior slabs shall have rounded edges with 1/8-inch radius and 8-inch smooth wood float boarders.]

F.
[Sandblast Finish]:

1.
Perform sandblasting at concrete surfaces immediately after removal of forms.  Blast with suitable equipment and silica sands on hard angular sands to remove not more than 1/32-inch to 1/16-inch of the cement surface as necessary to achieve uniform texture.

2.
Location:  [specify all locations]

G.
[Textured Finish]:

1.
Form:  Liner textured concrete. Repair concrete surfaces as needed with epoxy mortar compound.  Repair shall not interrupt textured pattern.

H.
Slope all surfaces exposed to weather for drainage.

I.
No finish is required beyond screeding on uniformed surfaces to be covered by fill material.

3.10
APPLICATION OF CONCRETE FLOOR LIQUID HARDENER

A.
Apply to all interior concrete floors where indicated on the drawings.

B.
Concrete shall be cured for 28 days minimum and dry before applying hardener.

C.
Clean surface and remove all paint, grease, oil and other contaminants prior to application.

D.
Apply in three coats, first coat 1/3 strength, second coat 1/2 strength, and third coat 2/3 strength.  Evenly apply each coat, broom out the puddle and remove surplus from surface by squeegee.  Allow 24 hours for drying between coats.

3.11
CURING AND PROTECTION

A.
The requirements of this section may be modified only by the Structural Engineer of Record (SER) for the design. In those cases where the Structural Engineer of record is under subcontract to the Laboratory, approval by a Laboratory Structural Engineer is required prior to modification of the requirements of this section.

B.
Wheeling, working and walking on concrete shall be avoided for at least 24 hours after casting.  Protect concrete from sun and rain.  Do not permit concrete to become dry during curing period.  Concrete shall not be subjected to any loads until concrete is completely cured, and until concrete has attained its 28 day strength and [14 days minimum] [28 days minimum].

C.
Protect concrete during and after curing from damage during subsequent building construction operations.

D.
Cover traffic areas with plywood or other suitable means for as long as necessary to protect concrete from damage.

E.
Specific curing requirements for slabs shall include the following:  Immediately upon completion of finishing operation, the surface of slabs shall be sealed against moisture loss by the application of a curing blanket made of polyetheylene bonded to burlap in accordance with the manufacturer’s instructions. Alternatively, waterproof curing paper may be used with edges lapped and sealed with tape. The curing membrane shall be weighted down.  Tears and rips in curing membrane shall be repaired immediately during curing period.  Curing shall be maintained for [7] [14] [21] days.

F.
Specific curing requirements for walls, beams and columns shall include the following:  Concrete in forms shall be kept moist until removal.  Immediately upon removal of forms, an approved sprayed-on curing compound shall be applied to the concrete surfaces in strict compliance with the manufacturer's recommendations.  Curing shall be maintained for [7] [14] days.

G.
The following requirements apply to above grade monolithic concrete sections over three feet thick (except lean concrete):

1.
Ten days before placing concrete, the results of thermal test performed by the Subcontractor will be submitted to the University for approval.  Thermal test shall consist of a test specimen (three feet by three feet by three feet) of the proposed design mix for the thick section instrumented with thermocouples by the Subcontractor's testing agency and monitored for ten days to determine whether the heat of hydration exceeds 150°F.  If the heat of hydration exceeds 150°F, the mix design will be revised or standard aggregate cooling utilized and a second test cube of the same size cast and tested at no additional cost to the University.

2.
During construction of the thick section, the temperature gradient between the center and the surface of the section must not exceed 20°F during the first ten days of the controlled curing period.  Thermocouples shall be installed by the Subcontractor's testing agency in the center and six inches from the surface at a maximum of twenty foot intervals and at the corners.  The thermocouples are to be monitored continuously by the Subcontractor's testing agency and, if the temperature gradient reaches 15°F, insulating blankets of sufficient thickness to limit the temperature gradient to 20°F shall be placed over the surfaces.  On surfaces with protruding reinforcing, such as the top of a wall, loose insulation will be used.

3.12
DEFECTIVE CONCRETE AND REPAIRS

A.
Immediately after removing forms and prior to any patching, all concrete surfaces shall be examined by the University Inspectors for surface defects.

B.
Concrete shall be considered defective for the following reasons:

1.
Failure of finished concrete profiles, and dimensional tolerances, to conform to the requirements specified for Formwork of this Specification.

2.
Failure to meet the specified cylinder strength requirements set forth in Paragraph 16.5.1 of ASTM C94, "Ready Mix Concrete."

3.
Concrete showing cracks, pour joints, rock pockets, voids, spalls, honeycomb or defects that adversely affect the structural adequacy of the concrete.

C.
All defective concrete shall be subject to removal and replacement by the Subcontractor, at his expense, unless it is determined by the Architect-Engineer that it can be patched as specified below or that the location of this defective concrete is not detrimental to the function and the appearance of the structure.  Shore defective concrete where necessary during repairs as directed by the University.

3.13
REPAIR OF SURFACES

A.
Do not repair defective surfaces until they have been inspected and the proposed repair method has been approved by the University. Repair all formed concrete surfaces that contain defects which adversely affect the quality and appearance of the concrete.  Defective areas shall be removed down to sound concrete, minimum of one inch, with the edges perpendicular to the surface.  Repaired surfaces must match adjacent concrete in form, texture and color.  Test samples should be made prior to repairing concrete and accepted by the University.  Remove and replace the concrete having defective surfaces if the defects cannot be repaired to the satisfaction of the University.  Surface defects, as such, include color and texture irregularities, cracks, spalls, air bubbles, honeycomb, rock pockets and holes left by tie rods and bolts, fins and other discolorations that cannot be removed by cleaning.

B.
All form tie holes in all concrete surfaces shall be plugged, using the specified plugs set in waterproof adhesive to effectively seal form tie metal from moisture.

3.14
ROCK BASE AND VAPOR BARRIER

A.
A free-draining rock base is required under all concrete slabs-on-grade of a depth as shown on the drawings but not less then four inches.

B.
Vapor barrier shall be placed on the rock base under all interior building slabs, and shall be continuous under construction joints.  The edges of vapor barrier shall be lapped and taped and all projections through it shall be taped and sealed.

C.
The vapor barrier shall be covered with a two inch sand cover.  At time of placing concrete, the sand shall be damp but excess water shall not be trapped on the top of the vapor barrier.

3.15
FIELD QUALITY CONTROL

A.
In addition to the information specified in ASTM C94, "Ready Mix Concrete," to be provided on each delivery ticket, provide the following on the same ticket:

1.
Reading of the revolution counter at the first addition of aggregate to the mixer.

2.
Times of day at which cement and aggregates are first intermingled and at which water is added.

3.
Signature or initials of the ready mix representative.

4.
Type, brand and amount of cement.

5.
Amount of water added at the batch plant.

6.
Weights of fine and coarse aggregate.

7.
Amount of water added, if any, at the jobsite.

8.
Maximum size aggregate.

B.
Clean up

1.
Remove from the site all debris resulting from the work of this Section.
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