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	SECTION 03 30 00

	CAST-IN-PLACE CONCRETE
(Note to designer:  This specification should be reviewed in entirety to assure compliance with design, 
i.e.- concrete strength for various classes listed in article 2.02)


PART 1	GENERAL

1.01 DESCRIPTION

A. This section specifies cast-in-place concrete which consists of furnishing all material, mixing and transporting equipment, and performing all labor for the proportioning, mixing, transporting, placing, consolidating, finishing, and curing of concrete in the structure. 

1.02 QUALITY ASSURANCE

A. QUALITY CONTROL:

1. To demonstrate conformance with the specified requirements for cast-in-place concrete, the CITY will provide the services of an independent testing laboratory in accordance with section 01 45 29 of the Specifications.  Concrete Testing shall be in accordance with ASTM C-94.

B. BASIS FOR QUALITY:

1. Cast-in-place concrete shall conform to the requirements of ACI 301, except as modified herein.

C. REFERENCES:

1. This section contains references to the following documents.  They are a part of this    section as specified and modified.  Where a referenced document contains references to other standards, those documents are included as references under this section as if referenced directly.  In the event of conflict between the requirements of this section and those of the listed documents, the requirements of this section shall prevail.

2. Unless otherwise specified, references to documents shall mean the documents in effect at the time the construction documents were signed and sealed.  If referenced documents have been discontinued by the issuing organization, references to those documents shall mean the replacement documents issued or otherwise identified by that organization, or if there are no replacement documents, the last version of the document before it was discontinued.  Where document dates are given in the following listing, references to those documents shall mean the specific document version associated with that date, regardless of whether the document has been superseded by a version with a later date, discontinued, or replaced.

	Reference
	Title

	AASHTO T210
	Standard Method of Test for Aggregate Durability Index

	ACI 211.1
                          
ACI 214
	Standard Practice for Selecting Proportions for Normal, Heavy Weight and Mass Concrete
Evaluation of Strength Test Results of Concrete

	ACI 301
	Specifications for Concrete Construction

	ACI 305.1
	Specification for Hot Weather Concreting

	ACI 306.1
	Standard Specification for Cold Weather Concreting

	ACI 318
	Building Code Requirements for Structural Concrete

	ACI 350.1
	Tightness Testing of Environmental Engineering Concrete Structures

	ASTM C31
	Standard Practice for Making and Curing Concrete Test Specimens in the Field

	ASTM C33
	Standard Specifications for Concrete Aggregates

	ASTM C39
	Standard Test Method for Compressive Strength of Cylindrical Concrete Specimens

	ASTM C40
	Standard Test Method for Organic Impurities in Fine Aggregate for Concrete

	ASTM C42
	Standard Test Method for Obtaining and Testing Drilled Cores and Sawed Beams of Concrete

	ASTM C88
	Standard Test Method for Soundness of Aggregates by Use of Sodium Sulfate or Magnesium Sulfate

	ASTM C94
	Standard Specification for Ready-Mixed Concrete

	ASTM C117
	Standard Test Method for Materials Finer Than 75-m (No. 200) Sieve in Mineral Aggregates by Washing

	ASTM C131
	Standard Test Method for Resistance to Degradation of Small-Size Coarse Aggregate by Abrasion and Impact in the Los Angeles Machine

	ASTM C136

ASTM C138
	Standard Test Method for Sieve Analysis of Fine and Coarse Aggregates
Standard Test Method for Density (Unit Weight), Yield, and Air Content (Gravimetric) of Concrete

	ASTM C142
	Standard Test Method for Clay Lumps and Friable Particles in Aggregates

	ASTM C143
	Standard Test Method for Slump of Hydraulic-Cement Concrete 

	ASTM C150
	Standard Specification for Portland Cement

	ASTM C157
	Standard Test Method for Length Change of Hardened Hydraulic-Cement Mortar and Concrete

	ASTM C172
	Standard Practice for Sampling Freshly Mixed Concrete

	ASTM C231
	Standard Test Method for Air Content of Freshly Mixed Concrete by the Pressure Method

	ASTM C260
	Standard Specification for Air-Entraining Admixtures for Concrete

	ASTM C309
	Standard Specification for Liquid Membrane-Forming Compounds for Curing Concrete

	ASTM C494
	Standard Specification for Chemical Admixtures for Concrete

	ASTM C595
	Standard Specification for Blended Hydraulic Cements

	ASTM C618
	Standard Specification for Coal Fly Ash and Raw or Calcined Natural Pozzolan for Use in Concrete

	ASTM C881
	Standard Specification for Epoxy-Resin-Base Bonding Systems for Concrete

	ASTM C989
	Standard Specification for Slag Cement for Use in Concrete and Mortars

	ASTM C1059

ASTM C1064
	Standard Specification for Latex Agents for Bonding Fresh to Hardened Concrete
Standard Test Method for Temperature of Freshly Mixed Hydraulic-Cement Concrete

	ASTM C1567
	Standard Test Method for Determining the Potential Alkali-Silica Reactivity of Combinations of Cementitious Materials and Aggregate (Accelerated Mortar-Bar Method)

	ASTM D75
ASTM D994
	Standard Practice for Sampling Aggregates
Standard Specification for Preformed Expansion Joint Filler for Concrete (Bituminous Type)

	ASTM D2419
	Standard Test Method for Sand Equivalent Value of Soils and Fine Aggregate

	ASTM E329
	Standard Specification for Agencies Engaged in Construction Inspection, Testing, or Special Inspection

	CRD-C572
	U.S. Corps of Engineer’s Specifications for Polyvinylchloride Waterstop

	OBC
	Ohio Building Code




1.03 SUBMITTALS

A. The following information shall be provided in accordance with Section 01 33 00:

1. Each proposed mix design showing:
a. The expected strength
b. Corresponding slump before and after the introduction of mid- or high-range water-reducing admixtures
c. Weights and test results of the ingredients
d. Control test data
e. Other physical properties necessary to review each mix design for conformance with these specifications

Mix design proposed shall be sealed by a Professional Engineer registered in the State of Ohio and are subject to review and approval by the ENGINEER.

2. Product literature and technical data for aggregates, cement, and supplementary cementitious materials (SCM).  

3. Product literature, technical data and dosage of all proposed admixtures including, but not limited to, air entraining, water reducing and/or retarding admixtures.

4. Anticipated average delivery time from batch plant to site.  If this time exceeds the limit specified in paragraph 3.02, include proposed method to extend set time without deleterious effects on final product.  The CITY reserves the right, in their sole discretion, to accept or reject such proposed methods.

5. Curing program description in sufficient detail to demonstrate acceptable strength, finish and crack control as specified.

6. Product literature and technical data for waterstops, curing compounds, bonding compounds, surface sealers and hardeners.

7. Report of the most recent inspection of testing laboratory facilities by the Cement and Concrete Reference Laboratory of the National Bureau of Standards.  The report shall note deficiencies mentioned in the report of that inspection have been corrected.  The evidence of inspection shall be provided prior to beginning the work of this section.

PART 2	PRODUCTS

2.01	MATERIALS

A. CEMENT:

1. Portland cement shall conform to ASTM C150, Type II or blended cement shall conform to ASTM C595. Limit the calculated alkali loading using equivalent alkali content of cement to 3.0 pounds per cubic yard where specified to minimize the potential for deleterious alkali-silica reaction (ASR).

B. AGGREGATES:

	GENERAL:  Except as modified herein, fine and coarse aggregates shall conform to ASTM C33, Class Designation 4S. Fine and coarse aggregates shall be regarded as separate ingredients.  Aggregates shall be non-reactive and shall be washed before use.

1. Tests for size and grading of fine and coarse aggregates shall be in accordance with ASTM C136.  Combined aggregates shall be well and uniformly graded from coarse to fine sizes to produce a concrete that has optimum workability and consolidation characteristics.  The final combined aggregate gradation shall be established during the design mix.

When sources of aggregates are changed, test reports shall be provided for the new material.  The tests specified shall be performed prior to commencing concrete work.

2. FINE AGGREGATE:  Fine aggregate shall be hard, dense, durable particles of either sand or crushed stone regularly graded from coarse to fine.  Gradation shall conform to ASTM C33.  For classes of concrete which will be used in liquid retaining structures, fine aggregate shall not exceed 40 percent by weight of combined aggregate total, except for concrete with coarse aggregate of less than maximum size 1/2 inch.

Variations from the specified gradations in individual tests will be acceptable if the average of three consecutive tests is within the specified limits and the variation is within the permissible variation listed below:

	U.S. standard sieve size
	Permissible variation in individual tests, percent

	30 and coarser
	2

	50 and finer
	0.5



Other tests shall be in accordance with the following specifications:

	Test
	Test method
	Requirements

	Amount of material 
	ASTM C117
	3 percent passing No. 200 sieve maximum by weight

	Reactivity
	ASTM C1567
	 Less than 0.10% expansion in 14 days

	Sand equivalent
	ASTM D2419
	Minimum 75



3. COARSE AGGREGATE:  Coarse aggregate shall be hard, angular (not river washed), dense and durable gravel or crushed rock free from injurious amounts of soft and friable particles, alkali, and organic matter.  Other deleterious substances shall not exceed the limits listed in ASTM C33, Table 4.  Gradation of each coarse aggregate size specified in paragraph 03 30 00-2.02 A shall conform to ASTM C33, Table 3.

Before and during field trial mixes, the CONTRACTOR may make minor adjustments to the above gradation to produce the specified concrete.

During progress of the work, variations from the specified gradations will be acceptable in individual tests if the average of three consecutive tests is within the specified limits.

Other tests shall be in accordance with the following specifications:

	Test
	Test method
	Requirements

	Durability index
	AASHTO T210
	Minimum 75

	Soundness
	ASTM C88
	10 percent maximum loss with sodium sulfate

	Amount of material
	ASTM C117
	1.0 percent maximum passing No. 200 sieve by weight

	Abrasion
	ASTM C131
	35 percent maximum loss after 500 revolutions in Los Angeles machine

	Clay lumps and friable particles
	ASTM C142
	4.5 percent maximum by weight

	Reactivity
	ASTM C1567
	Less than 0.10% expansion in 14 days.



C. SUPPLEMENTARY CEMENTITOUS MATERIALS:

1. Supplementary cementitious materials (SCM) may be either a pozzolan or slag cement, as follows:  
a. Pozzolans shall conform to ASTM C618, either Class N natural pozzolan, or Class F fly ash. Fly ash pozzolan shall contain less than 4 percent by weight sulfur trioxide. 
b. Slag cement shall conform to ASTM C989, either Grade 100 or Grade 120.
c. Use SCMs of the type proposed for use in the work and, if available, from the mill proposed as the source of the SCM.

D. ADMIXTURES:

1. [bookmark: _Hlk65067188][bookmark: _Hlk65066871]GENERAL:  Admixtures shall be compatible with the concrete and with each other.  Calcium chloride or admixtures containing calcium chloride are not acceptable.  Admixtures shall be used in accordance with the manufacturer's recommendations and shall be added separately to the concrete mix.

2. Chemical admixtures for AIR ENTRAINMENT shall conform to ASTM C260.  Chemical admixtures for WATER REDUCTION, for SET ACCELERATION or RETARDATION, or for SHRINKAGE REDUCTION shall conform to ASTM C494.  Candidate manufacturers include Master Builders Solutions; GCP Applied Technologies; Sika Chemical Corp.; Euclid Chemical Co.; or approved equal. 

E. WATER:

1. Water for washing aggregate, for mixing and for curing shall be potable. Additionally, water used for curing shall not contain an amount of impurities sufficient to discolor the concrete.

F. CORROSION-INHIBITING ADMIXTURES:

1. Corrosion-inhibiting admixture shall be calcium nitrite solution containing minimum of 30 percent calcium nitrite. Admixture shall be added at dosage rate of 5 gallons per cubic yard of concrete. (note to specifier- the dosage shown above is a standard dosage. The EOR should adjust to fit the requirements of your project.)

2. Product and Manufacturer: Provide one of the following:
a. DCI or DCI-S, by Grace Construction Products.
b. Rheocrete CNI, by Master Builders, Inc.
c. Eucon CIA, by Euclid Chemical Company.
d. Or approved equal.

3. Adjust quantity of mix water to account for water portion of calcium nitrite solution.

4. Provide retarding admixtures as required, if set time is accelerated.


2.02	CONCRETE CHARACTERISTICS

A. MIX PROPORTIONING:

1. Concrete shall be normal weight concrete composed of specified cement, SCM, admixtures, aggregates and water proportioned and mixed to produce a workable, strong, and dense concrete.  The CONTRACTOR may substitute a blended cement conforming to ASTM C595.  SCMs may be omitted in concrete exposed to normal atmospheric conditions and concrete not in contact with the ground or liquid.  Water/cement ratio is based on the combined contents of cement and SCMs in a given mix proportion.

2. Concrete shall be provided in accordance with the following:

	Concrete class
	ASTM coarse aggregate size
	Minimum Cementitious content (lb/cy)
	Maximum water/ cementitious ratio
	SCM, percent by weight of cementitious materialsa
	Air content (percent)
	Minimumb 28-day compressive strength, psi
	
Slump Range
min-max/admixg
(inches)

	
	
	
	
	Fly ash
	Slag
	
	
	

	A
	2
	564
	0.42
	18-25
	40-50
	5.5c
	4500
	1-2/4

	B
	467d
	564
	0.45
	18-25
	40-50
	5.5c
	3000
	3-4/5

	C-1
	467d
	564
	0.40
	18-25
	40-50
	5.5c
	4500
	3-4/5

	D-1
	8
	600
	0.42
	0
	0
	0
	4000
	2.5-3.5/5

	D-2
	8
	752
	0.40
	18-25
	40-50
	4.5-7.5
	4500
	3-4.5/6

	Ee
	467d
	--
	--
	18-25f
	40-50
	0
	2000
	4-8/8


____________________
		a	SCM content shall be included in cementitious fraction.
		b	Compressive strength shall be determined at the end of 28 days based on test cylinders 			made and tested in accordance with ASTM C39.
		c 	Plus or minus 1.5 percent.  Adjust as required for floors to receive monolithic finish.
d	ASTM C33 coarse aggregate gradation No. 57 may be substituted at CONTRACTOR’s option.
e	Concrete encasement for electrical conduit shall contain 3 pounds of red iron oxide pigment per sack of cement.
		f	SCM use optional for this class of concrete.
		g	Min and max represent slump due to water only.  Admix refers to recommended maximum 			slump for the mix after the incorporation of water reducing admixtures.
 

B. USE:

Concrete shall be provided by class for the corresponding use listed as follows:

	Type of use
	Class of concrete

	Concrete greater than 18 inches thick
	A

	Mass Concrete
	Designer Specified

	Sitework, non-structural concrete (sidewalks, curbs, pavers, etc.)
	B

	Typical cast-in-place structural concrete
	C-1

	Topping concrete
	D-1

	Wall starter course
	D-2a

	Pipe bedding and encasement, electrical conduit encasement (duct banks) and concrete fill
	E


____________________
a	CONTRACTOR has the option to submit an alternate C-1 mix design in place of the D-2 mix. The alternate C-1 mix shall meet all requirement of the C-1 mix above but require the use of a high-range water reducer and a slump of 7” +/- 2”. 

C. CONTROL TESTS:

1. GENERAL:  Before beginning concrete work, the CONTRACTOR shall determine the proper proportions of materials for each class of concrete.  The mix shall consist of specified cement, SCM, admixtures, aggregate and water.  Methods for selecting and adjusting proportions of the ingredients shall be in accordance with ACI 211.1.  Verification of mix characteristics for submittal may be achieved using either the Batch Plant Mix Design method for all classes of concrete or Historical Data method for concrete class B, D-1, and E in accordance with ACI 318 and ACI 301.  Concrete shall not be placed in the field prior to review and acceptance of mix proposed.

2. BATCH PLANT MIX DESIGN:  Each class of concrete and/or mix verified by this method shall be manufactured in a minimum of 4 cubic yard quantity at the batch plant which will supply concrete to the project.  Testing, data and reporting shall conform to ACI 318, ACI 301 and as indicated.  At a minimum, twelve standard test cylinders shall be cast, and standard cured as specified in ASTM C31 for each mix.  Four cylinders from each batch shall be tested at age 7 days, 14 days, and 28 days, or as required to comply with ACI 318 and ACI 301 and demonstrate an acceptable mix is proposed for use.  Additional cylinders may be cast and tested at 56 days at the option of the manufacturer; however, specified compressive strength evaluation will be based on 28-day results only.  

3. HISTORICAL DATA:  When sufficient historical data for a particular mix design is available which is identical or substantially similar to that proposed for use, CONTRACTOR may substitute use of this data in lieu of a laboratory mix design.  Historical data, reports and analysis shall conform to ACI 318 and ACI 301 except as modified herein.  Historical mix design proportions for which data are submitted may vary from the specified mix within the following limits: 

a. f’c as specified or up to 500 psi above
b. W/C ratio as specified or lower
c. SCM content within 10 percent of that specified
d. Maximum coarse aggregate size may not vary smaller, but gradation of coarse aggregate may vary
e. Fine aggregate fraction within +0/-5 percent of that specified
f. Slump after introduction of admixtures +0/-1 inch 

Use of historical mix design data does not allow modification of the project mix specifications herein without the express review and acceptance of the CITY.	

4. SHRINKAGE: Process structures are required to be watertight. Shrinkage shall be verified as described below.

5. Concrete shall not be placed in the field prior to acceptance of the mix designs and laboratory test results.

D. SHRINKAGE TEST

1. Drying shrinkage tests shall be performed for the required concrete classes.

2. Drying shrinkage specimens shall be 4-inch by 4-inch by 11-inch prisms and fabricated, cured, dried and measured in accordance with ASTM C157, modified as follows.

a. Specimens shall be removed from molds at an age of 23 hours, plus or minus one hour, after trail batching, and shall be placed immediately in water at 70 degrees F, plus or minus 3 degrees F, for at least 30 minutes. 

b. Specimens shall be measured within 30 minutes thereafter to determine original length and then shall be submerged in saturated lime water at 73 degrees F, plus or minus 3 degrees F. 

c. Measurement to determine expansion expressed as a percentage of original length shall be made at age 7 days. 

d. This length at age 7 days shall be the base length for drying shrinkage calculations (“0” days drying age).

e. Specimens then shall be stored immediately in a humidity control room maintained at 73 degrees F, plus or minus 3 degrees F, and 50 percent relative humidity, plus or minus 4 percent, for the remainder of the test. 

f. Measurements to determine shrinkage, expressed as percentage of base length, shall be performed and reported separately for 7, 14, 21, and 28 days of drying after 7 days of moist curing.

3. The drying shrinkage deformation of each specimen shall be computed as the difference between the base length (at "0" days drying age) and the length after drying at each test age.

4. The average drying shrinkage deformation of the specimens shall be computed to the nearest 0.0001 inch at each test age.

5. If the drying shrinkage of any specimen departs from the average of that test age by more than 0.0004 inch, the results obtained from that specimen shall be disregarded.

6. Results of the shrinkage test shall be reported to the nearest 0.001 percent of shrinkage.

7. Compression test specimens shall be taken in each case from the same concrete used for preparing drying shrinkage specimens. 

8. These tests shall be considered a part of the normal compression test for the project.  

9. Maximum allowable shrinkage limitations shall be as follows:

a. The maximum concrete shrinkage for specimens cast in the laboratory from the trial batch, as measured at 21-day drying age or at 28-day drying age, shall be 0.036 percent or 0.042 percent, respectively. 

b. Standard deviation will not be considered.

10. If the required shrinkage limitation is not met the CONTRACTOR shall take any or all of the following actions to establish compliance.

a. Changing the source of aggregates, cement and/or admixtures.

b. Reducing water/cement ratio.

c. Washing of coarse and/or fine aggregate to reduce fines.

d. Other actions to minimize shrinkage or the effects of shrinkage.

2.03	WATERSTOPS

A. POLYVINYL CHLORIDE (PVC):

PVC waterstops shall be manufactured from virgin polyvinyl chloride conforming to the Corps of Engineers Specification No. CRD-C572.  Unless otherwise specified or noted on the drawings, waterstops in construction joints shall have a minimum 6-inch flat center/ribbed sides/0.375 inch thick, as per Greenstreak 679, Vinylex R6-38, or approved equal.  Waterstops in expansion joints or contraction joints shall be 9 inch center-bulb/ribbed sides/0.375 inch thick, Greenstreak 696, Vinylex RLB9-38, or approved equal. (note to specifier – previous highlighted section of specification should be carefully reviewed and modified for each particular job).

B. EXPANDING (ADHESIVE) (HYDROPHILIC) WATERSTOPS:

Expanding waterstops shall be bentonite-free and made from unvulcanized rubber.  Acceptable products include SikaSwell or SikaSwell Profile by SIKA, and Ultra Seal by Adeka.  Equivalents approved by the CITY are acceptable.  These are allowable for use only where indicated on the drawings or accepted in writing by the CITY.  Provide adhesive approved by the waterstop manufacturer where required due to geometry, irregular surface conditions, or as recommended by the manufacturer.  Unless otherwise shown on the drawings, use Adeka Ultra Seal MC-2010MN where 3/8” x ¾” waterstops are called for and Adeka Ultra Seal MC-2005T where 3/16” x ¾” waterstops are called for. Both of these waterstops MUST be placed between two mats or curtains of steel reinforcement. Where only one mat or curtain of reinforcement is present, use Adeka Ultra Seal KBA-1510FP.

2.04	SEALANTS AND JOINT FILLERS

A. Sealants shall be polyurethane, 2 components, conforming to Federal Specification # TT-S-00227E, Type I, Class A.  Acceptable products include Sikaflex 2C-SL, Sikaflex 2C-NS, Sonneborn Sonolastic SL-2, or approved equal.  Sealants shall be applied in accordance with the manufacturer’s instructions.

B. Preformed joint fillers shall be asphalt fiberboard in accordance with ASTM D994 and shall be ½ inch thick unless otherwise shown on the Drawings.

2.05	BONDING COMPOUNDS

A. Epoxy resin bonding compounds to be used for wet areas shall conform to ASTM C881 Types IV or V, Class A, B, or C depending on temperature at use, and Grade to suit geometry and installation circumstances. Acceptable products include: Degussa Building Systems, Concresive Paste SPL or 1490 as applicable; Sika Chemical Corporation Sikadur 35 or Sikadur 32, as applicable; or approved equal.

B. Non-epoxy bonding compounds may be used in dry areas for non-structural bonding or as specifically noted on the Drawings only and shall conform to ASTM C1059 Type II. Acceptable products include: Burke by Edoco, Acrylic Bondcrete; ChemMasters, Cretelox; or approved equal.

C. Bonding compounds shall be applied in accordance with the manufacturer’s instructions.

2.06	CHEMICAL GROUT FOR CRACK INJECTION

A. Chemical (hydrophobic polyurethane) grout shall be used at the ENGINEER’s discretion as an alternative to the injection of the epoxy grout for sealing crack and voids in structures intended to be watertight.  Chemical grout shall be De Neef "Hydro Active Cut" by De Neef Construction Chemicals or SikaFix HH by Sika Corporation, or approved equal.  

B. Chemical grout injection tube system, if shown on the drawings, shall be De Neef "Injecto
System" by De Neef Construction Chemicals or approved equal.  



2.07	CURING AND SEALING COMPOUNDS

A. Curing and sealing compound shall be Degussa Building Systems, Masterseal; Sonneborn, Kure and Seal; A. C. Horn Inc., Horn Clearseal EM180; Burke Company Spartan-Cote WB Cure Seal Hardner; or approved equal, conforming to ASTM C309.  
B. Curing compound shall be clear and shall be applied in accordance with the manufacturer’s instructions, except as otherwise specified.  Curing and sealing compound shall be certified compliant with final finish systems.
C. Curing compound for use in potable water storage and conveyance structures shall be NSF 61 approved. Provide only resin curing compound Euclid Chemical Company “Pliocure”, Unires 150, or approved equal by the CITY. (note to specifier – previous highlighted section of specification should be reviewed and modified for each particular job).
2.08	PRODUCT DATA

The following product data shall be provided in accordance with Section 01 33 00.

A. MANUFACTURER’S DATA:

Copies of manufacturer’s data shall be provided for the following:
1. Cement
2. As-delivered concrete strength, slump, temperature, and air content
3. Final laboratory report.

B. READY-MIXED CONCRETE TRUCK DELIVERY TICKETS:

1. Each load of ready-mixed concrete delivered to the job site shall be accompanied by a delivery ticket showing the information listed in ASTM C94, Section 16.

PART 3	EXECUTION

3.1 GENERAL

A. The ENGINEER is defining the quality of cast-in-place concrete by specifying in this part some of the means, methods, techniques, sequences, and procedures for construction of cast-in-place concrete.  The CONTRACTOR, without relinquishing authority and responsibility for supervision and direction of the Work, agrees to follow the specified means, methods, techniques, sequences, and procedures.

B. Examine the substrate and conditions under which the Work will be performed and notify CITY and ENGINEER in writing of unsatisfactory conditions. Do not proceed with the Work until unsatisfactory conditions have been corrected.

3.02	CONCRETE

A. Concrete shall be truck-mixed, ready-mixed concrete conforming to the applicable portions of ASTM C94.  Materials shall be proportioned by weighing.  SCMs, when used, shall be introduced into the mixer with cement and other components of the concrete mix; cement and SCMs shall not be introduced into a wet mixer ahead of other materials or with mixing water.  Water shall be introduced at the time of charging the mixer; additional water may be introduced within 45 minutes from charging the mixer, provided the specified slump and the maximum water-to-cementitious material ratio are not exceeded; the CONTRACTOR shall be responsible for producing concrete of the specified characteristics. 

B. CITY’s representative shall arrange with the testing laboratory for inspection as required to comply with these Specifications.

C. Concrete shall be delivered to the site and discharge shall be completed after introduction of water to the mixture within the time requirements of ODOT article 499.08 (2013 version).  Extension of allowable time beyond this limit requires a CONTRACTOR proposed remedial action plan to be reviewed and accepted by the CITY.  During the allowed discharge and placement time after introduction of water to the mixture the temperature of the mixture shall be maintained below 95 degrees F.

3.03	CONVEYING AND PLACING CONCRETE

A. CONVEYING CONCRETE:

1. Concrete shall be conveyed from the mixer to the forms in accordance with ACI 301 and ACI 304.  Concrete which has segregated in conveying shall be removed from the site of the work.

B. PLACING CONCRETE:

1. GENERAL:  Concrete shall be placed in accordance with ACI 301 and ACI 304 as applicable.

2. PLACING CONCRETE BY PUMPING:  Concrete may be placed by pumping at CONTRACTOR’s discretion.  Use of pumping shall not, however, be a cause to change or relax specified mix design characteristics, in particular coarse aggregate size and gradation. The CONTRACTOR shall coordinate with the CONCRETE PRODUCER related to concrete placed by pumping, as applicable.

Slump shall be measured at the hose discharge, except as follows.  Initial slump testing in each pour shall occur at both the pumping unit inlet hopper and hose discharge.  Slump loss in pumping, measured between the inlet hopper and the hose discharge, shall not exceed 1 inch.  After this criteria has been satisfied, slump may be measured at the inlet hopper with allowable slump increased by the earlier measured difference, not to exceed 1 inch.

Before starting each pumping operation, the pump and line shall be primed with a cement slurry to lubricate the system.  Cement slurry shall be wasted outside the forms.  Hose tip shall be equipped with a safety chain for recovery in case of hose blowout during pumping, and in no case shall hose or accessories remain in the freshly placed concrete.

Proper tremie placing techniques and equipment shall be used for all pump placed concrete.  Pump discharge system shall remain full of concrete from pump to discharge point at all times.  Concrete pumping shall not occur until ENGINEER has verified that the proper equipment is available, in particular, the tremie plug.  Should the discharge line become open, with significant zones empty of concrete, then the pumping shall cease and the line re-primed with tremie plug installed before continuing the pour.

3. PLACING CONCRETE IN HOT WEATHER:  In hot weather (above 85 degrees F), concrete shall be placed in accordance with ACI 305.1.

4. PLACING CONCRETE IN COLD WEATHER:  In cold weather (below 45 degrees F), concrete shall be placed in accordance with ACI 306.1.

5. STARTER COURSE AT WATERSTOPS:  When placing concrete in wall forms for water retaining structures and which have a waterstop at the bottom of the form, a starter course of Class D-2 concrete shall be placed to a depth of approximately twelve (12) inches and thoroughly consolidated.  Subsequent lift(s) of concrete shall be placed onto this starter course within ten (10) minutes of the starter course placement, and the two lifts shall be thoroughly consolidated together to result in a dense, continuous, watertight structure with no cold joint.  CONTRACTOR shall provide adequate pumping and consolidating equipment and personnel to achieve the time limit specified herein.

C. CONSOLIDATING CONCRETE:

1. Concrete shall be consolidated in accordance with ACI 301.  Concrete placing shall be suspended if proper consolidation is not being secured until proper consolidation can be achieved.  For wall pours in excess of eight (8) feet tall by fifteen (15) feet long, two consolidation devices each with a two-man crew shall be utilized, minimum.

3.04	CURING AND SEALING

A. GENERAL:

1. Concrete curing shall be completed by water curing or by using a clear membrane, curing compound, or by a combination of both methods.  Repairs or treatment of concrete surfaces shall be coordinated so that interruption of the curing will not be necessary.

2. Concrete surface temperature shall be maintained between 50 degrees F and 100 degrees F for at least 5 days.  Curing concrete in hot weather (above 85 degrees F) shall be in accordance with ACI 305.1.  Curing concrete in cold weather (below 45 degrees F) shall be in accordance with ACI 306.1. (note to specifier- if desired, substitution of ODOT curing requirement per article 511.14 of ODOT 2013 specification could be edited as a replacement curing reference) 

B. WATER CURING:

1. When water curing is used, concrete shall be kept wet continuously for a minimum of 10 days after placement.  Absorptive mats or fabric may be used to retain moisture during the curing period.

2. Unless otherwise specified, water curing shall be used in hot weather for water containment structures.  Forms shall be covered and kept moist.  The forms shall be loosened, as soon as possible without damage to the concrete, and provisions made for curing water to run down inside them.  During form removal, care shall be taken to provide wet cover to newly exposed surfaces.  

C. CURING COMPOUND:

1. When curing compound is used, it shall be applied as soon as the concrete has set sufficiently so as not to be marred by the application or immediately following form removal for vertical and other formed surfaces.  Preparation of surfaces, quantities used, application procedures, and installation precautions shall be followed in strict compliance with the manufacturer’s instructions.

2. Curing compound shall not be used on concrete surfaces to be coated, waterproofed, moisture proofed, tiled, roofed, or where other coverings are to be bonded, unless the curing compound is compatible with the final finish covering or it is removed prior to covering.

3.05	PROTECTION

A. Concrete shall be protected from injurious action by sun, rain, flowing water, frost and mechanical injury, and shall not be allowed to dry out from the time it is placed until the expiration of curing periods.

B. Steel troweled slabs shall be protected with craft paper, 6 mil thick polyethylene membrane, or other similar waterproof material for at least 2 weeks after placement. Joints between adjacent strips of the paper shall be sealed.  (note to specifier- this requirement is for INTERIOR finished floors and should not be retained in specification of exterior troweled slabs).  

C. Float or broom finished slabs need be protected after curing only in areas subject to damage during construction.

D. Arrangements for covering, insulating, and protecting concrete in cold weather shall be in accordance with ACI 306.1.

3.06	CONSTRUCTION JOINTS

A. GENERAL:

1. Concrete in each unit of construction shall be placed continuously.  Before new concrete is placed on or against concrete which has set, forms shall be retightened and the surface of the set concrete shall be cleaned of foreign matter.  Watertight joints shall be provided as specified in paragraph 03 30 00-3.09.

B. CONSTRUCTION:

1. Construction joints shall be formed as specified on the Drawings, or as per technical submittals reviewed by the ENGNEER.  Where noted on the plans, a rough surface of exposed concrete aggregates shall be produced at joints and no further than 1” away from the noted joints.  A rough surface of exposed aggregate may also be produced by sandblasting followed by high pressure water jetting.  Sandblasting, if used, shall remove 1/8 inch of laitance film and shall expose coarse aggregate to ensure adequate bond and watertightness at the construction joints.  Alternatively, a surface retardant may be used as per the manufacturer’s recommendations.

C. LOCATIONS:

Construction joint locations shall be as shown on the plans or in an acceptable pattern conforming to the following requirements and submitted for review by the ENGINEER as a technical submittal.  (note to specifier- the CITY’s preference is to have construction joints shown on the plans)

1. Walls exceeding 50 feet in length shall be cast in panels not to exceed 30 feet in length.  Where the number of panels is three or more, the panels shall be cast in an alternating pattern, unless 5 days have elapsed between casting of adjoining panels.  Joints are not allowed within the lesser of 10 feet or 25 percent of the wall length from any corner unless specifically detailed thus on the Drawings.

2. Slabs panels shall be cast in checkerboard patterns not to exceed 40 feet in length and not to exceed 900 square feet in area, with maximum 1 ½ to 1 ratio of side lengths.  Minimum lapsed time between placing adjacent panels shall be 72 hours.  This requirement may be waived if slab joints are specifically detailed on the Drawings, both plan for locations and in detail for construction.

3. With approval of the ENGINEER, non-water retaining floor slabs-on-grade with a single reinforcing mat centered in the slab may utilize sawcut control joints as detailed on the Drawings.  For cases not detailed, stop half of the typical reinforcing crossing joint locations, provide trim bars each side joint, sawcut slab to 25 percent of its depth while green, and complete the joint by cleaning and filling with sealant specified in paragraph 03 30 00-2.04 after curing.

D. Vertical construction joints shall be grooved at exposed faces. Grooves subjected to wetting or weather shall be caulked with joint sealer as specified.

E. Reinforcing steel and welded wire fabric shall be continued across construction joints. Joints shall be perpendicular to the main reinforcement. Waterstops shall be provided in construction joints at locations as specified in paragraph 03 30 00-3.09.

3.07	INSERTS AND EMBEDMENTS

A. INSERTS:

1. Where pipes, castings or conduits are to pass through structures, the CONTRACTOR shall place such pipes or castings in the forms before placing the concrete, or may provide openings in the concrete for subsequent insertion of such pipes, castings or conduits.  Such openings shall be provided with waterstops and V‑shaped construction joint as shown and shall have a slight flare to facilitate grouting and permit the escape of entrained air during grouting.  

2. Additional reinforcement shall be provided around openings as shown.  Grout fill around inserts shall be non-shrink grout as specified in ODOT Item 705.20.

3. Horizontal conduits and pipes, where shown in structural slabs and beams, shall be placed within the middle third of the slab or beam between the top and bottom layers of reinforcement and shall not be in direct contact with the reinforcement.   Such conduits and pipes shall not run directly beneath or within a distance of half the slab/floor thickness from a column or, if used, its steel base plate.

4. Conduit and pipes spacing and size limitations unless specifically approved by the ENGINEER: 

a. May not be larger in outside dimension than 1/3 the overall thickness of slab, wall or beam in which they are embedded.

b. May not be spaced closer than three diameters or widths on center.

c. May not significantly impair the strength of the construction.  

B. EMBEDMENTS:

1. Gate frames, gate thimbles, special castings, channels, or other miscellaneous metal parts that are to be embedded in the concrete shall be set and secured in the forms prior to concrete placement.  Unless otherwise specified, anchor bolts and inserts shall be embedded in concrete as shown.  The CONTRACTOR shall provide inserts, anchors or other bolts necessary for the attachment of piping, valves, metal parts and equipment.  Nailing blocks, plugs, strips, and the like necessary for the attachment of trim, finish, and similar work shall be provided.  Voids in sleeves, inserts and anchor slots shall be filled temporarily with readily removable material to prevent the entry of concrete into the voids.  Operators or sleeves for gate or valve stems shall be positioned to clear reinforcing steel, conduit and other embedments, and to align accurately with equipment. A minimum clear distance of 1 ½” shall be provided between reinforcement and embedments. 

3.08	EXPANSION JOINTS

A. Expansion joints shall be as shown.  Reinforcement or other embedded metal items bonded to the concrete shall not extend through expansion joints.  Waterstops shall be provided in expansion joints as specified in paragraph 03 30 00-3.09.

3.09	WATERSTOPS

A. Waterstops shall conform to ACI 301.  Waterstops shall be securely held in position during placing of concrete.  If, after placing concrete, waterstops are materially out of position or shape, the surrounding concrete shall be removed, the waterstop reset, and concrete replaced in accordance with paragraph 03 30 00-3.10.

B. Waterstops shall be provided at the following joints:

1. Expansion or contraction joints in structures.

2. Joints in parts of structures exposed to ground or water on one side and occupied by non-submerged equipment or by personnel on the other.

3. Wall and slab joints of tanks and channels subject to water pressure.  Waterstops shall be provided from 6 inches above high-water level to structural foundation slab or footing, or as otherwise noted on the Drawings.

C. Field splices shall be heat fused welded butt splices only and shall be acceptable only in straight sections.  Lapping of splices or joining by any means other than heat fused welding shall not be allowed.  Crosses, tees, and other shapes used for changes of direction, intersections, and transitions shall be factory fabricated and shall be formed using mitered joints maintaining continuity of the ribs.

D. Hydrophilic waterstops shall be installed according to manufacturer’s recommendations.
		Surfaces of concrete shall be prepared to required level/plumb and smoothness as required by manufacturer.  Form and finish concrete placed first with contact surface requirements in mind, or grind surface if necessary.  Provide bonding adhesive if required for the particular product, or if surface conditions warrant.  Note restrictions on use described in paragraph 
		03 30 00-2.03 B.

3.10	MODIFICATION OF EXISTING CONCRETE

A. GENERAL:

1. Structural dimensions related to or controlled by previously constructed or existing structures shall be verified in the field by the CONTRACTOR prior to concrete work.

B. CUTTING OR CORING CONCRETE:

1. Surfaces exposed to view shall be neatly saw cut to a depth of 1 inch prior to removing the existing concrete.  New openings in existing concrete shall be cut 2 inches oversize, coated with epoxy bonding compound and re-finished with profiling mortar to the required opening size. 

2. Existing joint edge shall be ground to create a chamfer matching those used adjacent, where occurs.  Hidden or other surfaces shall receive a ½ inch radius tooled joint between new and existing concrete.  Grind existing to imitate tooled edge.

3. Unless specifically notified otherwise, CONTRACTOR shall investigate concrete to	 be drilled, cored or sawcut to determine location of existing reinforcing steel. Penetrations shall be located so as to clear existing reinforcing steel if possible.  Unless otherwise detailed on the Drawings, or where not possible to avoid reinforcing steel, consult ENGINEER as to acceptability of cutting reinforcing steel and provide new reinforcing systems as directed.  Locating methods include chipping to expose reinforcing steel, ground penetrating radar, X-ray, or magnetic flux devices.  Locates of existing reinforcing and repairs associated with destructive methods shall be paid for by the CONTRACTOR.

C. JOINING NEW CONCRETE TO EXISTING:

1. Existing concrete surfaces to be joined with new concrete shall be thoroughly cleaned, and roughened by abrasive blasting, bush hammering or other method to achieve ¼-inch amplitude surface.  Existing metalwork, embeds or other interfering items shall be removed.  In typical cases, coat existing surface with epoxy bonding compound just prior to placement of new concrete.  In restricted access situations or for large quantity work, review need for epoxy bonding agent with ENGINEER if not specifically required by notes or details on the Drawings.

D. DOWELS: 

1. Dowels to be installed in existing concrete shall utilize drilled holes, properly brushed and air-cleaned, and epoxy based adhesive conforming to ASTM C881,Type IV, Grade 3. Acceptable products include: Master Builders Concresive Standard Paste or SPL, and Sika Corporation Sikadur Hi-Mod series, or equal. When the holes are horizontal, they shall be drilled slightly downward (approx. 15 degrees).  When overhead holes are required, capsule anchors shall be used. Installation and Special Inspection shall conform to ICBO Evaluation Report or comparable agency certification.  Adhesive anchored dowels shall not be used where developed reinforcing requires full transfer of force to adjoining reinforcing unless approved by the ENGINEER.  (note to specifier – previous highlighted section of specification should be carefully review and modified for each particular job the CITY’s preference is to have dowels shown of the plans).

E. WATERSTOPS:

1. Hydrophilic waterstops shall be used unless otherwise noted on plans or otherwise specifically called for in the specifications.  Waterstop shall be non-bentonite base, modified chloroprene rubber, Greenstreak, Leakmaster LV-1, or equal. (note to specifier- spec should be edited for each job, also if hydrophilic waterstop is to be used between new and existing slab design professional shall show detail for waterstop placement on the plans).

2. Where shown on the plans, a PVC waterstop is specifically shown between new and existing concrete as being required, CONTRACTOR shall cut a suitable groove in the existing concrete and install waterstop with epoxy based adhesive unless otherwise noted on the Drawings.  Waterstop shall be securely braced and supported during installation and to the completion of adhesive curing.

3.11	FORMED SURFACE FINISHES

A. REPAIR OF SURFACE DEFECTS:

1. Surface defects, including tie holes, minor honeycombing or otherwise defective concrete shall be repaired in accordance with ACI 301.  Areas to be patched shall be cleaned.  Minor honeycombed or otherwise defective areas shall be cut out to solid concrete to a depth of at least 1 inch.  The edges of the cut shall be perpendicular to the surface of the concrete.  Patches on exposed surfaces shall be finished to match the adjoining surfaces after they have set.  Patches shall be cured as specified for the concrete.  Finished surfaces shall be protected from stains and abrasions.  Finishes shall be equal in workmanship, texture, and general appearance to that of the adjacent concrete.  Concrete with honeycombing which exposes the reinforcing steel or with defects which affect structural strength shall be corrected utilizing a corrosion inhibitor and appropriate bonding agent on the exposed reinforcing. (note to specifier- description of repairs should be reviewed for applicability to each job requirement and consideration made to allow less invasive repairs such a rubbing and patching, especially for interior concrete surfaces not subject to weather and freeze thaw cycles.



B. FORMED SURFACE FINISHING:

Formed surfaces shall be finished within 24 hours after form removal and repair of surface defects.  Finishes shall be as follows.  (note to specifier- plans must clearly indicate which finish will be required on each concrete surface, all painted formed concrete surfaces need to have a specified finishing per this section prior to painting)

1. FINISH A:  Finish A shall be a grout clean finish in accordance with ACI 301, except that all form fins and other protrusions shall be completely removed to the final surface. Surfaces shall be lightly sandblasted prior to sacking.  For interior areas not exposed to moisture or weather, water used in the mortar shall be mixed with a PVA bonding compound as recommended by the manufacturer.  Finish A shall be provided for painted and unpainted surfaces; surfaces of stair wells; interior surfaces of equipment rooms, galleries and tunnels; operations areas; exposed channels and tanks from 1 foot below minimum water surfaces and up; and permanently exposed vertical and sloped surfaces, such as pipe chases.

2. FINISH B:  Finish B shall be the same as Finish A, except that the final burlap rubbing may be omitted, providing the steel trowel scraping removes the loose buildup from the surface.  Finish B shall be provided for waterproof and moisture proof coated surfaces.  (note to specifier- plan notes or description needs added here as to where this finish is allowed) 

3. FINISH C:  All form fins and other protrusions shall be completely removed to the final surface immediately after breaking forms.  Finish C shall be a finish which has surface imperfections less than 3/8 inch in any dimension, imperfections deeper than 3/8 inch in any dimension shall be repaired per FINISH “A” above.  Surface imperfections greater than 3/8 inch shall be repaired or removed and the affected areas shall be neatly patched.  Finish C or smoother shall be provided for interior surfaces of wet wells, tanks and channels from 1 foot below minimum water surfaces and down and otherwise unfinished interior surfaces. 

4. FINISH D:  Finish D shall be the finish for surfaces which may be left as they come from the forms, except that tie holes shall be plugged and defects greater than 1/2 inch in any dimension shall be repaired.  (note to specifier- this is normally only recommended for use on outside walls below grade).

C. SAMPLES OF CONCRETE FORMED FINISHES:

1. If required by the ENGINEER, a sample concrete panel, 2 feet by 2 feet, representative of each specified finish, shall be provided to the ENGINEER.  The panels shall be representative of the workmanship and finishes required.  Samples shall be approved in field prior to the start of such work.

3.12	SLAB FINISHES

A. GENERAL:

1. The finishes specified herein include surface finishes, treatments and toppings for floors and slabs.  Dry cement shall not be used on new concrete surfaces to absorb excess moisture.  Edges shall be rounded to a radius of 1/2 inch.  Joints shall be grooved to a radius and depth of 1/4 inch each.  Finishes shall match the sample panels provided under paragraph 03 30 00-1.03.

2. Floors shall be sloped to drain uniformly within a room or space.  Unless otherwise specified, slope shall be a minimum of 1/8 inch per foot toward nearest drain. Where finish is not specified, floor slabs shall receive steel troweling.  Use of floor drains with only locally depressed slabs shall be coordinated with ENGINEER if detailed on the Drawings and restricted to locations specifically noted.

B. FLOAT FINISH:

1. Float finish shall conform to ACI 301.  Floating shall be performed with a hand or power-driven float.  Floating of any one area shall be the minimum necessary to produce the finish specified.  Floating shall compact and smooth the surface and close any cracks and checking of surfaces.  Float finish shall be applied to surfaces of channel and tank bottom slabs and to footings.

C. STEEL TROWEL FINISH:

1. Steel trowel finish shall conform to ACI 301.  Immediately after final troweling, the surface shall be cured and protected as specified in paragraphs 03 30 00-3.04 and 03 30 00-3.05.  Steel trowel finish shall be provided on floors unless specified otherwise.  Surface hardener shall be troweled into the finished surface where monolithic surface is specified.

D. BROOMED FINISH:

1. Broomed finish shall conform to ACI 301.  Broomed finish shall be provided for walks, tops of tanks, slabs-on-grade exposed to atmosphere, and where otherwise indicated or specified.

E. SAMPLES OF CONCRETE FLOOR FINISHES:

1. If required by the ENGINEER, a sample concrete panel, 2 feet by 2 feet, representative of each specified finish, shall be provided to the ENGINEER.  The panels shall be representative of the workmanship and finishes required.  Samples shall be approved in field prior to the start of such work.

3.13	TOPPING CONCRETE

A. SUBFLOOR FINISH:

1. Slabs to receive topping, tile or grout as shown shall be float finished to required elevations.  Immediately following the final finishing, the slab shall be treated with a retardant.

B. TOPPING CONCRETE:

1. These requirements shall apply to the placement of normal concrete topping, with or without surface hardener, on a cured concrete substrate.

2. Slabs to receive topping concrete shall have an exposed aggregate subfloor finish as specified in paragraph 03 30 00-3.13 A, or have a ¼ inch amplitude roughened surface using abrasive blast or raked finish after floating.  Dirt, laitance and loose aggregate shall be removed. The cleaned base shall be kept wet for a period of 24 hours prior to the application of topping.  Excess water shall be removed, and a neat cement grout shall be applied and brushed into the surface of the base.  The cement 	grout shall not be allowed to dry and shall be spread within 15 minutes of the topping placement.  The topping shall then be placed to grade, compacted by rolling or tamping, and floated.  The surface shall be tested with a straightedge to detect high and low spots of over 1/8 inch in 10 feet which shall be eliminated.  

3. Surface hardener shall be incorporated where specified.  When the floor has hardened sufficiently, it shall receive a steel trowel finish.  Structural, non-exposed topping may be float finished only.

3.14	RELATED SURFACES

A. FINISHING OF UNFORMED SURFACES:

1. RELATED UNFORMED SURFACES:  Tops of walls or buttresses, horizontal offsets, and similar unformed surfaces occurring adjacent to formed surfaces shall be struck smooth after concrete is placed and shall be floated to a texture reasonably consistent with that of the adjacent formed surfaces.  Final treatment of formed surfaces shall continue uniformly across the unformed surfaces.

2. PAVEMENTS AND SIDEWALKS:  The surfaces of the concrete shall be screeded to grade and sloped to drain.  After screeding, the surface shall receive a broomed finish as specified in paragraph 03 30 00-3.12 D.  Edges and expansion joints shall be rounded to a radius of ½ inch.  Joints shall be grooved to a radius and depth of 1/4 inch each.

3.15	FIELD SAMPLING AND TESTS

A. GENERAL:

1. Field sampling and testing shall be performed by the independent testing laboratory specified in paragraph 03 30 00-1.02 A. Samples of aggregates and concrete shall be taken at random locations and at such times to represent the quality of the materials and work throughout the project.  The laboratory shall provide the necessary labor, materials and facilities for sampling the aggregate and for casting, handling and storing the concrete samples at the site of work.  Aggregates shall be sampled in accordance with paragraph 03 30 00-3.15 B not less than 30 days prior to the use of such aggregates in the work.  The minimum number of samples and tests are specified in paragraph 03 30 00-3.15 C.

B. SAMPLING:

1. AGGREGATES:

a. GENERAL:  Fine and coarse aggregates shall be sampled in accordance with ASTM D75.  Samples shall be taken at the discharge gates of the bins feeding the weigh hopper.  The CONTRACTOR shall provide safe and suitable facilities for obtaining samples.  Samples shall be obtained at the concrete batch plant at the frequency specified in paragraph 03 30 00-3.15 C.  Sampling shall be repeated when the source of material is changed or when unacceptable deficiencies or variations from the specified requirements of materials are found in testing.  Aggregate samples shall be tagged, and their sources identified.

b. COARSE AGGREGATE:  A sample weighing between 50 and 60 pounds shall be taken after the batch plant is brought up to full operation.  The samples shall be taken so that a uniform cross section, accurately representing the materials on the belt or in the bins, is obtained.

c. FINE AGGREGATE:  Samples shall be taken as specified for coarse aggregate.  The samples shall be taken for sieve analysis of fine aggregate and specific gravity tests.  Samples of sand shall be taken when the sand is moist.

2. CONCRETE:  Samples of plastic concrete shall be obtained in accordance with ASTM C172.  Samples for pumped concrete shall be taken at the hose discharge point, or as specified earlier in 03 30 00-3.03B. 2.  Samples for other concrete shall be taken at the hopper of concreting equipment or transit mix truck.

C. TESTING:

1. CONCRETE:

a. STRENGTH TESTS:  The strengths specified for the design mix shall be verified by the testing laboratory during placement of the concrete. Verification shall be accomplished by testing standard cylinders of concrete samples taken at the job site.

Standard cylinders shall represent the concrete placed in the forms.  One set of six standard cylinders shall be cast of each class of concrete for each 100 cubic yards or less or for each 4,000 square feet of surface area placed per day.  Casting, handling and standard initial curing of cylinders shall be in accordance with ASTM C31.  Additional cylinders shall be provided when an error in batching is suspected.  For the first 24 hours after casting, the cylinders shall be kept moist in a storage box constructed and located so that its interior air temperature will be between 60 and 80 degrees F.  At the end of 24 hours, the cylinders shall be transported to the testing laboratory.

Testing of specimens for compressive strength shall be in accordance with ASTM C39.  Tests shall be made at 7 and 28 days from time of casting.  Two 6x12” or three 4x8” test cylinders from each group shall be tested at the end of 7 days and two 6x12” or three 4x8” cylinders shall be tested at the end of 28 days.  Two or three additional cylinders shall be molded and tested at the end of 56 days if the 28-day strength reports below specification.  A strength test shall consist of the average strength of two 6x12” or three 4x8” cylinders cast from material taken from a single load of concrete.  If one cylinder in a set of two 6x12” or three 4x8” cylinders shows evidence of low strength due to improper sampling, casting, handling or curing, the result of the remaining cylinder(s) may be used if approved by the ENGINEER.

The average of any three consecutive 28-day strength test results of the cylinders representing each class of concrete for each structure shall be equal to or greater than the specified strength and not more than 10 percent of the strength test results shall have values less than the specified 28-day strength for the total job concrete.  No individual strength test result shall be less than the specified strength by more than 500 pounds per square inch.

Certified reports of the test results shall be provided directly to the ENGINEER and CONCRETE PRODUCER.  Test reports shall include sufficient information to identify the mix used, the stationing or location of the concrete placement, and the quantity placed.  Slump, air content, fresh concrete density, temperature of concrete, and ambient temperature shall be noted.  The 28-day strength test results shall be evaluated in accordance with ACI 214 and the acceptance criteria in ACI 318 or ACI 301. Quality control charts showing field test results shall be included with the test results for each class of concrete in each major structure.

If compressive test results indicate concrete in place may not meet structural requirements, tests shall be made to determine if the structure or portion thereof is structurally sound.  Tests may include, but not be limited to, cores in accordance with ASTM C42 and any other analyses or load tests acceptable to the ENGINEER.  Costs of such tests shall be borne by the CONTRACTOR. If placed concrete fails to meet structural requirements the CONTRACTOR may be required to remove and replace concrete.

b. TESTS FOR CONSISTENCY OF CONCRETE: The slump shall be as specified when measured in accordance with ASTM C143. Samples for slump determination shall be taken from the concrete during placing.  Tests shall be made at the beginning of concrete placement operation and at subsequent intervals to ensure that the specification requirements are met. Slump tests shall also be performed whenever standard cylinders are cast.

c. TESTS FOR TEMPERATURE AND AIR CONTENT: Temperature tests ASTM C1064; 1 for every 2 concrete loads at point of discharge, and when a change in the concrete is observed. Test each load when time from batching to placement exceeds 75 minutes.

Air content shall be as specified when measured in accordance with ASTM C231.  Fresh concrete density shall be measured and calculated in accordance with ASTM C138. Air content and fresh concrete density shall be measured whenever standard cylinders are cast.

D. FINAL LABORATORY REPORT:

1. A final report, prepared by the testing laboratory, shall be provided at the completion of all concreting.  This report shall summarize the findings concerning concrete used in the project and provide totals of concrete used by class and structure.  Final quality control charts for compressive strength tests for classes of concrete specified in each major structure shall be included.  The report shall also include the concrete batch plant’s coefficient of variation and standard deviation results for each class of concrete as determined in accordance with ACI 301 and ACI 318.




E. EVALUATION OF QUALITY CONTROL TESTS:

1. SLUMP:

a. When the slump test result is less than the acceptable minimum measurement as listed in the table in article 2.02 A.1, adjustments may be made as specified in ASTM C94 (as specified in ACI 301).

b. If the slump of the adjusted mixtures fails the slump test, then the material is considered to be out of compliance and the entire load shall be rejected.

c. When the slump test result is more than the acceptable maximum measurement as listed in the table in paragraph 2.02 A.1, a second test shall be performed.  If the result of the second test is greater than the acceptable maximum, then the material will be considered out of compliance and the entire load shall be rejected.

2. STRENGTH:

a. When the average of the 28-day compressive strength test result is less than the minimum strength as listed in the table in paragraph 2.02 A.1, additional testing is required.

b. The CONTRACTOR, at his own expense, shall obtain the services of a concrete testing service to take cores drilled from the hardened concrete for compressive strength determination.

c. The testing service shall take at least three (3) cores from the suspect concrete and perform compressive strength test on the cores.  Both coring and testing shall be in accordance with ASTM C42.

d. If the average compressive strength of the cores is greater than or equal to 85% of the required minimum strength listed in the Specifications, the in-place concrete will be considered acceptable.

e. If the average compressive strength of the cores is less than 85% of the required minimum strength as listed in the Specifications, then the CONTRACTOR must request a meeting with the CITY, ENGINEER, and testing laboratory to determine a course of actions.  All costs for the meeting and any subsequent remedial action shall be borne by the CONTRACTOR. No compensation for any time delays as a result of the failure of the concrete to meet the specified requirements will be allowed.

3.16	REPAIR OF DAMAGED CONCRETE, CRACKING:

A. REPAIR METHODS:	

Damaged or excessively cracked concrete shall be repaired by one of the following methods:

1. Repair Method 1: Fill the joint or crack by drilling holes to the affected area, install injection ports and force epoxy or chemical grout (expanding urethane) into the joint under pressure.  The material type, whether epoxy or chemical grout shall be subject to approval by the ENGINEER.  After injection and cure, ports, sealing mix and surface generally shall be cleaned and worked to match the specified finish.

2. Repair Method 2: Fill cracks with low viscosity epoxy, applied by pouring/flooding crack zone until cracks are filled.  This repair method is only to be used where expressly allowed or required by the ENGINEER.  Prepare surface and cure according to manufacturer’s recommendations.  At a minimum, prepare surface to result in a clean, dry surface and with no visible detrimental material in cracks to be filled.  Conform to temperature limitations for epoxy to be used.  Finish to match adjacent areas.

3. Repair Method 3: Cut a bevel groove 3/8 to 1/2 inch in width and depth, and caulk with sealant in accordance with manufacturer’s instructions.  This repair method is only to be used where expressly allowed or required by the ENGINEER.  Groove and caulk shall be applied on wet or hydrostatic pressure side of surface where occurs.

B. METHODS, WHERE USED:

1. Repair Method 1 shall be used for all cracks in walls, surfaces sloped 1:1 or greater, beams, columns, slabs, overhead surfaces and generally for liquid retaining surfaces.  Need for repair depends upon crack width, location, and surface conditions under service conditions.  ENGINEER shall determine repair need in their sole discretion.  

2. Repair Method 2 may be utilized in lieu of Method 1 for slabs which receive a raked finish.  Method 2 may also be used with ENGINEER’s approval for exposed troweled and broomed finishes after review of conditions, degree of exposure to public, and proposed repair product and installation.  Finish shall substantially match adjacent surfaces.

3. Repair Method 3 shall be limited to dry-surface slabs, walls subject to less than three feet of liquid pressure, or as specifically directed by the ENGINEER.  Method 3 is not an equivalent repair method to Methods 1 or 2 which shall be considered the standards.

3.17	CLEANUP

A. Upon completion of the work and prior to final inspection, the CONTRACTOR shall clean all concrete surfaces.  The cleaning procedures shall be as follows:  After sweeping with an ordinary broom to remove the loose dirt, the surface shall be flushed with clean water.  Final scrubbing by hand or machine shall follow.

B. Floors that have curing and sealing compound shall be cleaned of loose dirt and debris by sweeping with ordinary brooms.  They shall then be washed and mopped with clean water.  Finally, one additional coat of the same clear curing and sealing compound shall be applied in the same manner as specified.


END OF SECTION
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