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SECTION 6.01 - CONCRETE FOR STRUCTURES


Replace Section 6.01 in its entirety with the following:

6.01.01—Description

6.01.02—Materials

6.01.03—Construction Methods

6.01.04—Method of Measurement

6.01.05—Basis of Payment

  6.01.01—Description:  This item shall include concrete for use in new construction, surface repair or structural repair of bridges and culverts, walls, catch basins, drop inlets and other incidental construction.  The concrete shall be composed of Portland cement, pozzolans, fine and coarse aggregate, admixtures and water, prepared and constructed in accordance with these specifications, at the locations and of the form dimensions and class shown on the plans, or as directed by the Engineer.

  The use of concrete from dry batch or central mixed plants is permitted for all concrete mixtures.

  6.01.02—Materials:  The materials for this work shall meet the requirements of M.03.  Surface or structural repair concrete shall be documented on the delivery ticket, as required in 6.01.03-II-3(a), as having the plastic properties necessary for confined placement to ensure appropriate workability for consolidation within the forms.  

  6.01.03—Construction Methods:

I.  Concrete Quality Control (QC) Requirements:  For all bridge deck and bridge parapet construction, the Contractor must demonstrate to the Engineer that the materials and work that will be provided by their field staff, subcontractors, and suppliers meets Contract specification requirements.

  This effort shall be documented with a Concrete Quality Control Plan (CQCP) and shall address the communication with all parties, on-site inspection, sampling and testing frequency necessary to keep the production, placement and finishing operations in control, to determine when an operation has gone out of control and anticipated procedure to correct the situation in a timely manner.

1. General – provide an overview of the means and methods anticipated to perform the work including any anticipated conditions that may need additional attention (such as seasonal conditions requiring heating or cooling of concrete)

2. Contractor Organization – address authority levels/duties by position and name of persons holding those positions; include those who have decision making authority with regard to quality control, materials, sampling and testing who can be contacted by the Engineer
3. Concrete Mix Design – identify concrete supplier(s); provide copies of all applicable mix designs to field staff; and address submittal timeframe

4. Transportation and Delivery of Concrete – identify the supplier’s plant capacity and ability to ensure continuous delivery to the Project to meet the requirements of the mix design and a corrective procedure if it does not meet Project requirements; include a provision for the addition of admixtures and follow up testing

5. Placement and Finishing of Concrete – identify and describe:

(a) placement equipment

(b) placement method(s) to be used (chute, pump, hopper or other)

(c) starting point and direction of placement (logistical sequencing)

(d) slip forming, formwork, stay-in-place forms or other forming method(s) 
(e) joint construction method(s)
(f) process and documentation that the elevations, base, forms, reinforcement (including support chairs and ties), utility inserts or any other appurtenance installations have been inspected by the Contractor prior to concrete placement
(g) equipment and method(s) to be used for vibrating and consolidating concrete
(h) procedure for verifying adequate consolidation and how segregation will be addressed
(i) schedule and method(s) to be used for finishing all exposed surfaces
6. Curing of Concrete – describe schedule and method(s) for curing of concrete and how the method(s) will be monitored and maintained
7. Contractor QC testing – identify person(s) or firms responsible for Contractor QC testing and provide copies of their certification(s) (see 6.01.03-5), and testing facility location(s).  In addition, describe the process used for communication between the QC testing personnel and the Contractor project staff; describe what measures will be taken when test results are out of compliance; this shall include what increased frequency of testing is to be performed to verify that concrete properties are in compliance; the threshold at which time placement ceases; describe what protective measures will be used in case of unforeseen weather

8. The CQCP shall include the name and qualifications of a Quality Control Manager (QCM) provided by the Contractor.  The QCM shall be responsible for the administration of the CQCP, and any modifications that may become necessary.  The QCM shall have the ability to direct all Contractor personnel on the Project during concreting operations and must communicate directly with the concrete supplier. At a minimum the QCM shall be certified as a Concrete Transportation Construction Inspector by the American Concrete Institute (ACI). 
9. The CQCP must include a provision for pre-placement meeting(s) to be held with representatives of the Engineer, the concrete supplier, the QCM and the Contractor’s field staff supervising the work.  
(a) Timing and number of the meeting(s) will be determined by the complexity of the mix design or placement.

(b) Non-Standard mix designs that require trial placements will be discussed at the Preconstruction Meeting to remind the Contractor of the time needed for testing.  Additional meeting(s) should be scheduled at least 90 days prior to first use of non-standard mix designs, to allow suppliers to perform trial batches and testing.

(c) Discussions shall include the configuration and specific application that the concrete will be used for, plastic properties and workability, any mix design challenges, trial placement procedures and subsequent trial results, timing and quantities.  Refer to 6.01.03-II-6(e) for additional requirements.
10. The CQCP shall be submitted to the Engineer and concrete supplier for review and comment a minimum of 30 days prior to production or placement.  Production and placement shall not occur until all comments of the Engineer and supplier have been addressed by the Contractor.  Changes to the CQCP based on data not available at time of submittal may be added via addendum.
11. The Contractor shall provide the Engineer QC test results within 48 hours after testing or inspection in a format acceptable to the Engineer.  The Contractor shall also maintain complete records of all QC tests.
  Review of the CQCP does not relieve the Contractor of its responsibility to comply with the Project specifications.  The Contractor may modify the CQCP as work progresses and must document the changes in writing prior to resuming operations.  These changes include but are not limited to changes in quality control procedures or personnel.

II.  New Construction:

  1.  Falsework and Forms:  Falsework is considered to be any temporary structure which supports structural elements of concrete, steel, masonry or other material during the construction or erection.  Forms are to be considered to be the enclosures or panels which contain the fluid concrete and withstand the forces due to its placement and consolidation.  Forms may in turn be supported on falsework.

  This work shall consist of the construction and removal of falsework and forms that are designed by the Contractor in the execution of the work, and whose failure to perform properly could adversely affect the character of the Contract work or endanger the safety of adjacent facilities, property, or the public.  Forms shall be mortar tight.  Forms and falsework shall be of sufficient rigidity and strength to safely support all loads imposed and to produce in the finished structure the lines and grades indicated in the Contract documents.  Forms shall also impart the required surface texture and rustication and shall not detract from the uniformity of color of the formed surfaces.  Forms shall be made of wood, steel or other material approved by the Engineer.

(a) Design:  The design of falsework and formwork shall conform to the AASHTO Guide Design Specifications for Bridge Temporary Works, or to other established and generally accepted design codes such as ACI Standard ACI 347-Recommended Practice for Concrete Formwork or specific form or falsework manufacturer specifications.  When other than new or undamaged materials are used, appropriate reductions in allowable stresses, and decreases in resistance factors or imposed loads shall be used for design.

(b) Loads:  The design of the falsework and forms shall be based on load factors specified in the AASHTO LRFD Bridge Design Specifications and all applicable load combinations shall be investigated.  The design load for falsework shall consist of the sum of appropriate dead and live vertical loads and any horizontal loads.

  As a minimum, dead loads shall include the weight of the falsework and all construction material to be supported.  The combined unit weight of concrete, reinforcing and pre-stressing steel, and forms that is supported shall be assumed to be not less than:

1.
Normal-weight concrete:  0.16 kip/ft3
2.
Lightweight concrete:  0.13 kip/ft3
  Live loads shall consist of the actual weight of any equipment to be supported, applied as concentrated loads at the points of contact and a uniform load of not less than 0.02 kip/ft2 applied over the area supported, plus 0.075 kip/ft applied at the outside edge of deck overhangs.

  The horizontal load used for the design of the falsework bracing system shall be the sum of the horizontal loads due to equipment; construction sequence including unbalanced hydrostatic forces from fluid concrete and traffic control devices; stream flow, when applicable; and an allowance for wind.  However, in no case shall the horizontal load to be resisted in any direction be less than 2% of the total dead load.

  For post-tensioned structures, the falsework shall also be designed to support any increase in or redistribution of loads caused by tensioning of the structure.  Loads imposed by falsework onto existing, new, or partially completed structures shall not exceed those permitted in 6.01.03-II-12, Application of Loads.

(c) Working Drawings:  The working drawings for falsework and formwork shall be prepared in accordance with 1.05.02 whenever the falsework or formwork exceeds 14.0 feet high or whenever vehicular, marine, or pedestrian traffic may travel under or adjacent to the falsework or formwork.  Working drawings shall include the sequence, method and rate of placement of the concrete.

  Manufacturer catalog cuts or written installation procedures shall be provided for any clips, braces, hangers or other manufactured parts used with the formwork or falsework.

(d) Construction:  Forms and falsework shall be built true to lines and grades shall be strong, stable, firm, mortar-tight and adequately braced or tied, or both.  They shall be designed and constructed to withstand all loads and pressures including those imposed by plastic concrete, taking full account of the stresses due to the rate of placement, effect of vibration and conditions brought about by construction methods.  Forms and falsework shall be constructed to compensate for variations in camber of supporting members and allow for deflections.
  Falsework and formwork shall be chamfered at all sharp corners, unless otherwise ordered or permitted, and shall be given a slight bevel or draft in the case of projections to ensure satisfactory removal.  Materials for falsework and formwork and their supports, ties and bracing, shall be of the type, quality and strength to achieve the structural requirements.  Form material in contact with concrete shall provide the finished concrete surface smoothness as specified in 6.01.03-II-10, Finishing Concrete Surfaces, and shall have a uniform appearance.
  Falsework and formwork shall be treated with form oil or other release agent approved by the Engineer before the reinforcing steel is placed or self-releasing forms approved by the Engineer may be used.  Release agents which will adhere to or discolor the concrete shall not be used.

  Falsework and formwork for concrete surfaces exposed to view shall produce a smooth surface of uniform texture, free of voids, indentations, protrusions and bulges.  Panels lining falsework and formwork shall be arranged so that the joint lines form a symmetrical pattern conforming to the general lines of the structure.  The same type of form-lining material shall be used throughout each element of a structure.  Falsework and formwork shall be sufficiently rigid so that the undulation of the concrete surface shall not exceed 1/4 inch when checked with a 4 foot straightedge or template.

  For non-exposed surfaces the falsework and formwork shall be sufficiently rigid so that the undulation of the concrete surface shall not exceed 1/2 inch when checked with a 4 foot straightedge or template.

  Metal ties and anchors to hold the falsework and formwork in alignment and location shall be so constructed that the metal work can be removed to a depth of at least 2 inches from the concrete surface without damage to the concrete.  All cavities resulting from the removal of metal ties shall be filled after removal of forms with cement mortar of the same proportions used in the body of the work or other materials approved by the Engineer, and the surface finished smooth and even, and if exposed in the finished work, shall be similar in texture and color of adjacent surfaces.  With permission of the Engineer, the Contractor need not remove from the underneath side of bridge decks portions of metal devices used to support reinforcing steel providing such devices are of material, or are adequately coated with material, that will not rust or corrode.  When coated reinforcing steel is required, all metal ties, anchorages, or spreaders that remain in the concrete shall be of corrosion-resistant material or coated with a dielectric material.

  Forms shall be clean and clear of all debris.  For narrow walls and columns where the bottom of the form is inaccessible, an access opening will be allowed in the form and falsework for cleaning out extraneous material.

(e) Vacant 
(f) Bridge Decks:  After erection of beams and prior to placing falsework and forms, the Contractor shall take elevations along the top of the beam at the points shown on the plans or as directed by the Engineer.  The Contractor shall calculate the haunch depths and provide them to the Engineer a minimum of 7 days prior to installing the falsework and forms.  The Contractor shall also provide calculations for the setting of the overhang brackets based on the final beam deflection.  These calculations shall be based on the final proposed deck grade and parapet elevations.

  Falsework or formwork for deck forms on girder bridges shall be supported directly on the girders so that there will be no appreciable differential settlement during placing of the concrete.  Girders shall be either braced and tied to resist any forces that would cause rotation or torsion in the girders caused by the placing of concrete for diaphragms or decks, or shown to be adequate for those effects.  Unless specifically permitted, welding of falsework support brackets or braces to structural steel members or reinforcing steel shall not be allowed.

(g) Stay-In-Place Metal Forms for Bridge Decks:  These forms may be used if shown in the Contract documents or approved by the Engineer.  Prior to the use of such forms and before fabricating any material, the Contractor shall submit working drawings to the Engineer for review in accordance with 1.05.02.  These drawings shall include the proposed method of form construction, erection plans including placement plans, attachment details, weld procedure(s), material lists, material designation, gage of all materials, and the details of corrugation.  Also, copies of the form design computations shall be submitted with the working drawings.  Any changes necessary to accommodate stay-in-place forms, if approved, shall be at no cost to the Department.

  The metal forms shall be designed on the basis of the dead load of the form, reinforcement and the plastic concrete, including the additional weight of concrete [considered to be equivalent to the weight imposed by an additional concrete thickness equal to 3% of the proposed deck thickness, but not to exceed 0.3 inch] due to the deflection of the metal forms, plus 50 psf for construction loads.  The allowable stress in the corrugated form and the accessories shall not be greater than 0.725 times the yield strength of the furnished material and the allowable stress shall not exceed 36,000 psi.  The span for design and deflection shall be the clear distance between edges of the beams or girders less 2 inches and shall be measured parallel to the form flutes.  The maximum deflection under the weight of plastic concrete, reinforcement, and forms shall not exceed 1/180 of the form span or 0.5 inches, whichever is less.  In no case shall the loading used to estimate this deflection be less than 120 psf.  The permissible form camber shall be based on the actual dead load condition.  Camber shall not be used to compensate for deflection in excess of the foregoing limits.  The form support angles shall be designed as a cantilever and the horizontal leg of the form support angle shall not be greater than 3 inches.

  No stay-in-place metal forms shall be placed over or be directly supported by the top flanges of beams or girders.  The form supporting steel angles may be supported by or attached to the top flanges.

  Stay-in-place metal forms shall not be used in bays where longitudinal slab construction joints are located, under cantilevered slabs such as the overhang outside of fascia members, and bridges where the clearance over a salt-laden body of water is less than 15 feet above mean high water level.

  Welding to the top flanges of steel beams and girders is not permitted in the areas where the top flanges are in tension, or as indicated on the plans.  Alternate installation procedures shall be submitted addressing this condition.

  Drilling of holes in pre-stressed concrete beams or the use of power-actuated tools on the prestressed concrete beams for fastening of the form supports to the pre-stressed concrete beams will not be permitted.  Welding of the reinforcing steel to the pre-stressed units is not permitted.

  All edges of openings cut for drains, pipes, and similar appurtenances shall be independently supported around the entire periphery of the opening.  All fabricated stay-in-place metal forms shall be unloaded, stored at the Project Site at least 4 inches above the ground on platforms, skids or other suitable supports and shall be protected against corrosion and damage and handled in such a manner as to preclude damage to the forms.  Damaged material shall be replaced at no additional cost to the State.

  Any exposed form or form support metal where the galvanized coating has been damaged, shall be thoroughly cleaned, wire brushed, then coated with 2 coats of Zinc Dust – Zinc Oxide primer, FS No. TT-P-641d, Type II or another product acceptable to the Engineer.

  The forms shall be installed from the topside in accordance with the manufacturer's recommended installation procedures.  The form supports shall ensure that the forms retain their correct dimensions and positions during use at all times.  Form supports shall provide vertical adjustment to maintain design slab thickness at the crest of corrugation, to compensate for variations in camber of beams and girders and to allow for deflections.  Stay-in-place metal forms shall have a minimum depth of the form valley equal to 2 inches.  The forms shall have closed tapered ends.  Lightweight filler material shall be used in the form valleys.

  All field cutting shall be done with a steel cutting saw or shears including the cutting of supports, closures and cutouts   Flame cutting of forms is not permitted.

  All welding shall be performed by Department-certified welders in accordance with the Welding subarticle in 6.03.  Welding of forms to supports is not permitted.

  The steel form supports shall be placed in direct contact with the flange of stringer or floor beam flanges and attached by bolts, clips, welding where permitted, or other approved means.  Form sheets shall not be permitted to rest directly on the top of the stringer or floor beam flanges.  The forms shall be securely fastened to form supports with self-drilling fasteners and shall have a minimum bearing length of 1 inch at each end.  In the areas where the form sheets lap, the form sheets shall be securely fastened to one another by fasteners at a maximum spacing of 18 inches.  The ends of the form sheets shall be securely attached to the support angles with fasteners at a maximum spacing of 18 inches or 2 corrugation widths, whichever is less.

  The depth of the concrete slab shall be as shown on the plans and the corrugated forms shall be placed so that the top of the corrugation will coincide with the bottom of the deck slab.  No part of the forms or their supports shall protrude into the slab.  All reinforcement in the bottom reinforcement mat shall have a minimum concrete cover of 1 inch unless noted otherwise on the plans.

  The completed stay-in-place metal form system shall be sufficiently tight to prevent leakage of mortar.  Where forms or their installation are unsatisfactory in the opinion of the Engineer, either before or during placement of the concrete, the Contractor shall correct the defects before proceeding with the work.

(h) Construction Joints:  Construction joints other than those shown on the plans will not be permitted without prior approval of the Engineer.  In joining fresh concrete to concrete that has already set, the work already in place shall have all loose and foreign material removed, and the surface roughened and thoroughly drenched with water.

  All reinforcing steel shall extend continuously through joints.  Where unplanned construction joints may be needed, they shall be constructed as directed by the Engineer.

(i) Expansion and Contraction Joints:  Expansion and contraction joints shall be constructed at the locations and in accordance with the details specified in the Contract.  The forming of joint openings shall be dimensioned in accordance with the joint manufacturer’s design requirements.  Joints include open joints, filled joints, joints sealed with sealants, joints reinforced with steel armor plates or shapes, paraffin coated joints, and joints with combinations of these features.

  Open joints shall be placed at locations designated on the plans and shall be formed by the insertion and subsequent removal of templates of wood, metal or other suitable material.  The templates shall be so constructed that their removal may be readily accomplished without damage to the work.

  Filled joints shall be made with joint filler, the materials for which shall meet the requirements of the plans and of these specifications.

  For mechanical joint systems, the concrete shall be placed in such a manner that does not interfere with the movement of the joint.

(j) Pipes, Conduits and Utility Installations:  The Contractor shall coordinate the installation of pipes, conduits and utilities as shown on the plans and in accordance with the Contract or as directed by the Engineer.  The openings accommodating such pipe, conduit and utility installations shall be incorporated into the formwork by the Contractor.

(k) Anchorages:  Anchor bolts and systems shall be set to the requirements of the plans and Contract.  Anchor bolts and systems shall be clean and free of dirt, moisture or other foreign materials at the time of installation.  The anchor bolts and systems shall be installed prior to placing concrete.

  With the Engineer’s approval, the Contractor may install anchorages after placement and setting of the concrete or in formed holes.  The anchorages shall be installed into drilled or formed holes having a diameter and a depth suitable to receive the bolts in accordance with the grout manufacturer’s requirements.  Such holes shall be located to avoid damage to the existing reinforcement.  All holes shall be perpendicular to the plane surface.  The Contractor shall take every precaution necessary to prevent damage to the concrete due to freezing of water or grout in anchor bolt holes.
(l) Ornament or Reverse Moulds:  Ornamental work, when so noted on the plans, shall be formed by the use of reverse moulds.  These moulds shall be produced by a qualified manufacturer approved by the Engineer.  They shall be built in accordance with the general dimensions and appearance shown on the plans.  The Contractor shall submit all detailed drawings, models, or carvings for review by the Engineer before the moulds are made.

  The Contractor shall be responsible for their condition at all times, and shall be required to remove and replace any damaged or defective moulds at no additional cost to the State.

  The surfaces of the moulds shall be given a coating of form release agent to prevent the adherence of concrete.  Any material which will adhere to or discolor the concrete shall not be used.

  Form Liners, if required, shall be installed as specified elsewhere.

(m) Removal of Falsework and Forms:  The Contractor shall consider the location and character of the structure, the weather, the materials used in the mix, and other conditions influencing the early strength of the concrete when removing forms and falsework.  Methods of removal likely to cause damage to the concrete surface shall not be used.  Supports shall be removed in such a manner as to permit the structure to uniformly and gradually take the stresses due to its own weight.  For structures of 2 or more spans, the sequence of falsework release shall be as specified in the Contract or approved by the Engineer.

  Removal shall be controlled by field-cured cylinder tests.  The removal shall not begin until the concrete has achieved 75% of the design compressive strength.  To facilitate finishing, side forms carrying no load may be removed after 24 hours with the permission of the Engineer, but the curing process must be continued for 7 days.

  When the results of field-cured cylinder tests are unavailable, the time periods listed in Table 6.01.03-1, exclusive of days when the temperature drops below 40°F, may govern the removal of forms.
Table 6.01.03-1 Time Restrictions for Removal of Formwork
	

	Structure Element
	Minimum Time Period

	Arch Centers, centering under beams, pier caps, and unsupported elements
	14 days

	Slabs on grade, Abutments and Walls
	24 hours

	Columns
	2 days

	Bridge Decks 
	28 days


  The Contractor may submit for review and approval by the Engineer, alternate methods to determine the in-place strength of the concrete for removal of forms and falsework.

  2.  Protection from Environmental Conditions:  The concrete shall be protected from damage due to weather or other environmental conditions during placing and curing periods.  In-place concrete that has been damaged by weather conditions shall be either repaired to an acceptable condition or removed and replaced as determined by the Engineer.

(a) Rain Protection:  The placement of concrete shall not commence or continue unless adequate protection satisfactory to the Engineer is provided by the Contractor.

(b) Hot Weather Protection:  When the ambient air temperature is above 90°F, the forms, which will come in contact with the mix shall be cooled to below 90°F for a minimum of 1 hour prior to and 1 hour after completion of the concrete placement by means of a water spray or other methods satisfactory to the Engineer.

(c) Cold Weather Protection:  When there is a probability of ambient air temperature below 40°F during placement and curing, a Cold-Weather Concreting Plan shall be submitted to the Engineer for review and comment.  The Plan shall detail the methods and equipment, including temperature measuring devices that will be used to ensure that the required concrete and air temperatures are maintained.

1. Placement:  The forms, reinforcing steel, steel beam flanges, and other surfaces which will come in contact with the mix shall be heated to a minimum of 40°F, by methods satisfactory to the Engineer, for a minimum of 1 hour prior to, and maintained throughout, concrete placement.

2. Curing:  For the first 6 days, considered the initial cure period, the concrete shall be maintained at a temperature of not less than 45°F and the air temperature surrounding the structure shall be maintained at a temperature of not less than 60°F.  When the concrete mix includes pozzolans or slag, the initial cure period shall be increased to 10 days.  After the initial cure period, the air surrounding the structure shall be maintained above 40°F for an additional 8 days.  If external heating is employed, the heat shall be applied and withdrawn gradually and uniformly so that no part of the concrete surface is heated to more than 90°F or caused to change temperature by more than 20°F in 8 hours.  The Engineer may reduce or increase the amount of time that the structure must be protected or heated based on an indication of in-place concrete strength acceptable to the Engineer.

(d) Additional Requirements for Bridge Decks:  Prior to the application of curing materials, all the concrete placed on bridge decks shall be protected from damage due to rapid evaporation by methods acceptable to the Engineer.  During periods of low humidity (less than 60% relative humidity), sustained winds of 25 mph or more, or ambient air temperatures greater than 80ºF the Contractor shall provide written details of additional measures to be taken during placement and curing.

  Protection may include increasing the humidity of the surrounding air with fog sprayers and employing wind-breaks or sun-shades.  Additional actions may include reduction of the temperature of the concrete prior to placement, scheduling placement during the cooler times of days or nights, or any combination of these actions.

(e) Concrete Exposed to Salt Water:  No Construction joints shall be formed between the levels of extreme low water and extreme high water or the upper limit of wave action as determined by the Engineer.

  3.  Transportation and Delivery of Concrete:  All material delivered to the Project shall be supplied by a producer qualified in accordance with M.03.  The producer shall have sufficient plant capacity and trucks to ensure continuous delivery at the rate required to prevent the formation of cold joints.

(a) Material Documentation:  All vendors producing concrete must have their weigh scales and mixing plant automated to provide a detailed ticket.  Delivery tickets must include the following information:

1. State of Connecticut printed on ticket

2. Name of producer, identification of plant

3. Date and time of day

4. Type of material

5. Cubic yards of material loaded into truck

6. Project number, purchase order number, name of Contractor (if Contractor other than producer)

7. Truck number for specific identification of truck

8. Individual aggregate, cement, water weights and any admixtures shall be printed on plant tickets

9. Water/cement ratio, and

10. Additional water allowance in gallons based on water/cement ratio for mix

  A State inspector may be present to monitor batching or weighing operations.

  The Contractor shall notify the Engineer immediately if, during the production day, there is a malfunction of the recording system in the automated plant or weigh scales.

  Manually written tickets containing all required information may be allowed for up to 1 hour after malfunction provided they are signed by an authorized representative of the producer.

(b) Transportation of Mixture:  Trucks delivering concrete shall be qualified in accordance with M.03.

  If the concrete mix arrives at the Project with a slump lower than allowed by specification, water may be considered as a means to temper concrete to bring the slump back to within specification.  This tempering may only be done prior to discharge with the permission of the Engineer.  The quantity of water in gallons added to the concrete cannot exceed the allowance shown on the delivery ticket.

  The concrete shall be completely discharged into the forms within 1-1/2 hours from the batch time stamped on the delivery ticket.  This time may be extended if the measured temperature of the concrete is below 90ºF.  This time may also be reduced if the temperature of the concrete is over 90º F.  Rejected concrete shall be disposed of by the Contractor at no cost to the State.

  The addition of chemical admixtures or air entrainment admixtures at the Project Site, to increase the workability or to alter the time of set, will only be permitted if prior approval has been granted by the Engineer.  The addition of air entrainment admixtures at the Project Site will only be permitted by the producer’s quality control staff.  The Contractor is responsible for follow-up quality control testing to verify compliance with the Specifications.

  4.  Acceptance Testing and Test Specimens:  The Contractor shall furnish the facilities and concrete required for sampling, transport to the testing location in the field, performing field testing and for casting sample cylinders for compressive-strength determinations.  The Department will furnish personnel for sampling and casting Acceptance specimens and the number of specimens required will be determined by the Engineer.  The equipment for the Department’s testing is provided for elsewhere in the Contract.

(a) Temperature, Air Content and Slump:  Field testing in accordance with AASHTO T-23, “Making and Curing Concrete Test Specimens in the Field” will be performed at the point of placement and at a frequency determined by the Engineer.

(b) Acceptance Testing and Compressive Strength Specimens:  Concrete samples are to be taken at the point of placement into the forms or molds.  Representatives of the Engineer will sample the mix.
Table 6.01.03-2 Plastic Properties of Portland Cement Concrete

	Standard Mix Class
	Air Content
	Slump3
	Concrete

Temperature

	PCC0334Z1 (3300 psi)
	6.0 +/- 1.5%
	As submitted
	60º-90º F

	PCC0336Z1 (3300 psi)
	
	
	

	PCC0446Z1 (4400 psi)
	
	
	

	PCCXXX8Z1
	7.5 +/- 1.5%
	As submitted 
	

	Modified Standards2
	6.0 +/- 1.5% 2
	As submitted
	

	Special Provision Mix4
	As specified
	As submitted
	

	1 “Z” denotes the Exposure Factor 0, 1 or 2 as described in Table M.03.02-1a

	2 Modifications to Standard Mixes, including mixes placed by pumping, shall be reviewed by the Engineer prior to use.  These include but are not limited to the use of chemical admixtures such as high range water reducing (HRWR) admixtures and the use of coarse aggregate sizes for that class not specified in M.03.

	3 If the only modification is the addition of HRWR, the maximum allowable slump shall be 7 inches.

	4 All concrete mixes with a mix design strength not shown in the table must be approved by the Engineer on a case-by-case basis.  Limits on the plastic properties and strength requirements of these mixes are listed in the Specifications.


  The Contractor shall provide and maintain facilities on the Project Site, acceptable to the Engineer, for sampling, transporting the initial sample, casting, safe storage and initial curing of the concrete test specimens as required by AASHTO T-23.  This shall include but not be limited to a sampling receptacle, a means of transport of the initial concrete sample from the location of the concrete placement to the testing location, a level and protected area of adequate size to perform testing, and a specimen storage container capable of maintaining the temperature and moisture requirements for initial curing of Acceptance specimens.  The distance from the location of concrete placement to the location of testing and initial curing shall be 100 feet or less, unless otherwise approved by the Engineer.

  The specimen storage container described in this section is in addition to the concrete cylinder curing box provided for elsewhere in the Contract.

  After initial curing, the test specimens will be transported by Department personnel and stored in the concrete cylinder curing box until they can be transported to the Division of Materials Testing for strength evaluation.

(c) Sampling Procedure for Pumping:  It is the responsibility of the Contractor to provide concrete that meets specification at the point of placement.

  Samples of concrete shall be taken at the discharge end of the pump at the point of placement with the exception of underwater concrete.  The Contractor may submit an alternate location to provide a sample from the discharge end of the pump with verification showing that the characteristics of the mix will not be altered from that of which would have been attained at the point of placement.  The Engineer will review the documentation and other extenuating circumstances when evaluating the request.

  In the case of underwater concrete the Contractor shall submit the proposed sampling location with the submittals required in 6.01.03-II-6(f).

(d)
Additional field testing:  Additional field testing such as density and yield measurements may be required at the time of placement as determined by the Engineer.

  5.  Progression Cylinders and Compressive Strength Specimens:  Progression Cylinders outlined in this section are field cured compressive strength specimens taken for information related to when a structure or segment of a structure can be loaded or put into service, adequacy of curing and protection of concrete in the structure, or when formwork or shoring may be removed from the structure.  The information produced from strength results of Progression Cylinders will not be considered for acceptance of the concrete.

  The personnel, equipment, and molds for sampling, casting, curing and testing of Progression Cylinders shall be furnished by the Contractor at no expense to the Department.

  Sampling, casting, and field curing of the specimens shall be performed in accordance with AASHTO T23 by an ACI Concrete Field Testing Technician Grade 1 or higher and will be witnessed by a representative of the Department.

  The sample shall be taken at the point of placement into the forms or molds from 1 or more of the same truck loads that an Acceptance sample is taken from.

  A minimum of 2 of cylinder results will be used to determine in-place strength.

  Compression testing shall be performed in accordance with AASHTO T 22 by personnel approved by the Engineer.

  A Certified Test Report in accordance with 1.06.07 shall be provided to the Engineer reporting the Progression Cylinder test results.  A copy of the results of the compressive strength testing shall be provided to the Engineer at least 24 hours prior to any Project activity that the results may control.

  6.  Handling and Placing Concrete:  Concrete shall be handled, placed, and consolidated by methods acceptable to the Engineer that will not segregate the mix and shall result in a dense homogeneous concrete.  The methods used shall not cause displacement of reinforcing steel or other materials to be embedded in the concrete.  Concrete shall not be placed until the forms and all materials have been inspected by the Engineer.  All mortar from previous placements, debris, and foreign material shall be removed from the forms and steel prior to commencing placement.  The forms and subgrade shall be thoroughly moistened with water immediately before concrete is placed.  All water that has ponded within the forms shall also be removed.  Temporary form spreader devices shall not be left in place.
  All laitance or unsound material shall be removed before placing substructure concrete onto the surface of any concrete placed underwater.

  Placement of concrete for each section of the structure shall be performed continuously between construction or expansion joints as shown on the plans.  The delivery rate, placing sequence and methods shall be such that fresh concrete is always placed and consolidated against previously placed concrete before initial set has occurred.  The temperature of the concrete mixture during placement shall be maintained between 60ºF and 90ºF.  During and after placement of concrete, care shall be taken not to damage the concrete or break the bond with reinforcing steel.  Platforms for workers and equipment shall not be supported directly on any reinforcing steel.  Forces that may damage the concrete shall not be applied to the forms or reinforcing steel.
(a) Sequence of Placement:  The sequence of placement shall be in accordance with the Contract or as permitted by the Engineer.

  Concrete for integral horizontal members, such as caps, slabs, or footings shall not be placed until the concrete for the columns, substructure, culvert walls and similar vertical members has achieved sufficient strength as stated in 6.01.03-II-1(m).

  The concrete in arches shall be placed in such a manner as to load the formwork uniformly and symmetrically.

  The base slab or footings of cast-in-place box culverts shall reach sufficient strength before the remainder of the culvert is constructed.

(b) Placement Methods:  The Contractor shall notify the Engineer at least 24 hours in advance of intention to place concrete.

  Vibrators shall not be used to shift the fresh concrete horizontally.  Vibrators shall be adequate to consolidate the concrete and integrate it with the previous lift.

  The rate of concrete placement must not produce loadings that exceed those considered in the design of the forms.

  The use of chutes and pipes for conveying concrete into the forms must be reviewed by the Engineer.  Chutes shall be clean, lined with smooth watertight material and, when steep slopes are involved, shall be equipped with baffles or reverses.  When the discharge must be intermittent, a hopper or other device for regulating the discharge shall be provided.

  Aluminum shall not be permanently incorporated into the concrete unless otherwise specified.

  When placing operations involve dropping the concrete more than 5 feet, the Contractor shall take action to prevent segregation of the mix and spattering of mortar on steel and forms above the elevation of the lift being placed.  This restriction shall not apply to cast-in-place pilings.

  When using stay-in-place forms, concrete shall not be dropped more than 3 feet above the top of the forms, and the concrete shall be discharged directly over the beams or girders.

(c) Pumping:  The Contractor shall use equipment specifically manufactured to pump concrete mixes and that meets the needs of the specific concrete placement.

(d) Consolidation:  Unless otherwise specified, all concrete, except concrete placed under water, shall be sufficiently consolidated by mechanical vibration immediately after placement.

  The Contractor shall provide a sufficient number of commercially available mechanical immersion type vibrators to properly consolidate the concrete immediately after it is placed in the forms unless external form vibrators are used.  The Contractor shall have an adequate number of operable vibrators available in case of breakdown.

  External form vibrators may be used if submitted prior to concrete placement and reviewed by the Engineer.

  Vibration shall not be applied directly to the reinforcement or hardened concrete.  Special care shall be taken in placing and consolidating concrete around ornamental moulds, form liners and other embedded items.  The vibrator shall not touch these items at any time.

(e) Additional Requirements for Bridge Decks:  At least 15 days before the erection of the screed rails, the Contractor shall submit screed erection plans, grades and sequence of concrete placement and proposed rate of placing concrete for review by the Engineer.  These plans shall include details of equipment to be used in the placement and finishing of the concrete, including the number and type of personnel who will be engaged in placing the concrete.  The screed equipment shall be a commercially available vibratory system.  The use of wooden screeds is prohibited.

  When setting screed rails for mechanical finishing, the Contractor shall take into consideration and make proper allowances for the deflection of the bridge superstructure due to all operations.

  Screed and runway supports shall not be located on any stay-in-place metal form sheets, form supports or reinforcing steel.  The Contractor shall operate the mechanical screed at least 24 hours prior to actual placement of the concrete to verify deck survey and equipment operations to the satisfaction of the Engineer.  

  A Pre-Placement Meeting shall be held on the project site with Contractor, Engineer and concrete supplier 48 hours before the concrete deck pour.  The Pre-Placement Meeting will document and include discussion on the following topics:

1. Schedule:

(a) Deck pour sequence

(b) Daily start and finish times for concrete delivery 

(c) Anticipated completion time

2. Key Personnel:

(a) Concrete placement foreman

(b) Total number of personnel involved in deck pour and their roles during the pour

(c) Concrete supplier

(d) Concrete pump truck operator/service

(e) Discuss QC/QA 

3. Placement:

(a) List of approved delivery trucks per pour 

(b) Pre-wetting forms prior to placement

(c) Placement sequence

(d) Rate of concrete placement and vibrator process

(e) Monitor concrete temperature during placement

(f) Transverse joint bulkheads

(g) Approved concrete low-permeability mix design

4. Curing:

(a) Curing materials (burlap, quilted blankets, etc.)

(b) Means for pre-soaking curing materials.

(c) Foggers

(d) Soaker hoses

(e) White Plastic Sheeting

(f) Water source and supply tanks

  Concrete shall be deposited in a uniform manner across the entire width being placed, and only 2 passes of the transverse screed will be permitted over a given deck area, unless otherwise allowed by the Engineer.

  If the Contractor proposes to place concrete outside of daylight hours, an adequate lighting system must be provided.

  Concrete shall be deposited in accordance with the placement sequence as noted on the plans.  If no sequence is indicated, the Contractor shall provide a placement sequence to the Engineer for review.  The placement sequence shall proceed in such a manner that the total deflection or settlement of supporting members, and the final finishing of the surface will occur before the initial set of the concrete takes place.

  At construction joints, concrete shall not be placed against the previously placed concrete for at least 12 hours unless otherwise allowed by the Engineer.

(f) Underwater Placement:  Concrete may only be placed under water within a cofferdam unless otherwise specified in the Contract or allowed by the Engineer.  Placement shall begin following inspection and acceptance of the depth and character of the foundation material by the Engineer.

  Underwater concrete mixes are considered non-standard designs and shall be submitted to the Engineer for approval.  Typically a minimum of 10% additional cement than comparable non-underwater mixes will be required.

  Underwater concrete shall be placed continuously with the surface of the concrete kept as horizontal as practical.  To ensure thorough bonding, each succeeding layer shall be placed before the preceding layer has taken initial set.  For large concrete placements, more than 1 tremie or pump shall be used to ensure compliance with this requirement.

  Mass concrete placement requirements, outlined in 6.01.03-II-6(g), do not apply to underwater concrete.

  To prevent segregation, underwater concrete shall be placed in a compact mass, in its final position, by means of a tremie, concrete pump, or other approved method and shall not be disturbed.  Still water shall be maintained at the point of deposit.  Cofferdams shall be vented during the placement and curing of the concrete to equalize the hydrostatic pressure and thus prevent flow of water through the concrete.

  If a tremie is used, the method of depositing the concrete shall be detailed in a submission to the Engineer as a working drawing for review.  The tube shall have watertight couplings and shall permit the free movement of the discharge end over the area of the work.  

(g) Mass concrete placement:  Mass concrete placement shall be defined as any placement, excluding underwater concrete placement, in which the concrete being cast has dimensions of 5 feet or greater in each of 3 different directions.  For placements with a circular cross-section, a mass concrete placement shall be defined as any placement that has a diameter of 6 feet or greater and a height of 5 feet or greater.  For all mass concrete placements, the mix temperature shall not exceed 85°F as measured at point of discharge into the forms.

  Any special concrete mix design proposed by the Contractor to meet the above temperature requirements shall be submitted to the Engineer for review.

  7.  Finishing Plastic Concrete:  Unless otherwise specified in the Contract, after concrete has been consolidated and prior to final curing, all surfaces of concrete that are not placed against forms shall be struck-off to the planned elevation or slope.  The surface shall be finished by floating with an acceptable tool.  While the concrete is still in a workable state, all construction and expansion joints shall be tooled with an edger.  Joint filler shall be left exposed.  For requirements on float finish, refer to 6.01.03-II-10, Finishing Concrete Surfaces.

  After completion of the placing and finishing operation and for at least 12 hours after the concrete has set, the Contractor shall not operate any equipment in the immediate vicinity of the freshly placed concrete if, in the opinion of the Engineer, it could cause excessive vibration, movement or deflection of the forms.

  The addition of water to the surface of the concrete to assist in finishing operations will not be permitted.

(a) Bridge Decks:  After the concrete has been consolidated and brought to the proper elevation by the screed machine, it shall be finished by use of a suitable float.  The Contractor shall not disturb the fresh concrete after it has been finished.  All finishing work, including the application of the fog spray and placement of the curing mats, shall be performed from work bridges supported above the deck surface.  A work bridge shall be made available to the Engineer for inspection of the concrete work.

  Surfaces that are to be covered with a waterproofing membrane shall be finished to a smooth surface, free of mortar ridges and other projections and in accordance with the membrane manufacturer’s recommendations.

  Unless otherwise noted in the Contract, the concrete wearing surfaces shall be given a skid-resistant texture by dragging, brooming, tining, or by a combination of these methods  These methods shall be done after floating and at such time and in such manner that the desired texture will be achieved while minimizing displacement of the larger aggregate particles.

1. Dragging:  The surface shall be finished by dragging a seamless strip of damp burlap over the surface.  The burlap to be dragged shall consist of sufficient layers and have sufficient length in contact with the concrete to slightly groove the surface.  The burlap shall be drawn longitudinally along the surface in a slow manner so as to leave an even texture.  The burlap shall be kept damp, clean, and free of particles of hardened concrete.  The Contractor may propose an alternate material for the Engineer’s consideration.

2. Tining:  Tining shall be in a transverse direction using a wire broom, comb, or float having a single row of tines or fins.  The tining grooves shall be between 1/16 inch and 3/16 inch wide and between 1/8 inch and 3/16 inch deep, spaced 1/2 inch to 3/4 inch on centers.  Tining shall be discontinued 12 inches from the curb line on bridge decks.  The area adjacent to the curbs shall be given a light broom finish longitudinally.  As an alternative, tining may be achieved using a machine designed specifically for tining or grooving concrete pavements.

  The transverse grooving shall be performed when the grooves can be formed to a maximum depth of 3/16 inch with relative ease and without the walls of the grooves closing in on each other.  The tining shall be aligned so as to prevent overlapping of grooves in any 2 successive transverse passes.  The Contractor shall measure the depth of the grooves in the presence of the Engineer with an appropriate device to ensure compliance.

(b) Surface Testing and Correction:  The completed surface shall be constructed in accordance with grades and cross slopes shown on the plans.  The entire surface shall be checked by the Contractor in the presence of the Engineer, with an acceptable 10 foot straightedge.

1. The surface shall not vary more than +/- 1/8 inch over 10 feet for decks which will not be covered with an overlay.
2. The surface shall not vary more than +/- 1/4 inch over 10 feet for decks which will be covered with an overlay.

  Variances greater than these, which, in the opinion of the Engineer, may adversely affect the riding qualities of the surface shall be corrected, and this shall be done at the expense of the Contractor.  The Contractor shall submit a corrective procedure to the Engineer for review and approval.  The procedure shall correct such irregularities by methods such as, but not limited to, concrete planing or grooving.

  8.  Bearing Surfaces:  Concrete surfaces under metallic masonry plates and elastomeric bearings shall have a float finish.  After the concrete has set, the area which will be in contact with the masonry plate shall be ground as necessary to provide full and even bearing.  The finished surface shall not vary from a straightedge laid on the surface in any direction within the limits of the masonry plate by more than 
0.0625 inch.  Surfaces which fail to conform shall be ground or filled until acceptable to the Engineer.

  9.  Curing Concrete:  All newly placed concrete shall be cured so as to prevent loss of water by use of the methods specified.  The Engineer may request that the Contractor furnish a curing plan.

  The duration of the initial and final curing period in total shall continue uninterrupted for a minimum of 7 days.

(a) Curing Methods:

1. Forms-In-Place Method:  Formed surfaces of concrete may be cured by retaining the forms in place without loosening.  During periods of hot weather, water shall be applied to the forms until the Engineer determines that it is no longer required.
2. Water Method:  Exposed concrete surfaces shall be kept continuously wet by ponding, spraying, or covering with materials that are kept continuously and thoroughly wet.  Such materials may consist of cotton mats, multiple layers of burlap, or other approved materials that do not discolor or otherwise damage the concrete.
3. Waterproof Cover Method:  This method shall consist of covering exposed surfaces with a waterproof sheet material to prevent moisture loss from the concrete.  The concrete shall be wet at the time the cover is installed.  The sheets shall be of the widest practicable width and adjacent sheets shall overlap a minimum of 6.0 inches to form a waterproof cover of the entire concrete surface and shall be adequately secured.  Broken or damaged sheets shall be immediately repaired and the concrete shall be remoistened.
(b) Additional Requirements for Bridge Decks:
  Curing Plan:  The Contractor shall submit to the Engineer, at least 14 days prior to the placement of concrete for the bridge deck, a detailed curing plan that describes the following:

A. the initial and final curing durations, 

B. equipment and materials to be used for curing concrete and monitoring concrete temperature, 

C. and proposed primary and secondary water and heat sources 

1. Initial Curing Period:  A water fog spray shall be used by the Contractor from the time of initial placement until the final curing period begins.  The amount of fog spray shall be strictly controlled so that accumulations of standing or flowing water on the surface of the concrete shall not occur.
  Should atmospheric conditions render the use of fog spray impractical, the Contractor shall request approval from the Engineer to use a curing compound that meets the requirements of M.03 in lieu of a fog spray.  The application shall be in accordance with the manufacturer’s recommendation and be compatible with the membrane waterproofing.

2. Final Curing:  After completion of finishing and as soon as any bleed water has dissipated and the concrete reaches sufficient strength to avoid marring, the Final curing period shall begin and the entire concrete surface shall be covered with water-retaining materials such as cotton mats, multiple layers of burlap, or other materials approved by the Engineer.  Materials used shall be kept saturated by means of an acceptable sprinkler or wetting system.

  The Contractor may cover the wet water-retaining material with a suitable polyethylene film to minimize evaporation during the curing period.  The use of the polyethylene film does not relieve the Contractor from maintaining saturation of the curing materials. 

3. Temperature Monitoring:  The internal temperature of the concrete shall be monitored with a calibrated continuous recording thermometer for a minimum of 7 days.  The air temperature at the concrete surface or the air temperature between the concrete surface and its protective covering shall be monitored with a minimum of 1 recording thermometer.
  The number and placement of the thermometers will be determined by the Engineer.  A minimum of 2 thermometers per concrete placement shall be provided by the Contractor.

  The following types of thermometers shall be used to monitor curing temperatures:

i) Continuously Recording Thermometer:  The thermometer shall be capable of continuously recording temperatures within a range of -4ºF to 122ºF for a minimum of 24 hours.

ii) Maximum–Minimum Recording Thermometer:  For all placements, the thermometer shall be capable of recording maximum and minimum temperatures in a range of -4ºF to 122ºF.
  10.  Finishing Concrete Surfaces:  Any minor repairs due to fins, bulges, offsets and irregular projections shall be performed immediately following the removal of forms.  For areas of newly placed concrete that are honey​combed or segregated the Contractor shall provide a written corrective procedure for review by the Engineer prior to the work being performed.  Construction and expansion joints in the completed work shall be left carefully tooled and free of mortar and concrete.  The joint filler shall be left exposed for its full length with clean and true edges.

  The cavities produced by form ties and all other holes, broken corners or edges, and other defects shall be cleaned, saturated with water, pointed and trued with a mortar conforming to M.11.04.  Cement similar in color to the exposed surface being repaired shall be added to the mortar.  Mortar used in pointing shall be used within 1 hour of mixing.  The concrete shall be finished as defined below if required and the cure continued as previously specified in 6.01.03-II-9, Curing Concrete.

  Finishing work shall not interrupt the curing period unless permitted by the Engineer.  The curing period may be extended to provide the minimum total number of days required. 

  Concrete surface finishes shall be classified as follows:

(a) Float Finish:  This finish shall be achieved by placing an excess of material in the form and removing or striking off of such excess forcing the coarse aggregate below the mortar surface.  Concave surfaces in which water will be retained will not be allowed.  After the concrete has been struck off, the surface shall be thoroughly worked and floated.  Before this last finish has set, the surface shall be lightly stripped with a fine brush to remove the surface cement film, leaving a fine-grained, smooth, but sanded texture.  Curing, as specified elsewhere, shall follow.  Any surfaces that will support appurtenances such as light standards, railing, or fences shall be finished in accordance with 6.01.03-II-8, Bearing Surfaces.

(b) Rubbed Finish:  The initial rubbing shall only be allowed within 3 days after placement.  The entire surface shall be thoroughly wet with a brush and rubbed with a No. 16 Carborundum Stone or an abrasive of equal quality, bringing the surface to a paste.  The rubbing shall be continued sufficiently to remove all form marks and projections, producing a smooth, dense surface without pits or irregularities.  The paste formed by the rubbing may be finished by stripping with a clean brush, or it may be spread uniformly over the surface and allowed to re-set.  If all or portions of the rubbed surface are unacceptable to the Engineer or a rubbed finish is not provided within 3 days after removal of forms, the Contractor will be directed to provide a grout clean down finish.
(c) Grout Clean-Down Finish:  As soon as all cavities have been filled as required elsewhere and the cement mortar has set sufficiently, grout clean-down shall be performed.  All burrs, unevenness, laitance, including that in air holes, and any other material which will adversely affect the bond of the grout to the concrete, shall be removed by acceptable methods.  This cleaning shall be done from the top or uppermost part of the surface to be finished to the bottom.

  A mixture of a fine aggregate and Portland cement shall be thoroughly blended while dry.  The proportions shall be such that when mixed with the proper amount of water, the color will match that of the concrete to be finished.  Water shall be added to this mixture in an amount which will bring the grout to a workable thick paint-like consistency.

  The surface to be treated shall be thoroughly wetted with a sufficient amount of water to prevent the absorption of water from the grout.  Grout shall then be applied to the wetted surface before setting of the grout occurs.  Grout which has set shall not be re-tempered and shall be disposed of by the Contractor at no cost to the State.

  The grout shall be uniformly applied over the entire surface, completely filling all air bubbles and holes.  Immediately after applying the grout, the surface shall be floated with a suitable float, scouring the surface vigorously.  While the grout is still plastic, all excess grout shall be removed.

  After the final rubbing is completed and the surface has dried, it shall be rubbed to remove loose powder and shall be left free from all unsound patches, paste, powder, and objectionable marks.  Wetting, application and removal of excess grout shall be completed in 1 work shift.

  All finished surfaces shall be cured for a minimum of 24 hours.  Horizontal surfaces shall have a float finish and vertical exposed surfaces shall have a rubbed finish.  A grout clean down finish may be substituted for a rubbed finish as noted in this section or as directed by the Engineer.
  11.  Mortar, Grout, Epoxy and Joint Seal:
(a) Mortar and Grout:  This work consists of the making and placing of mortar and grout.  At least 48 hours prior to the planned use, a copy of the installation instructions and MSDS sheets shall be provided to the Engineer for review and concurrence of their applicability and for verification of proper hole sizes in concrete structures.  Such uses include mortar for filling under masonry plates, mortar used to fill voids and repair surface defects, grout used to fill sleeves for anchor bolts, and mortar and grout for other such uses where required or approved.

  Concrete areas to be in contact with the mortar or grout shall be cleaned of all loose or foreign material that would in any way prevent bond, and the concrete surfaces shall be flushed with water and allowed to dry until no free-standing water is present.

  The mortar or grout shall completely fill and shall be tightly packed into recesses and holes, on surfaces, under structural members, and at other locations specified.  After placing, all surfaces of mortar or grout shall be cured as previously specified in 6.01.03-II-9(a)-2, for a period of not less than 3 days.

(b) Epoxy:  The epoxy shall be prepared and placed in accordance with the manufacturer's directions and with the equipment prescribed by the manufacturer.  Instructions furnished by the supplier for the safe storage, mixing, handling and application of the epoxy shall be followed.  Contents of damaged or previously opened containers shall not be used.

(c) Joint Seal:  This work consists of sealing joints where shown on the plans or as otherwise directed by the Engineer.

  Before placement of the sealing material, the joints shall be thoroughly cleaned of all scale, loose concrete, dirt, dust or other foreign matter.  Projections of concrete into the joint space shall be removed.  The joint shall be clean and dry before the sealing compound is applied.

  The joint sealant shall be prepared and placed in accordance with the manufacturer's directions and with the equipment prescribed by the manufacturer.  The sealing compound shall be flush with, or not more than 1/8 inch above the adjacent surface of concrete, cutting off all excess compounds after the application.  The joints shall be sealed in a neat and workmanlike manner and when the work is completed, the joints shall effectively seal against infiltration of moisture and water.

  The Contractor shall arrange for, and have present at the commencement of the joint-sealing operation, a technically competent manufacturer’s representative knowledgeable in the methods of installation of the sealant.  The Contractor shall also arrange to have the representative present at such other times as the Engineer may request.

(d) Closed Cell Elastomer:  The closed cell elastomer shall be of the thickness specified and installed as shown on the plans and shall be in accordance with M.03.08-6.
  12.  Application of Loads:  Loads shall not be applied to concrete structures until the concrete has attained sufficient strength and, when applicable, sufficient pre-stressing and post tensioning has been completed, so that damage will not occur.  The means to determine when the concrete has attained sufficient strength shall be the use of Progression cylinders as defined elsewhere in this specification, or other means approved in advance by the Engineer.
(a) Earth Loads:  The placement of backfill shall not begin until the concrete is cured and has reached at least 80% of its specified strength unless otherwise permitted by the Engineer.  The sequence of placing backfill around structures shall minimize overturning or sliding forces and flexural stresses in the concrete.

(b) Construction Loads:  Light materials and equipment may be hand carried onto bridge decks only after the concrete has been in place at least 24 hours providing curing is not interfered with and the surface texture is not damaged.

  Prior to the concrete achieving its specified compressive strength, any other live or dead loads imposed on existing, new, or partially completed portions of structures, shall not exceed the reduced load carrying capacity of the structure, or portion of structure.  The Contractor may be required to submit calculations to the Engineer that verify these requirements are being met.  The compressive strength of concrete (f' c) to be used in computing the load-carrying capacity shall be the smaller of the actual field compressive strength at the time of loading or the specified design strength of the concrete.  The means to determine the actual field compressive strength shall be approved by the Engineer.

  For post-tensioned structures, no live or dead loads shall be allowed on any span until the steel for that span has been tensioned.

(c) Precast concrete or steel girders shall not be placed on substructure elements until the substructure concrete has attained 85% of its specified strength.

  No load shall be allowed on mortar or grout that has been in place less than 72 hours.

(d) Traffic Loads:  The concrete deck will not be opened to traffic until at least 14 days after the last placement of deck concrete and until such concrete has attained its specified strength.

  13.  Dispute Resolution:  The basis of any dispute resolution is side-by-side and quality control testing by the Contractor or the Contractor’s representative.  The Contractor and Engineer should perform independent testing on the material to reasonably establish the true characteristics of the material at the time of delivery.  Absent of Contractor QC testing, the Engineer’s test results will apply to the quantity of concrete represented by the sample, not to exceed 75 c.y.

  Air Content:  Contractor QC Testing must be performed by personnel qualified by The American Concrete Institute as an ACI Concrete Field Testing Technician Grade 1 or higher and performed in accordance with AASHTO T-23.  If the Contractor’s test results vary from those of the Engineer, the Contractor shall immediately notify the Engineer of the difference and work cooperatively to determine the reasonable cause and recognize the valid test.  Should there be agreement, the result of the valid test will be used for acceptance and adjustment purposes for that lot of material.  Should there not be an agreement as to the valid test, an additional set of tests should be performed.  Results of all valid tests on the same lot may be averaged and used for acceptance and adjustment purposes.  Should the Contractor wish to perform additional QC testing on subsequent material, the lot sizes may be adjusted to the amount of material included in that specific delivery.  Any such QC testing must be witnessed and agreed to by the Engineer.

  Compressive Strength:  Contractor QC testing for compressive strength must be performed in accordance with AASHTO T-22 by personnel approved by the Engineer.  Samples used to dispute the Engineer’s test results must be made simultaneously and from the same batch of concrete.  Should the Contractor wish to pursue a dispute resolution with regard to compressive strength, the Contractor shall submit in writing to the Engineer all test results, control charts, or other documentation that may be useful in determining if the specific lot(s) of material met the Contract specifications.  The Engineer will consider the submittal and may average specific test results on the disputed lot(s) for acceptance and adjustment purposes.  Destructive testing of any kind on the placed concrete structure will not be allowed.
III.  Additional Requirements for Surface Repairs and Structural Repairs

  1.  Work Area Access and Shielding:  Prior to removal of existing concrete, the Contractor shall provide access to the anticipated work areas so that the inspector and the Contractor may together determine and delineate the exact limits and locations of the work.

  The Contractor shall design, furnish, install and remove a shield(s) to prevent debris from entering areas adjacent or beneath the work.  The Contractor shall submit working drawings to the Engineer in accordance with 1.05.02.  The shield(s) shall be maintained by the Contractor and remain in place during all phases of the repair work.

  2.  Concrete Removal:  The perimeter of each area to be repaired shall be saw cut as shown on the plans.  All concrete within that area shall be removed to at least 1 inch beneath any visible reinforcing steel and to sound concrete.  The reinforcing steel shall not be damaged or its bond in the surrounding concrete. The Contractor must use fifteen (15) pound hammers or other methods accepted by the Engineer.  

  In addition to removal of concrete to a depth of 1 inch below reinforcing steel, localized areas of removal may be required if embedded galvanic anodes are specified in the Contract, to allow a minimum of 2 inches of concrete cover over the anodes.

Any steel reinforcing scheduled to be left in place that is damaged during the concrete removal process shall be replaced in accordance with 6.02 to the satisfaction of the Engineer and at the expense of the Contractor. 

  Corroded, missing, or broken reinforcing steel shall be replaced in accordance with 6.02 and as shown on the plans or as directed by the Engineer.
  The Contractor shall perform the work in a manner that prevents debris from entering roadway lanes or areas below the structure.  All debris shall be removed from the Site and disposed of by the Contractor.

  3.  Surface Preparation:  All newly exposed surfaces of concrete shall be sandblasted and be visibly free from oil, solvent, grease, loose particles, or any other foreign matter.  Exposed reinforcing steel shall be sandblasted in accordance with SSPC-SP-6, Commercial Blast Cleaning, to remove all contaminants, rust and rust scale.

  4.  Installation of Embedded Galvanic Anodes:  After sandblasting reinforcing steel, galvanic anodes shall be embedded where shown on the plans and in accordance with the Contract.
  5.  Welded Wire Fabric in Vertical and Overhead Surface Repairs:  Prior to installing formwork, steel welded wire fabric meeting the requirements of M.06.01-3 shall be installed at the proper depth in those areas as shown on the plans or directed by the Engineer.  The fabric shall be tied to exposed reinforcing steel or anchored to sound concrete using means approved by the Engineer. 

  6.  Formwork:  Forms and support systems shall be designed in accordance with 6.01.03-II-1.  Forms shall be so designed so that access is from the top of the formwork.  If access is not possible from the top of the formwork, the Contractor shall submit a method of concrete placement for review by the Engineer.

  7.  Concrete Placement and Curing:  Bonding compounds shall not be used before or during the placement of the concrete.  Exposed surfaces shall be wetted with water immediately prior to placement.  There shall be no excessive water on the surface or in the formwork.  Light rust on sandblasted reinforcing steel can be anticipated and is acceptable.

  The temperature of the air and surface to be repaired at the time of placement and curing shall be a minimum of 45°F.  Concrete shall be placed and consolidated immediately with appropriate vibratory equipment.  

  Forms shall be kept moist and shall be left in place for a minimum of 7 days or as shown on the plans.

  8.  Form Removal and Sequence of Repair:  Form removal shall be in accordance with 6.01.03-II-1(m) unless otherwise noted on the plans.  The Contractor shall follow the sequence of repairs shown on the plans.   

  9.  Finishing:  Immediately following curing and form stripping, the exposed faces shall be finished in accordance with Subarticle 6.01.03-II-10(c) Grout Clean-Down Finish.

  10.  Sounding of Completed Repairs:  Cured and finished areas may be sounded by the Engineer to detect the presence of subsurface voids or delamination.  Such areas shall be removed and replaced by the Contractor at its expense until an acceptable repair is in place as determined by the Engineer.

  11.  Sealing Concrete Surfaces:  After all repairs have been accepted, penetrating sealer shall be applied in accordance with the Contract to the repaired areas as well as all contiguous areas to the repair or as directed by the Engineer.

  6.01.04—Method of Measurement:  This work will be measured for payment as follows:

  1.  Concrete used for new construction:  The quantity of concrete used for new construction will be the actual volume in cubic yards of the specified class, with the exception of underwater concrete, completed and accepted within the neat lines as shown on the plans or as ordered by the Engineer.  Parapets will be measured for payment by the number of linear feet of parapet, completed and accepted.  The length of parapet will be measured along the centerline of the top of the parapet.
  When concrete is placed against bedrock, a maximum of 6 additional inches beyond the neat lines can be measured for payment.

  No deduction will be made for panels, form liners, reinforcing bars, structural steel shapes or for pile heads.  There will be no deduction made for the volume occupied by culvert and drainage pipes, scuppers, weep holes, public utility structures or any other opening, unless the surface area of any such single opening is 9 s.f. or more.

  In the case of culverts or drainage pipes, the computation of the surface area will be based on the nominal diameter of the pipe, disregarding the thickness of the shell.

  Miscellaneous materials necessary for completion of the work such as felt, mortar, grout, epoxy and joint seal will not be measured for payment.

  Incidental work such as forming for anchor bolts, utilities, keyways, and sampling and testing will not be measured for payment.

  The work to produce and administer the Concrete Quality Control Plan (CQCP) will not be measured for payment.

  2.  Underwater Concrete:  When underwater concrete is used, it will be measured by the volume in cubic yards within the actual horizontal limits of the cofferdam and between the elevations established by the Engineer.
  3.  Concrete used for Surface or Structural Repairs:  The quantity of concrete used for surface repairs or structural repairs will be the actual volume completed and accepted.  Welded wire fabric used in repair areas will not be measured for payment.

4.  Joint Filler:  This material will be measured by the area in square feet of the joint filler, of the type and thickness specified, installed and accepted.

5.  Closed Cell Elastomer:  This material will be measured by the volume in cubic inches of elastomer, of the thickness specified, installed and accepted. 

  6.01.05—Basis of Payment:  Payment for this work will be made as follows:

  1.  Concrete:  Progress payments may be allowed for completed major labor elements of work such as forming, placing and curing.  Prior to placement, the Contractor shall submit a proposed schedule of values for review and approval by the Engineer.

  Payment for any lot of concrete allowed to remain in place will be adjusted when the field and laboratory testing of the material is completed.  The quantity of concrete in each lot for new construction will be a maximum of 75 c.y.  Payment for each lot of concrete will be adjusted based on the results of the acceptance testing performed by the Engineer.

  The pay factors listed in Table 6.01.05-1 apply for Standard and Modified Standard Mix classes with regard to entrained air content.
Table 6.01.05-1 Entrained Air Content Pay Factors

	Specified Entrained air (%)*
	Pay factor (%)

	6.0 +/- 1.5%
	7.5 +/- 1.5%
	1.00 (100)

	4.3 and 4.4
	7.6 and 7.7
	5.8 and 5.9
	9.1 and 9.2
	0.98 (98)

	4.1 and 4.2
	7.8 and 7.9
	5.6 and 5.7
	9.3 and 9.4
	0.96 (96)

	3.9 and 4.0
	8.0and 8.1
	5.4 and 5.5
	9.5 and 9.6
	0.94 (94)

	3.7 and 3.8
	8.2 and 8.3
	5.2 and 5.3
	9.7 and 9.8
	0.92 (92)

	3.5 and 3.6
	8.4 and 8.5
	5.0 and 5.1
	9.9 and 10.0
	0.90 (90)

	Concrete lots with less than 3.5% or greater than 8.5% entrained air will be rejected.
	Concrete lots with less than 5.0% or greater than 10% entrained air will be rejected.

	*Air content measured at time and point of placement


  The pay factors listed in Table 6.01.05-2a apply for Standard and Modified Standard Mix classes with regard to compressive strength.

Table 6.01.05-2a Compressive Strength Pay Factors

	Compressive Strength (%)
	Pay factor (%)

	95 or greater
	1.00 (100)

	90 to 94.9
	0.95 (95)

	85 to 89.9
	0.90 (90)

	*Measured at 28 days

	Concrete lots with less than 85% specified strength will be rejected.


  The pay factors listed in Table 6.01.05-2b apply for Standard and Modified Standard Mix classes with regard to surface resistivity when specified in accordance with AASHTO T 358 using 4 inch × 8-inch cylinders.

	Table 6.01.05-2b Permeability Pay Factors

Surface Resistivity (kΩ-cm)*
	Pay factor (%)

	29 or greater
	1 (100)

	25 to 28.9
	0.85 (85)

	21 to 24.9
	0.75 (75)

	*Measured at 56 days

	Concrete lots with resistivity values less than 21 will be rejected.


  The payment adjustment value for entrained air, 28-day strength, and permeability if applicable, for any lot of concrete for new construction that is allowed to remain in-place is determined using the formulas listed in Table 6.01.05-3a.  An Index Price of $400.00 per c.y. will be used to calculate each adjustment, except for Parapet Concrete, for which an Index Price of $100 per l.f. will be used.  The sum of the individual adjustment values will be deducted from the cubic yard or linear foot payment for the appropriate item.

Table 6.01.05-3a Payment Adjustment Formulas for New Construction

	Adj (air) =

(1 - air pay factor) × Index Price × lot size (c.y. or l.f.)

	Adj (strength) =

(1 - strength pay factor) × Index Price × lot size (c.y. or l.f.)

	Adj (permeability) =

(1 – permeability pay factor) × Index Price × lot size (c.y. or l.f.)

	Total Adjustment = Adj (air) + Adj (strength) + Adj (permeability)


  The payment adjustment value for entrained air and 28-day strength for any lot of repair concrete that is allowed to remain in-place is determined using the formulas listed in Table 6.01.05-3b.  An index price of $200.00 per c.f. shall be used to calculate each adjustment.  The total adjustment value will be the sum of each individual adjustment value and will be deducted from the cubic foot payment for the appropriate item.

Table 6.01.05-3b Payment Adjustment Formulas for Repair Concrete

	Adj (air) =

(1 - air pay factor) × $200/c.f. × lot size (c.f.)

	Adj (strength) =

(1 - strength pay factor) × $200/c.f. × lot size (c.f.)

	Total Adj = Adj (air) + Adj (strength)


  The Contractor shall request permission from the Engineer to remove and replace a lot(s) of concrete to avoid a negative payment adjustment.  Any replacement material will be sampled, tested and evaluated in accordance with this specification.

  No direct payment will be made for any labor, equipment or materials used during the sampling and testing of the concrete for Progression or Acceptance.  The cost shall be considered as included in the general cost of the work or as stated elsewhere in the Contract.  The work of transporting the concrete test specimens, after initial curing, for Acceptance testing will be performed by the Department without expense to the Contractor.

  This material used for new construction will be paid for at the Contract unit price per cubic yard or linear foot less any adjustments, for the specified class, complete in place, which price shall include all materials, equipment, tools, labor and work incidental thereto, including Concrete Quality Control Plan, heating, all admixtures, joint sealer, roofing felt, and any miscellaneous materials such as metal flashing and metal used in expansion joints and bearings.

2. Underwater Concrete:  When this class of concrete is used, it will be paid for at the Contract unit price per cubic yard for "Underwater Concrete," complete in place, which price shall include all materials, equipment, tools, labor and work incidental thereto.

3. Concrete Used For Structural Repairs or Surface Repairs:  The material used for structural repairs or surface repairs will be paid for at the Contract unit price per cubic foot less any adjustments, complete in place, which price shall include saw cutting, removing concrete, sandblasting, cleaning, forming, placing, curing, stripping, and finishing new surfaces, and all materials, equipment, tools, labor and clean-up incidental thereto.
4. Joint Filler:  Expansion joint filler will be paid for at the Contract unit price per square foot for "Joint Filler for Bridges" of the type and thickness specified, complete in place, which price shall include all materials, equipment, tools, labor and work incidental thereto.

5. Closed Cell Elastomer:  Closed cell elastomer will be paid for at the Contract unit price per cubic inch for “Closed Cell Elastomer” of the thickness specified, complete in place, which price shall include all materials, equipment, tools, labor and work incidental thereto.
  Embedded galvanic anodes, deformed steel bars, and penetrating sealer, will be paid for separately.

  Pay Item
Pay Unit

Footing Concrete
c.y.

Footing Concrete (Mass)
c.y.

Abutment and Wall Concrete
c.y.

Abutment and Wall Concrete (Mass)
c.y.

Column and Cap Concrete
c.y.

Column and Cap Concrete (Mass)
c.y.

Bridge Deck Concrete
c.y.

Bridge Deck Concrete (SIP Forms)
c.y.

Parapet Concrete
l.f.
Bridge Sidewalk Concrete
c.y.

Approach Slab Concrete
c.y.

Barrier Wall Concrete
c.y.

Underwater Concrete
c.y.

Surface Repair Concrete
c.f.

Structural Repair Concrete
c.f.

Class PCCXXXYZ Concrete
c.y.

(Thickness and Type) Joint Filler for Bridges
s.f.
(Thickness) Closed Cell Elastomer
c.i.

SECTION 6.01

