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ITEM 6010102 – SILICA FUME CONCRETE FOR BRIDGE DECKS

1.0 Description:

The work under this item shall consist of furnishing all materials and constructing bridge decks using silica fume concrete to the dimensions shown on the project plans and to the lines and grades established by the Engineer and in accordance with the requirements of the specifications.  The work under this item shall also include a field demonstration prior to placement of the bridge deck.

The use of a previously approved mix design will be permitted provided the most recent approval and mix history is within the previous two years and all components of the mixture have not changed.  Submittals for mix designs and mix history are reviewed by the Construction & Materials Group for preapproval.

For new silica fume mix designs, the contractor shall submit the name and contact information of the silica fume concrete supplier to the Engineer, within 15 days after contract execution.  A minimum of 90 days should be allocated for development, testing, review, and approval of new silica fume concrete mix designs.

No demolition work shall begin until a silica fume concrete mix design has been approved by the Engineer.

2.0	Materials:

All materials and work performed shall be in accordance with Sections 601 and 1006 of the specifications unless otherwise noted herein.

Silica fume concrete shall consist of a mixture of hydraulic cement, fly ash, silica fume, fine aggregate, coarse aggregate, and water. It may also contain air‑entraining admixtures, chemical admixtures, and fiber reinforcement.

2.01	Hydraulic Cement:

Hydraulic cement shall conform to the requirements of Section 1006 of the specifications, except Type III shall not be used.

2.02			Water:

The water shall conform to the requirements of Section 1006 of the specifications.

2.03			Aggregates:

The coarse aggregate and fine aggregate shall conform to the requirements of Section 1006 of the specifications.

2.04			Chemical and Air-Entraining Admixtures:

Chemical and air-entraining admixtures shall conform to the requirements of Section 1006 of the specifications.

2.05			Supplementary Cementitious Materials:

Fly ash and natural pozzolan shall conform to the requirements of Section 1006 of the specifications except only fly ash and natural pozzolan conforming to the requirements of ASTM C618 for Class F mineral admixture shall be permitted.

Silica fume shall conform to the requirements of ASTM C1240. Only densified silica fume shall be permitted.  Interground silica fume with cement will not be acceptable.  Silica fume in bulk or bagged form shall be kept dry.

2.06			Fiber Additive:

Only fiber additives meeting the requirements herein that are on the Department’s Approved Products List (APL) shall be used.  Copies of the most current version of the APL are available on the internet from the ADOT Research Center through its Product Evaluation Program.

Fiber additive shall conform to the requirements of ASTM C1116 and ASTM D7508.  Fiber additive shall be polymeric, made from 100 percent virgin materials, non-corrosive, non-magnetic, and 100 percent alkali free.

The specific type, size, and quantity of fiber shall be determined by the mix designer.

For silica fume concrete placed for a bridge deck or an overlay, micro fiber additive may be used for plastic shrinkage control, subject to approval by the Engineer.

For silica fume concrete placed as an overlay, macro fiber additive shall have a length of 1.5 inches or longer and have a configuration that allows for maximum bond and dispersion in the concrete.  A minimum of 5 pounds of fiber per cubic yard of concrete shall be added at the plant during concrete batching.

3.0			Design of Silica Fume Concrete Mixtures:

3.01			Design Criteria:

Silica fume concrete shall conform to the requirements specified in Table 1 and be proportioned in accordance with Section 4.2.3 of ACI 301 to minimize shrinkage.

	TABLE 1
Silica Fume Concrete Mix Design Requirements

	Minimum 28 Day Compressive Strength Required = 4,500 psi

	Material/Property
	Min.
	Max.
	Unit

	Cementitious Material (see Note 1)
	595
	705
	Lbs/CY

	Hydraulic Cement
	450
	495
	Lbs/CY

	Fly Ash 
	120
	175
	Lbs/CY

	Fly Ash (by weight of Cementitious Material)
	20
	25
	Percent

	Silica Fume (by weight of Cementitious Material)
	4
	
	Percent

	Water
	235
	315
	Lbs/CY

	Water/Cementitious Materials Ratio
	0.40
	0.45
	

	Coarse and Fine Aggregates (see Note 2)
	
	
	

	Water Reducers (see Note 3)
	
	
	

	Air-Entraining Admixture (see Note 3)
	
	
	

	Air Content  (see Note 4)
	4.5
	7.5
	Percent

	Slump (see Note 5 and 1006-4.04)
	
	
	

	Macro Fiber Additive for Overlays (Note 6)
	5
	
	Lbs/CY

	Note 1:  The maximum quantity of cementitious material (Portland cement, fly ash, silica fume) permitted in the mix is based on the nominal maximum aggregate size of the aggregate used in the mix and shall be limited by the amounts indicated below:
Nominal Maximum Aggregate Size           Maximum Cementitious Material Content (Lbs/CY)
1”                                                            615
3/4”                                                       660
1/2”                                                       685
3/8”                                                       705

	Note 2:  The amount of coarse aggregate, the amount of fine aggregate, and the combined aggregate gradation shall be provided by the contractor.

	Note 3:  The type and amount of chemical and air-entraining admixtures shall be provided by the contractor, subject to approval by the Engineer.  The aggregate correction factor shall be included in the mix design for air entrained mixtures.

	Note 4:  The air content requirements are waived when the concrete is placed at an elevation below 3,000 feet.

	Note 5:  The proposed slump shall be chosen by the contractor.  Concrete at the proposed slump shall be sufficiently workable to allow proper placement without harmful segregation, bleeding, or incomplete consolidation.

	Note 6:  When silica fume concrete is placed as an overlay, the concrete shall contain macro fibers.  Micro fibers may be used for plastic shrinkage control, subject to approval by the Engineer.




The coarse aggregate size designation shall be chosen by the contractor and approved by the Engineer and shall conform to the size designation and grading requirements of AASHTO M 43.  Alternatively, if coarseness and workability factors are utilized to minimize paste content, the factors shall be submitted on a chart similar to that provided in Figure 6.1 of ACI 302.1R-04, Guide for Concrete Floor and Slab Construction.

In choosing the size designation, the maximum size of coarse aggregate shall not be larger than one fifth of the narrowest dimension between the sides of adjacent forms, or two thirds of the minimum clear spacing between reinforcing bars, or two thirds of the minimum clear spacing between reinforcing bars and the sides of adjacent forms, or one third of the depth of the placement, whichever is least.

3.02			Trial Batch:

Prior to approval of the silica fume concrete mix design the contractor shall perform a laboratory trial batch of the proposed silica fume concrete.  A trial batch will not be required for a previously approved mix design prepared within the last two years.

In addition to the requirements in Table 1, trial batches for silica fume concrete shall demonstrate that the properties of the mixture meet the performance criteria shown in Table 2.

	TABLE 2
Silica Fume Concrete Properties and Performance Criteria

	Concrete Properties
	Test Method
	Minimum
	Maximum

	Concrete Temperature, at point of placement
	ASTM C1064
	50 ºF
	90 ºF

	Rapid Chloride Permeability (RCP)
	ASTM C1202
	
	1,200 coulombs at 56 days

	Shrinkage Potential (see Note 1)
	ASTM C157
	
	0.04% at 28 days

	Note 1:  Shrinkage Potential shall be determined in accordance with ASTM C157, however, the conditioning period shall be modified to consist of an initial 7-day wet curing period followed by a 21-day dry curing period.



3.03			Mix Design and Trial Batch Submittals:

Prior to any silica fume concrete placement, the contractor shall submit to the Engineer for approval either a previously approved mix design or a new mix design.  For a new mix design, the submittal shall also include the results of the trial batch(s).  A minimum of 90 days should be allocated for development, testing, review, and approval of new silica fume concrete mix designs.

The mix design shall be submitted with the following test data and information which may be included in, or be in addition to, the requirements of Subsection 1006-3.02 of the specifications, demonstrating the properties of the silica fume concrete mix:

a) Design strength
b) Water/cementitious material ratio
c) Fiber type and content
d) Paste content
e) Slump range
f) Target air content
g) Air content of mortar phase
h) Aggregate correction factor for air entrained mixtures
i) Maximum rapid chloride permeability
j) Maximum shrinkage potential

Additionally, the submittal shall provide the mix history or test results of the trial batch specimens for the following:

a) 28-day and 56-day compressive strength
b) Slump
c) Air content
d) Concrete temperature
e) Rapid chloride permeability (RCP), determined in accordance with the requirement of ASTM C1202 / AASHTO T 277
f) Shrinkage potential, determined in accordance with the requirements of ASTM C157, the conditioning period, however, shall be modified to consist of an initial 7-day wet curing period followed by a 21-day dry curing period.  The shrinkage potential shall not exceed 0.04 percent or less at 28 days

4.0			Mixing:

The concrete batch shall be mixed in accordance with the requirements of Section 1006 of the specifications. If the concrete contains fiber additives, the concrete shall be monitored to ensure it is thoroughly mixed.

The minimum and maximum allowable air content and slump at point of placement shall be as defined in Table 1.  When slump maintenance or adjustment are needed for concrete delivered in truck mixers at the maximum water/cementitious ratio, it shall be accomplished only by the adjustment of water reducers, conforming to the requirements of ASTM C494.  Unless otherwise recommended by the product manufacturer, additions of water reducer or air-entraining admixture shall be mixed by 30 revolutions of the drum at mixing speed after the admixture has been added, prior to discharge of any concrete for placement.

Any water necessary to clean fins or the chute after the addition of admixtures will not be allowed unless such water is accounted for on the mix delivery ticket and does not exceed the total quantity of water indicated on the approved mix design.  Any additional admixtures, water to clean fins or chute, and mixing revolutions shall be recorded on the delivery ticket as specified in Subsection 1006-4.01 of the specifications.

Dissolvable bags used to introduce silica fume or fibers into the mix shall become fully dissolved during mixing and shall not adversely affect the properties of the concrete.  If bag fragments are observed during discharge, the batch will not be accepted.

5.0			Submittals:

The contractor shall provide the following submittals for approval as described below:

(a)	Mix Design – The contractor should allow a minimum of 90 days for completion and approval of a new mix design.  See Subsection 3 for mix design requirements.  An approved mix design is required prior to any silica fume concrete placement.

(b)	Field Demonstration Report – The contractor shall submit the Field Demonstration Report to the Engineer following the Field Demonstration in accordance with Subsection 6.02.

(c)	Evaporation Mitigation and Concrete Protection Plan – The contractor shall submit the Evaporation Mitigation and Concrete Protection Plan at the Pre-Placement Meeting in accordance with Subsection 6.03.  See Subsection 7 for requirements of the plan.

(d)	Concrete Curing Plan – The contractor shall submit the Concrete Curing Plan at the Pre-Placement Meeting in accordance with Subsection 6.03.  See Subsection 9 for curing requirements.

(e)	Concrete Placement Plan – The contractor shall submit a Concrete Placement Plan meeting the requirements of Subsection 6.04 to the Engineer at the Pre-Placement Meeting.

(f)	Quality Control Submittal – The contractor shall submit a document detailing the quality control organization and staff qualifications at the Preconstruction Conference. This document shall include the name, contact information, and credentials of the quality control technicians and any associated engineering/materials testing firm. See Subsection 11 for additional information.

6.0			Construction Requirements:

The contractor shall coordinate the silica fume concrete construction operations and schedule with the Engineer in accordance with the following.

6.01			Pre-Field Demonstration Meeting:

A silica fume concrete pre-field demonstration meeting shall be held before any silica fume concrete placement. The purpose of the pre-field demonstration meeting is to review silica fume concrete requirements for the project and to discuss the impact of silica fume concrete practices and work on the project with the contractor. This meeting shall include the Engineer and other designated Department personnel, the contractor, subcontractors, quality control staff, quality control manager, suppliers, and other parties who will be responsible for implementing the work in accordance with the project plans and specifications.

At the discretion of the Engineer, provided the contractor has previously demonstrated successful placement and curing of silica fume concrete on a project similar in size and scope, the requirements for a full field demonstration may be reduced to determination of the air content, slump, and temperature of the silica fume concrete before and after pumping.  Any reduction in field demonstration requirements will be considered prior to the pre-field demonstration meeting following written request by the contractor.

6.02			Field Demonstration:

The contractor shall, a minimum of 14 days prior to any silica fume concrete placement, perform a field demonstration of the silica fume concrete placement proposed for the bridge deck. The field demonstration shall include the production, transportation, pumping, placement, finishing, and curing of silica fume concrete proposed for the bridge deck. To simulate the job conditions during the actual silica fume concrete placement, all aspects of the work shall be duplicated including batching, transportation, travel conditions, placement, equipment, protection, and curing.  During the field demonstration, the anticipated pump configurations shall be established and the effects of such on the properties of the plastic concrete shall be determined by obtaining multiple samples, as deemed necessary by the Engineer.  The field demonstration shall be carried out by the same personnel that will be placing the silica fume concrete on-site, and shall use the same equipment to be used on the job. The location of the field demonstration shall be at a location in the proximity of the job site, as approved by the Engineer.

The field demonstration shall consist of at least 20 cubic yards.  Any silica fume concrete used to prime the pump shall be wasted.  The contractor shall demonstrate proper batching, placement, protection, finishing, and curing of silica fume concrete.  The silica fume concrete shall be tested on site for conformance with the slump and air content requirements at the final point of discharge of the placement.  Slump, air, and temperature shall be determined both before and after pumping.

The field demonstration is the responsibility of the contractor.  If the Engineer determines that the contractor’s silica fume concrete practices in the field demonstration are not acceptable or do not conform to the specifications, the field demonstration shall be repeated until all processes for production, transporting, pumping, placing, finishing, protecting, curing, sampling, and testing of silica fume concrete are acceptable.  Repetition of the field demonstrations, as determined necessary by the Engineer, shall be done at no additional cost to the Department.

Concrete placed for the field demonstration shall be removed and disposed of off-site, the cost being included in the bid item unit price.

After the field demonstration, the contractor shall submit a final comprehensive report to the Engineer which describes the outcome of the field demonstration including batching, transporting, pumping, placing, finishing, protecting, curing, sampling, and testing of silica fume concrete.  The Engineer must approve the field demonstration before concrete placement can proceed.

6.03			Pre-Placement Meeting

After the field demonstration, and at least seven days prior to any subsequent silica fume concrete placement, the contractor shall meet with the Engineer and at a minimum, the parties listed in Subsection 6.01 to discuss and obtain approval from the Engineer for all issues related to bridge deck construction and the placement of silica fume concrete.  These issues include:

a) Batch plant, backup batch plant, batching sequence, and NRMCA/ARPA plant and mixer certificates
b) Concrete truck batch size, delivery details, truck routes, travel times, number of mixers, and backup mixers
c) Aggregate stockpile maintenance and silica fume concrete acceptance criteria
d) Quality assurance and contractor quality control, concrete mix proportions and adjustment, pumping and associated air/slump loss, role of key personnel, and contingency plans 
e) Evaporation mitigation, concrete protection plan, contingency plan, and role of key personnel
f) For overlays placed on an existing bridge deck: Surface preparation and application of a bonding agent
g) Concrete placement plan, joint details, and finishers certification
h) Evaporation mitigation and concrete protection plan
i) Concrete curing plan (including name and contact information for the individual(s) charged with performing and monitoring the wet curing process) and curing medium application
j) Flow chart identifying the construction steps that will take place from the time silica fume concrete is batched until it has been completely cured and achieved the specified strength
k) Defined process for corrective actions if silica fume concrete does not meet the requirements of this specification (slump, air, temperature, and permeability if any late additions of water).

6.04			Placing Concrete:

Concrete placement shall be in accordance with Subsection 601-3.03 with the following additional requirements.

(A)	General Requirements:

The contractor shall submit a concrete placement plan which includes drawings showing the placement sequence, pump locations, construction joint locations, directions of the concrete placement, and any other pertinent data to the Engineer for approval.  The concrete placement plan shall be submitted to the Engineer at the pre-placement meeting.

The placing of silica fume concrete will not be permitted until the Engineer is satisfied with the following:

1) the rate of producing and placing concrete will be sufficient to complete the proposed pour and finishing operations within the scheduled time,

2) sufficient fogging and wind protection is in place,

3) an acceptable evaporation rate on the bridge deck has been confirmed,

4) experienced concrete finishers and all necessary finishing tools and equipment are onsite and in satisfactory condition to finish the deck, 

5) sufficient curing compound and curing medium is onsite, and

6) all necessary finishing tools and equipment are at the site and in satisfactory condition for use.

Silica fume concrete shall be placed as a single monolithic layer conforming to the specified depth of the placement unless otherwise approved by the Engineer.

In order to minimize the potential for drying of plastic concrete prior to finishing, the rate of concrete discharge, placement, and finishing shall be maintained so that the concrete deposited on the bridge deck is not more than 20 feet ahead of the finishing machine.  Any material drying or stiffening prior to finishing shall be removed and replaced with fresh silica fume concrete at no cost to the Department. 

Concrete placement shall be a continuous operation.  The forward speed of the finishing machine shall be adjusted to the average progress of production in order that the strike-off operations are as continuous and uninterrupted as possible.  If the placement of the concrete is stopped for a period of 30 minutes or more, the contractor shall install a bulkhead, which is transverse to the direction of the placement and at a position where the placement can be finished full-width up to the bulkhead.  The bulkhead shall be the full depth of the placement. The previously placed concrete shall be protected, finished, covered, and cured in accordance with the specifications.  Further placement is permitted only after a period of twelve hours unless a gap is left in the lane or strip.  The gap shall be of sufficient width for the finishing machine to clear the transverse bulkhead installed where the concrete placement was stopped.  The previously poured concrete shall be sawn back from the bulkhead, to a point designated by the Engineer, to straight and vertical edges and shall be water blasted or sandblasted before new concrete is placed.  For delays of less than 30 minutes, the end of the placement shall be protected from drying with wet burlap.  

As soon as the concrete is placed, mechanical screeding shall take place.  Hand finishing with a float may be performed if needed to produce a tight uniform surface at the edges of the finishing machine.  When such hand finishing is needed, it shall be kept to a minimum to avoid overworking the surface.

The rate of concrete placement and consolidation shall be such that the formation of cold joints within monolithic sections will not occur.  Any portion which displays apparent cold joints will be rejected, unless the contractor, at no additional cost to the Department, submits evidence that indicates that either a cold joint does not exist or that a cold joint is not detrimental.  The Engineer will be the sole judge in determining the existence of a cold joint and whether its existence is detrimental.

(B)	Evaporation:

The expected evaporation rate shall be determined by referencing the weather forecast provided by the National Oceanic and Atmospheric Administration (NOAA).  Consideration shall be given to mix properties for temperature as determined by the field demonstration.  No consideration shall be given to the effects of fogging equipment and windscreens.  If the potential evaporation rate is 0.20 lbs/sq.ft./hr or greater, silica fume concrete placement shall not commence unless the contractor has fully demonstrated that the proposed combination of fogging equipment and windscreens is adequate to establish an environment on the bridge deck where an acceptable evaporation rate can be maintained.  

If the expected evaporation rate is 0.20 lbs/sq.ft./hr or greater, the contractor may request a stop work order be issued until such time that more favorable conditions exist.  During this time, the contractor will be allowed access to adjust, improve, and measure the effectiveness of fogging equipment and windscreens.

The contractor may elect to work at night, if approved by the Engineer.  If approved, night work shall be performed in accordance with Subsection 108.05 of the specifications.

Silica fume concrete shall not be placed when the air temperature in the shade is above 90 °F.  Silica fume concrete shall be placed only when the evaporation rate on the bridge deck, with all evaporation mitigation equipment in place in accordance with Subsection 7.0, does not exceed 0.10 pounds per square foot per hour for the entire duration of the concrete placement.  The evaporation rate shall be determined using the following equation:

	

where:

	  Evaporation rate (lb/ft2 per hour, hundredth)
	 Temperature of evaporating surface (°F, nearest whole number)
	 Temperature of air (°F, nearest whole number), measured 4 to 6 ft. above surface on windward side, shielded from sun
	 Relative humidity of air (0 to 100%), in decimal form (nearest hundredth), measured 4 to 6 ft. above the surface on windward side, shielded from sun.
	 Wind velocity (mph, nearest whole number), measured 20 in. above surface

The contractor shall have a calibrated device(s) capable of measuring the above weather parameters to the accuracy indicated.  An evaporation nomograph (Appendix X) is provided to aid in determining the rate of evaporation after measuring the air temperature, relative humidity, concrete temperature, and wind velocity at the bridge deck.  The evaporation nomograph provides a graphic method of estimating evaporation rate.  The actual evaporation rate shall be determined by the equation above.

(C)	Deck Surface Preparation for Overlays:

When silica fume concrete is placed as an overlay on an existing bridge deck, the final surface of the prepared concrete deck shall be free from oil, grease, rust, and other foreign material that may reduce the bond of the silica fume concrete to the existing deck slab. These contaminants shall be removed by detergent cleaning, sandblasting, waterblasting, or other removal methods as approved by the Engineer.

Construction equipment shall not be on any portion of the areas being overlaid that have undergone final preparation for placing concrete, unless approved the Engineer.  Precautionary measures shall be in place to prevent contamination of the prepared surface.  Such contamination would include the dripping of petroleum products and contamination tracked onto the concrete surface by equipment or pedestrians. The contractor shall place a material, such as polyethylene film, on the deck surfaces used by equipment. If the deck surface does become contaminated, the contractor will be required to clean the surface as described herein.

Any area of the final surface of the prepared concrete deck contaminated by any materials detrimental to the overlay bond to the concrete deck that cannot be cleaned shall be removed to such depth as required, at the discretion of the Engineer. Such removal work shall be at no additional cost to the Department.

Exposed reinforcing steel shall be cleaned of rust and corrosive products including oil, dirt, concrete fragments, loose scale and other coating, or any other products which may interfere or adversely inhibit the bond between the existing and new concrete.  Exposed reinforcing steel shall be protected from rust or contamination.  Rust or contamination which may form on the reinforcing steel following the concrete removal will cause the Engineer to reject the reinforcing steel unless the contractor cleans the steel and removes any trace of rust or contamination products. The cleaning may include sandblasting or shot blasting when necessary, and shall be performed at no additional cost to the Department with no adjustment in contract time or price.

Prior to placement of overlay concrete, existing concrete shall be kept moist for a period of at least 24 hours before receiving fresh concrete.  This shall be achieved by thoroughly wetting the surface prior to placement and maintaining it in a continuously moist condition until placement.  Any modifications to this requirement to accommodate chemical bonding agent manufacturer recommendations shall be included in the Concrete Placement Plan, and are subject to approval by the Engineer.  Acceptable means of maintaining a moist condition are covering the concrete surface with polyethylene sheeting or the use of fog spray or soaker hoses, provided that complete moisture coverage is attained. All freestanding water shall be removed prior to overlay placement.  Any standing water in depressions, holes or low areas shall be blown out with compressed air.  Any minor accumulation of new corrosion during the moistening period is considered incidental to the soaking process and is not required to be continually re-cleaned.

(D)	Bonding Coat for Overlays:

The contractor shall apply a bonding coat to the prepared deck surface in accordance with the manufacturer’s recommendations.  A chemical bonding agent meeting ASTM C881 for the appropriate type, grade, and class as determined by the Engineer, a polyvinyl acetate chemical bonding agent meeting the requirements of ASTM C1059, Type 1, or a 3-component chemical bonding agent specifically intended for bonding fresh concrete to existing concrete and exposed reinforcing steel surfaces, which contains epoxy and does not create a moisture barrier after it cures, may be used.  The chemical bonding agent shall provide sufficient bond meeting the requirements of Subsection 12, have a compressive strength of 4500 psi at 28 days, and have a slant shear bond strength of 1500 psi at 14 days.  If the chemical bonding agent requires concrete placement prior to curing, the manufacturer’s literature shall indicate that the bonding agent has a minimum open time of 30 minutes at 90 degrees F prior to curing.

The contractor shall provide a Certificate of Compliance for the chemical bonding agent incorporated into the work.  If reinforcing steel is exposed, the bonding coat achieved by the chemical bonding agent shall provide corrosion protection.

To avoid compromise of the overlay bond by workers and equipment, application of the bonding agent shall only advance ahead of silica fume concrete placement to the extent necessary.  Areas in which the bonding agent has been applied and that are exposed beyond the manufacturer’s indicated open time, or that become contaminated, shall be repaired by the contractor at no additional cost to the Department.

7.0	Evaporation Mitigation and Silica Fume Concrete Protection:

Prior to silica fume concrete placement, fogging equipment shall be in place and in good working order.  Windscreens shall be used when the fogging equipment alone cannot maintain the specified evaporation rate and the contractor elects to continue silica fume concrete placement.

All concrete surfaces shall be protected from drying from the time concrete is discharged and deposited on the bridge deck until the curing compound, as described in Subsection 9.02(A), is applied to the silica fume concrete surface.  These requirements apply to both finished and unfinished concrete.

7.01	Water Fogging:

The area 2 to 3 feet immediately above the silica fume concrete shall be continuously kept in a state of high moisture by applying a fog mist as with the fogging equipment described in Subsection 7.02.  The moisture from the nozzle shall not be applied under pressure directly upon the concrete and shall not be allowed to accumulate on the concrete in a quantity sufficient to cause a flow or washing of the surface.  Application of a non-atomized spray of water, water by brushes, or any other method will not be permitted.

7.02	Fogging Equipment

Fogging equipment shall consist of a mechanically operated pressurized system using incrementally spaced triple headed nozzles or equivalents.  The nozzles shall be pointing horizontally, parallel to the surface of the concrete and at a distance not to exceed 36 inches above the concrete surface.

The fogging equipment shall be mounted such that it is stationary.  Each nozzle shall be equipped with an easily accessible control capable of varying the volume of water flow and immediately shutting off the water when in the off position.  Hand-held fogging equipment will not be allowed.

7.03	Windscreens:

Windscreens shall be used to reduce the evaporation rate when the fogging equipment alone is not sufficient to maintain the evaporation rate within acceptable limits.  Windscreens shall project at least 6 feet above the prepared bridge deck surface.  Windscreens may be made of any construction material that provides sufficient strength to resist the force of the wind.

7.04	Evaporation Retarding:

If during finishing an unexpected environmental change or delay occurs, a monomolecular film product that aids in retarding the evaporation may be used prior to finishing with the Engineer’s approval.  The monomolecular film shall be applied in accordance with the manufacturer’s recommendations.  The evaporation retarder shall be applied in a fine mist using suitable sprayers; it shall not impact the plastic concrete surfaces in a stream.

Concrete surfaces to which an evaporative retardant has been applied shall not be subjected to finishing which mixes the retardant into the plastic concrete.  Application of an evaporation retardant shall not delay the placement of curing compound as described in Subsection 9.02(A).

8.0	Finishing Silica Fume Concrete:

8.01	General Requirements:

Delays, such as waiting for concrete surface sheen to disappear, concrete surface strength development, or other reasons, will not be allowed.

After the concrete surface has been brought to its final elevation while the concrete is still in a plastic state, final finishing of the bridge deck shall be accomplished by lightly texturing the concrete surfaces with a burlap drag, or other acceptable medium which, in the opinion of the Engineer, does not excessively displace near surface fibers, if applicable.  Concrete protection and curing processes should commence immediately after final finishing and texturing of the concrete surface has been completed.

The deck surface shall be finished to a final surface, free of mortar ridges, hollows, and any other projections.  Water shall not be applied to the deck surface at any time during placement or finishing except through fogging in accordance with Subsection 7.01.

Immediately after silica fume concrete is finished, it shall be covered with curing compound as specified in Subsection 9.02(A).

9.0	Curing Silica Fume Concrete:

9.01	General Requirements:

All silica fume concrete shall be cured in strict accordance with Subsection 1006-6(E), however the minimum curing time shall be 14 days.  A curing day is defined as a calendar day when the temperature taken in the shade away from artificial heat is above 50 °F for at least 19 hours; or if satisfactory provisions are made to maintain the temperature of concrete surfaces above the minimum curing temperature of 40 °F for the entire 24 hours.  

The contractor shall have submitted a proposed curing plan to the Engineer for review and approval during the pre-placement meeting.  The contractor’s curing plan shall detail the proposed methods, include proper equipment and material in adequate amounts, describe how the water curing process will be monitored and maintained, and be approved by the Engineer prior to placing silica fume concrete.

Vehicles are not permitted on the concrete until the specified curing time is satisfied and until the concrete has obtained the specified compressive strength when tested in accordance with the requirements of AASHTO T 22 or as approved by the Engineer.

All exposed surfaces of the silica fume concrete shall be kept wet continuously for the entire curing period. Water used for curing that stains or leaves an unsightly residue shall not be used.

9.02	Curing Equipment and Material:

	(A)	Liquid Membrane Forming Compound

Liquid membrane forming compound shall be in accordance with 1006-2.05.

	(B)	Liquid Membrane Forming Compound Application:

Liquid membrane forming compound shall be applied in accordance with 1006-6.01(C).  Application of the liquid membrane forming compound shall follow immediately behind finishing operations.

	(C)	Water Curing Medium:

Curing medium shall be capable of temporarily accepting and holding moisture, then gradually releasing that moisture to the concrete surface through contact.  Acceptable curing mediums include burlap and burlap/plastic combination. The contractor may propose an alternate curing medium for approval in advance by the Engineer.  Earth and sand blankets will not be allowed.

	(D)	Water Curing Method:

Water curing shall consist of keeping the silica fume concrete surface continuously wet by maintaining a layer(s) of curing medium, as specified in Subsection 9.02(C), in a continuously wet state and in direct contact with the fresh concrete surface for the entire curing period.  Application of the curing medium shall begin immediately at such time that placement can be made without marring the surfaces of the concrete.

The curing medium shall be wetted down (without dripping) prior to placement on the concrete surface.  Dry curing medium shall not contact the concrete.  The curing medium shall be applied manually from the work bridge and shall be carefully placed without marring the surface of the plastic concrete.

Continuous wetting shall be accomplished by supplying water with intermittent flow (directly on a porous type curing medium such as burlap) or through pre-fabricated holes made in burlap/plastic combination sheets.

Regardless of the type of medium used, wet curing shall not be interrupted anytime during the entire curing period.  The contractor shall monitor the curing process at a maximum interval of one hour to ensure compliance of the requirements herein.

10.0	Sawed Grooves:

(1)   			General:

Sawed grooving shall occur after the Engineer has accepted the finished surface and after the concrete curing period has been completed, but before the roadway is opened to traffic.  Grooving shall occur prior to the application of any concrete sealer if a sealer is specified in the contract documents.  Grooves shall be transverse or longitudinal as shown on the plans.

A self-propelled texturing machine built for grooving of the concrete surfaces shall be used for making the sawed grooves.  The saw grooving equipment shall be capable of producing grooves which meet the dimensional requirements specified in Subsection 601-4.01.

Sawed grooves shall terminate at 12 inches ± 3 inches from the face of curbs, bridge rails, or median dividers along each edge of the bridge deck surface.  Grooves shall be stopped 9 to 12 inches from any devices installed on the bridge deck, such as scuppers and expansion devices that are perpendicular to the grooves.

For skewed expansion devices on the bridge deck, the direction of the grooves, as specified above, shall not be altered and the grooves shall terminate no closer than 6 inches nor farther than 4 feet from the joint armor.  The maximum gap in texturing, from one side to the other of skewed expansion devices shall not exceed 5 feet.

Overlapping of grooves by succeeding passes will not be permitted.

(2)  		 	Equipment:

Equipment for grooving shall be as specified in Subsection 601-3.05(D)(2)(c)(2).

(3)   			Construction:

Grooving shall be accomplished in accordance with Subsection 601-3.05(D)(2)(c)(3).

11.0			Contractor Quality Control:

Contractor quality control shall be performed in accordance with 1006-4.01 with the following additional requirements.  Temperature, in accordance with ASTM C 1064, and unit weight, in accordance with ASTM C138, shall be tested once per 40 cubic yards.  In addition to the testing frequency requirements in 1006-4.01, gradation and sand equivalent shall also be tested at least once per placement.
As part of the weekly quality control report, the contractor shall provide a placement summary sheet and diagram showing the location of each delivered load of silica fume concrete, and associated quality control test results.

12.0			Acceptance Sampling and Testing:

Acceptance sampling and testing for temperature, slump, air content, and compressive strength shall conform to the requirements of Subsection 1006-7 for Class S concrete, except as modified below.

If testing indicates that a mixer contains concrete with an unacceptable slump or air content, discharge of the concrete from the mixer shall cease and shall not resume until the mix properties have been adjusted, in accordance with the criteria herein, and subsequent testing of concrete discharged away from the bridge deck results in acceptable slump and air content.

For overlays, the bond strength will be determined by the Engineer in accordance with ASTM C882 by compressive strength of slant shear cylinders.  Slant shears will be fabricated by the Engineer for each 5,000 square feet of overlay surface area.  The required minimum slant shear bond strength is 1,500 psi at 14 days or as indicated on the project plans.  Failure to meet the minimum required slant shear bond strength will result in reject of the overlay in accordance with Subsection 106.11.

The Engineer may perform additional concrete testing, sampling, and instrumentation during the production, transportation, and placement of silica fume concrete during the field demonstration and the bridge deck placement.  The contractor shall make all necessary provisions to allow for adequate sampling and testing of the silica fume concrete.

Concrete having improper temperature, slump, or air content which is allowed to remain in place, or concrete which has been cured incorrectly, shall be subject to testing for chloride permeability if determined necessary by the Engineer.

Any concrete which fails to meet the chloride permeability requirements shall be removed and replaced at no additional cost to the Department.

13.0			Bridge Deck and Overlay Evaluation and Acceptance:

13.01			General requirements:

At the end of the curing time and after the concrete has attained the specified  required compressive strength and curing requirements have been satisfied, the entire bridge deck will be evaluated in accordance with Subsection 13.02.  Additionally, overlays will be evaluated in accordance with Subsection 13.03.  Placed bridge deck concrete and overlay concrete meeting the requirements herein, or repaired to the satisfaction of the Engineer will be accepted.

13.02			Concrete Cracking Evaluation and Repair:

Within 28 days after each placement, the associated bridge deck will be examined by the Engineer.  If the Engineer suspects that other defects exist, more thorough investigation may be required by the Engineer.  Any area that displays cracks, or where defects are found, will be marked by the Engineer and shall be repaired or replaced by the contractor as specified herein, or as directed by the Engineer, at no additional cost to the Department.  

If the Engineer agrees that the cracks observed may remain in place and be repaired, these cracks shall be filled and sealed as follows:

	1.	Concrete surfaces shall be sandblasted approximately 1 inch to each side of a cold joint and visible crack to remove laitance.

	2.	Cold joints and cracks shall be filled completely with an approved low viscosity epoxy or injection type epoxy adhesive appearing on the Department’s Approved Products List and in accordance with the manufacturer’s recommendations.  The contractor shall take adequate precautions to prevent the epoxy from being spilled on the deck.  The contractor shall remove all epoxy spills on the deck at no additional cost to the Department.

The contractor shall submit a repair plan which includes proposed materials, application, and related issues to the Engineer for review and approval. The Engineer shall have sole discretion in determining the extent of cracking that will require repair or if cracked areas should be removed and replaced; either shall be completed at no additional cost to the Department.

13.03			Overlay Evaluation:

The entire overlay surface shall be tested in accordance with the requirements of the chain drag procedure in ASTM D4580 to test for bond uniformity and the existence of any delamination between the newly placed concrete overlay and the existing bridge deck concrete.  A report presenting the procedure, the equipment, and the results of the drag tests in accordance with ASTM D4580 shall be submitted to the Engineer for approval.

Overlay concrete in unbonded areas, as tested above, or in areas where slant shear bond strength did not meet strength requirements shall be removed and replaced at no additional cost to the Department.

For informational purposes, the contractor shall determine the pull out bond strength between the overlay and the existing concrete in accordance with the requirements of ASTM C1583. The test locations will be selected by the Engineer. A pull out bond strength test (an average of three pull out tests) shall be performed for each 5,000 square feet of the entire overlay surface area.

The pull out bond strength measured when the failure plane takes place at the interface between the existing base concrete and the overlay shall represent the bond strength. The desired pull out bond strength is a minimum of 300 psi at 28 days.  

If the failure plane occurs within the existing bridge deck base concrete, the test will be considered satisfactory.

When the failure plane of the bond strength pull out test is within the concrete overlay itself or at the interface between the overlay and the test disk, the test result shall be discarded and a new test shall be performed at another location.

All costs related to the pull out bond testing shall be borne by the contractor.  Concrete areas where bond testing was performed shall be repaired using an epoxy resin grout patch material approved by the Engineer and on the latest ADOT Approved Products List.

14.0			Opening to Traffic:

If the contractor desires to resume work on the bridge deck after concrete placement but prior to 28 days, adequate early age strength shall be verified either by means of the maturity method in accordance with Subsection 1006-7.02, or by additional concrete cylinder specimens, both of which being the responsibility of the contractor.

No traffic (construction or non-construction) shall be allowed on the bridge deck before the end of the curing period.  The bridge deck may be opened to traffic at the end of the specified curing period provided the concrete has achieved its specified compressive strength and been approved by the Engineer.

15.0			Method of Measurement:

Concrete will be measured to the nearest cubic yard placed.  Measurement will be made in accordance with the dimensions shown on the plans or such other dimensions as may be ordered in writing by the Engineer.  No deduction will be made for the volume occupied by reinforcing steel embedded in the concrete.

No measurement or direct payment will be made for texturing of the bridge deck with a burlap drag, the cost of such being considered as included in contract items.

Bridge Deck Texturing (Sawed Grooves), when included in the bidding schedule, will be measured to the nearest square yard.  The area will be determined by the length of the bridge, approach slabs, and anchor slabs, multiplied by the width of the roadway between the face of curb or bridge rail on each side, less 2.0 feet.  The quantity shown on the bidding schedule will be considered final and will not be re-measured unless changes are specified by the Engineer, or if the Engineer or contractor determines that the constructed area varies by an amount greater or less than 2 percent of the quantity shown on the bidding schedule.  Such adjustments, if required, shall be in accordance with Subsection 104.02.

16.0			Basis of Payment:

The accepted quantity of silica fume concrete, measured as provided above will be paid for, complete in place, in accordance with the provisions of Subsection 1006-7.06(B). 

The contract unit price paid for a bridge deck using this concrete shall include full compensation for furnishing all labor and materials, tools, equipment, field demonstration, pre-placement meeting, concrete mix design and submittals, quality control program, testing, placing, finishing, curing, as well as performing the required cleanup and other related activities necessary to complete the work and meet the requirements of the specifications.

The basis of payment will be made as specified herein and under the provisions specified in the various sections of the specifications covering construction requiring the use of concrete.


This will become an Appendix to the Special Provisions, not a Figure in this specification.
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	Note:  Example shown by dashed lines is for an air temperature of 80°F, relative
humidity of 50 percent, concrete temperature of 87°F, and a wind velocity of 12 miles per hour. This result is a rate of evaporation of 0.24 pounds per square foot per hour.

	
	APPENDIX X- Evaporation Rate of Surface Moisture
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