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Bridge Deck Cracking

Describe your state experience with bridge deck cracking - extent, severity, frequency and percent of bridges. (Type: random, tight transverse, load related over pier, (full depth or surface) other etc.)

   Full-depth cracking many new bridges. Steel girder bridges have the most cracking

What type of placement does your state allow – section and sequence or continuous?  If continuous pour, do you require the use of retarding admixtures?  What is the typical method of placement (belt, pump,etc)?

Continuous has been the standard placement process but we have had discussions regarding sequencing. We do not require retarders but they are used on a case-by-case basis. Typical placement is by pumping

What total cementitious content does your state specify for standard bridge decks?  HPC bridge decks? 

The minimum cementitious content for standard bridge decks is 605 lbs/CY but     historically, it has been about 670 lbs/CY. High Performance bridge decks at a minimum of 611 lbs/CY 

What does your state allow for type and amount of cementitious replacement?

   By current spec, 15 % fly ash is used. 35 % GGBFS is allowed, but has not been used.    

   Have been experimenting with 30% fly ash mixes also.

What does your state specify for evaporation rate control?

    Not addressed in Spec but there are guidelines in the Bridge Construction Manual. 

What does your state specify for time of application, type, application rate, and duration of curing for standard bridge decks?  HPC bridge decks?

Standard Decks– Cure until 65 % of anticipated strength (65% of 4300 psi). Compressive strength is based on predicted values from Table in Spec. (% of anticipated strength gain each day as a function of concrete surface temperature). Control cylinders may also be used.

For structural decks, wet burlap or curing blankets are placed as soon as the concrete can be walked on with insignificant damage. Membrane curing compound us not an acceptable alternative.

2” Low-slump overlays are placed on Standard 7” structural decks Have been experimenting with 30% fly ash mixes also. 

High Performance (9”) Decks - The deck slab surface shall be kept continuously wet with clean fresh water for an initial curing period of at least 96 hours (going to 7-days in future Contracts) using soaker hoses and burlap or cotton mats.  The burlap or cotton mats shall be prewetted and shall be placed in widths not to exceed 910 mm (3 feet), shall be lapped a minimum of 75 mm (3 inches) and shall lay flat.  Failure to apply burlap or cotton mats in a given area within 30 minutes after finishing concrete thereon shall be subject to the provisions of 1512.   

The Contractor must provide adequate personnel to ensure the burlap or cotton mats are maintained in a wet condition on weekends and/or holidays.

After removal of the wet curing media the deck slab shall be covered with a membrane curing compound within 4 hours.  The membrane curing compound shall meet the requirements of Mn/DOT specification 3754, as indicated elsewhere in these special provisions. The rate of cure is 150 square feet per gallon. . Curing membrane shall meet ASTM C309 white pigmented Type 2, Class B. But we will be changing this to an alpha methyl styrene based curing membrane as we presently use for concrete paving.
No vehicular traffic will be permitted on the bridge deck slab during the 96-hour initial curing period.  After the initial 96-hour curing period and when control cylinders indicate the deck slab concrete has attained a compressive strength of at least 3000 psi, vehicular traffic will be allowed on the deck slab only if it is operated such that the vehicle wheels are continuously located immediately above the top flange of the prestressed girders. 

What type of admixtures (air, WR, HRWR, corrosion inhibitors, shrinkage compensating, etc.) and dosage rates does your state allow for bridge decks?

Air entraining and Type A (normal and mid-range) water reducers are allowed at the Contractor’s discretion. The use of any other admixture requires the approval of the Concrete Engineer or must be allowed in the Special Provisions of the Contract. The dosage rates are according to the admixture producer’s recommendation up to their maximum recommended.  

What research have you done and what results have you achieved at reducing bridge deck cracking?

Mn/DOT is currently analyzing data taken from deck pours during 2005 construction season. An attempt to place a deck using a cementitious content of 500 lbs/CY using a super plasticizer was unsuccessful since we could not pump it at the point of placement. This was probably due to hot weather and a haul time of about 1-hour. It was successfully pumped in Ready-Mix yard, however. Have been experimenting with 30% fly ash mixes also.
Does your state specify incentive/disincentive payment for cracking?

One Contract had disincentives for cracking. There have been no Contracts with incentive provisions.

Does your state specify a method of repair for cracking?

The cracks are filled with epoxy penetrant sealer placed according to the manufacturers recommendation except when otherwise directed by the Engineer.

What is your state going to do next to deter cracking (research, materials, construction methods, etc.)?

Our strategy is to lower cement content, reduce permeability while benefiting the mixture with the effects of secondary hydration from the cement replacement of a Type “C” fly ash that has a chemistry that nearly meets Class “F”. This will also lower shrinkage due to thermal expansion, drying shrinkage and autogenous shrinkage of the concrete. Use water reducers and well-graded aggregate to reduce w/c values. Looking at staging pours. Investigating the effects of temperature differentials. Longer wet-cure periods 

Concrete Barrier Rail (Bridge or Median) Cracking

Describe your state experience with barrier rail cracking - extent, severity, frequency and percent of bridges.  (vertical, horizontal, longitudinal in the top, etc.)  

   Vertical cracks every 7-8 feet is a common occurrence. Not greatly concerned.

What type of placement does your state allow – slip form or fixed form?  Does one method result in more cracking than the other? 

About 80 %  is slip-formed, 20 % is fix-formed. For similar restraint due to steel reinforcing, you would expect more cracking in the higher slump mixture used for fixed-form construction.

What total cementitious content does your state specify for barrier rail?  Are well graded aggregates required?

The minimum cementitious content for railings is 570 lbs/CY. 620 lbs/CY is a typical amount. Well-graded aggregate is not required

What does your state allow for type and amount of cementitious replacement?

    Same as decks – 15% for fly ash, 35% for ground granulated blast furnace slag.. 

What does your state specify for time of application, type, application rate, and duration of curing for barrier rail?  If clear curing is used, do you require the use of a fugitive dye?

Wet cure until 45 % of the anticipated compressive strength is obtained. Have very little experience with fugitive dyes. Do not allow clear curing membrane or any membrane because of the special surface finish application. A Special Surface finish is applied containing mortar, bonding agent and 100% acrylic paint.

What type of admixtures (air, WR, HRWR, corrosion inhibitors, shrinkage compensating, etc.) and dosage rates does your state allow for barrier rail?

Air entrainment is required. Water reducer may be used at the discretion of the Contractor. I am not aware of our use of the other admixtures in railing. 

Are concrete barrier rail continuous or gapped?  If gapped, what interval is used and what material is placed in the gap?

Generally have deflection joints every 20’. Deflection joints have non-continuous stell in the top half of the barrier with a cork joint, and have continuous steel (through the joint) in the bottom half. For slipform placed rail the joint is sawcut and sealed in lieu of using cork. 

What research have you done and what results have you achieved at reducing barrier rail cracking?

A couple of Projects have been post-tensioned but they still cracked (one bridge with 2   strands another with 1 strand in the rail).  

Does your state specify incentive/disincentive payment for cracking?

   No

Does your state specify a method of repair for cracking?

   No

What is your state going to do next to deter cracking (research, materials, construction methods, etc.)?

Standard practice has been not to do anything but a pressure epoxy injection has been done.

Bridge Deck Overlay Cracking

Describe your state experience with bridge deck overlay cracking - extent, severity, frequency and percent of bridges. (Type: random, tight transverse, (full depth or surface) other etc.)

Cracking has been a common occurrence from cracks in the structural slab reflecting up through the overlay. Delamination of the overlay itself has not been a common occurrence. 

What is the typical method of batching and placement (mobile mixer, belt, pump,etc)?

   Mobile mixer

What total cementitious content does your state specify for standard bridge overlay?  HPC bridge deck overlay? 

Standard – 850 lbs/CY for low-slump concrete overlays. We do not do latex-modified concrete overlays but it is allowed by Spec. We have not done a HPC overlay.

What does your state allow for type and amount of cementitious replacement?

    Cement substitutions are not allowed in overlay concrete.

What does your state specify for evaporation rate control?

No Spec but guidelines are in Bridge Manual

What does your state specify for time of application, type, application rate, and duration of curing for standard bridge overlays?  HPC bridge deck overlay?

      Apply membrane cure within 30 minutes after depositing the concrete on a given area with an airless spaying machine at the rate of 1 gallon per 150 square feet. Concrete in areas not coated within the 30 minutes shall be removed and replaced. As soon as the concrete can be walked on, conventional curing media shall be placed for a minimum of 96 hours. Curing membrane shall meet ASTM C309 white pigmented Type 2, Class B. But we will be changing this to an alpha methyl styrene based curing membrane as we presently use for concrete paving.   We have not done HPC overlays.

What type of admixtures (air, WR, HRWR, corrosion inhibitors, shrinkage compensating, etc.) and dosage rates does your state allow for bridge overlays?

Water reducer and air entraining agent required for low slump overlay (1/2” – 1” slump). Dosage rates are according to manufacturer up to maximum recommended. No other admixtures are used.

What research have you done and what results have you achieved at reducing bridge deck overlay cracking?

      None. Focus has been on full-depth slabs.

Does your state specify incentive/disincentive payment for cracking?

      No

Does your state specify a method of repair for cracking?

      Epoxy penetrant sealers or flood the surface with methyl merthacrylate.

What is your state going to do next to deter cracking (research, materials, construction methods, etc.)?

      Base strategy on the results of efforts to reduce cracks in the structural deck slab.

