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Bridge Deck Cracking
1. 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.)   Occasional problems with shrinkage cracking primarily due to contractors “pushing” the limit on evaporation rate and/or not being timely in placing wet burlap for curing .  Still have occasional problems with cracking over the pier due to moment loading on 2-span bridges that are poured continuous.
2. 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)?

Section and sequence required in plans.  Contractor may submit proposal for continuous pour and retarding admixtures are required for placement.  We still restrict 2-span steel girder bridges to the plan specified section and sequence.  Typical method of placement is pumping although a few are placed by belts.
3. What total cementitious content does your state specify for standard bridge decks?  593 lbs/yd3 max w/c 0.48




HPC bridge decks? 624 lbs/yd3 max w/c 0.42
4. What does your state allow for type and amount of cementitious replacement? 
Blended cements Type I(SM) or Type IP, or 35% ggbfs, 15% Fly ash is required for HPC Decks.  The same is allowed for non-HPC decks, but is not required.
5. What does your state specify for evaporation rate control? Placing of concrete floors will not be allowed if the temperature of the plastic concrete at the time of placing exceeds 90°F (32°C). The Contractor has the option to cool the plastic concrete below 90°F (32°C) by a method approved by the Engineer at the Contractor's expense.   Placing concrete floors will not be allowed if the theoretical rate of evaporation for that day exceeds 0.2 lbs. per square foot per hour (1 kg/m2 per hour). The theoretical rate of evaporation shall be calculated using the Theoretical Rate of Evaporation Chart. The National Weather Service's maximum air temperature, relative humidity and maximum steady wind velocity without gusts, for the date and the location of the concrete floor placement, shall be used for this chart. The temperature of plastic concrete at time of placement shall be used for this chart. 

For HPC decks placing of concrete floors will not be allowed to begin if the theoretical rate of evaporation exceeds 0.1 lbs. per square foot per hour (0.5 kg per square meter per hour).  If the rate exceeds 0.15 lbs per square foot per hour (0.75 kg per square meter per hour) the placement shall be ceased at the next location acceptable to the Engineer.

6. What does your state specify for time of application, type, application rate, and duration of curing for standard bridge decks? Immediately after final finishing, the area finished shall be covered with white pigmented curing compound, meeting requirements of Article 4105.05, applied at a rate of not more than 135 square feet per gallon (3.3 m2/L). The first layer of prewetted burlap shall be placed on the floor within 15 minutes after final finishing (texturing) and covering of concrete with white pigmented curing compound. The Engineer may adjust the time for placement of the first layer of prewetted burlap to minimize burlap damage to the transverse grooving. It shall be kept wet. As soon as practicable but not later than 2 hours after the first layer is placed, a second layer of burlap shall be placed on the floor. Water shall be applied to the burlap covering for a period of 4 calendar days by means of a pressure sprinkling system that is effective in keeping the burlap wet during the moist curing period. The system may be interrupted only to replenish the water supply, during periods of natural moisture, or during construction contiguous to the concrete being cured. Interruptions for periods longer than 4 hours may be approved by the Engineer on the basis of the method for keeping the concrete moist. 
Continuous contact, except as noted above, shall be maintained between all parts of the concrete floor and the burlap during the 4 calendar day moist curing period. 
On concrete floors placed after October 1 and prior to April 1, after 20 hours of the application of water, the Contractor may substitute the application of a moisture proof plastic film not less than 3.4 mils (86 µm) thick over the wet burlap in lieu of applying water. Intimate contact must be maintained between the surface of the concrete, the burlap, and the plastic film.
We are currently revising our specification requirements for curing of non-HPC bridge decks.  We are eliminating transverse texture tining in plastic concrete and requiring longitudinal grooving in the hardened concrete.  With the tining in plastic concrete eliminated from the placement operation our revised specification for curing will eliminate the white pigmented curing compound and require prewetted burlap to be placed within 10 minutes of final finishing.  
 HPC bridge decks? Two layers of prewetted burlap within a maximum of 10 minutes after final finishing.  Water shall be applied to keep the burlap moist for 168 hours (7days) of curing by means of a continuous wet sprinkling system. 
7. What type of admixtures (air, WR, HRWR, corrosion inhibitors, shrinkage compensating, etc.) and dosage rates does your state allow for bridge decks? Air entrainment, water reducer, water reducing retarding admixtures, HRWR (on a limited basis).  We previously had used corrosion inhibiting admixture, but due to mix related problems we discontinued.  We have looked at shrinkage compensating admixtures, but based on our review and discussion with some who have used it is very difficult to manage in the mix so we have decided not to use.
8. What research have you done and what results have you achieved at reducing bridge deck cracking? Prior to the early 1990’s a Class D mix (709 lbs/yd3) was required for bridge decks with no requirement for evaporation rate control.  There were a number of problems with deck cracking during this time period.  The move to Class C concrete (624 lbs./yd3) for decks and evaporation rate control has drastically reduced the shrinkage type transverse cracking.  In addition, the use of fly ash and more importantly ggbfs along with a strict regimen of expedited wet curing process has all but eliminated bridge deck cracking problems.
9. Does your state specify incentive/disincentive payment for cracking? No
10. Does your state specify a method of repair for cracking?  Not much done typically – methyl methacrylate has been used in the past.  Our bridge maintenance division does perform epoxy injection of the cracks when the bridge experiences significant cracking (this cracking is more prominent on bridges that were done before the implementation of the previously discussed controls).  Also we have included epoxy injection of cracks in bridge decks on bridge repair projects.  In the mid 1990’s we conducted a research project through Iowa State University to study the “Impact of Deck Cracking on Durability”.  Basically this research focused on bridge decks with epoxy coated deck reinforcing that ranged in age from 0 – 20 years.  The findings from this research showed that even with high chloride concentrations and reinforcement at deck crack locations, our epoxy coated bridge decks were performing very well.  We documented no spalling of deck concrete (ie: no significant expansive corrosion of the reinforcing) and data from the research projected 50 years of service life on original placed bridge decks before bridge deck repairs and overlay would be necessary. 
11. What is your state going to do next to deter cracking (research, materials, construction methods, etc.)?  Current Implementation - Are now going to require application of cure within 10 minutes on all bridges.  Texture is not applied and all decks will be grooved.  



Future

· We are also working with the concrete and cement industry with a goal to be able to use fly ash and blended cements, or ggbfs, throughout the state on all bridge structures.  Basically go statewide with HPC. 
Concrete Barrier Rail (Bridge or Median) Cracking

1. Describe your state experience with barrier rail cracking - extent, severity, frequency and percent of bridges.  (vertical, horizontal, longitudinal in the top, etc.)  We have had problems in barrier rails with all types of cracking.  Poor air void systems, vertical cracking, deterioration from the top down, etc.  We recognize that since our concrete barrier rails are continuous without “gaps” we will always have some degree of vertical cracking due to concrete shrinkage and flexing of the barrier under deck live load.
2. What type of placement does your state allow – slip form or fixed form?  Does one method result in more cracking than the other? 

Both methods allowed based on mix design.  Based on investigation of several cores from slip formed rails, the conclusions were a poor mix design results in rail with little or no entrained air and large void pockets.  
Most problems have been related to an unworkable mix in a slip formed rail. If appropriate concrete mix is used, it does not appear that the method of placement would play any significant role in barrier cracking.  
3. What total cementitious content does your state specify for barrier rail?  Are well graded aggregates required? D mix 709 lbs/yd3 D mix, BR mix with well-graded aggregates is 603 lbs/yd3.  BR mix is now required for slip form rail and we are eliminating the use of the D mix and requiring a C mix.
4. What does your state allow for type and amount of cementitious replacement? 35% ggbfs, 20% Fly ash, Typical mix is 20-25% ggbfs and 10-15% fly ash
5. 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?





    A.Cast-in-Place and Precast. 
The method of curing shall prevent loss of moisture and maintain an internal concrete temperature of not less than 40°F (4°C) during the curing period. Article 2407.10, shall apply when elevated temperature curing is used. 
When non-elevated temperature curing is used, the concrete barrier shall be kept dampened with wet burlap for a minimum of 12 hours after casting. If forms remain in place during the 12 hours, only the exposed concrete surface will require the wet burlap application. Finishing operations shall be accomplished after this period and shall be completed in an expedient manner. Once finishing and any necessary repairs have been accomplished, curing compound shall be applied to all exposed surfaces as specified. 
B. Slip Form.
Slip formed concrete barrier shall be cured by application of a clear curing compound as specified. No moist cure period will be required. Clear curing compound shall be applied to the concrete barrier rail within 15 minutes after final finishing provided that the free water (sheen) has appreciably disappeared from the concrete surface.
C. Clear Curing Compound. 
A clear curing compound shall be applied, when specified, to all exposed surfaces in a fine spray to form a continuous, uniform film on the surface and vertical edges of the pavement slab as soon as the free water has appreciably disappeared, but no later than 30 minutes after finishing. The application rate shall be not less than 200 square feet per gallon (5 m2/L (0.2 L/m2)). Prior to application, the curing compound shall be well agitated in the supply drum immediately before transfer to the sprayer. This compound shall also be applied promptly and at the same rate to surfaces exposed after removal of forms following finishing. If the coating is damaged within 72 hours after being applied, the affected area shall be recoated without delay. Further sealing shall not be necessary. 

Looking at requiring fugitive dye to aid in ensuring uniformity of application and coverage.
6. What type of admixtures (air, WR, HRWR, corrosion inhibitors, shrinkage compensating, etc.) and dosage rates does your state allow for barrier rail? Air agent, water reducer
7. Are concrete barrier rail continuous or gapped?  If gapped, what interval is used and what material is placed in the gap?
Iowa Dot barrier rail is typically continuous with no gaps.  
8. What research have you done and what results have you achieved at reducing barrier rail cracking?  We had calls from a couple ready mix producers concerning the use of Class D (709 lbs/yd3) concrete in barrier rail.  With ¾” slump maximum they were adding 25 oz/yd air entraining agent and achieving only 5.5% air.  We redesigned the mix design using well graded aggregates, reduced the cement to 603 lbs/yd3, and used a water reducer.  The air agent was reduced to 8 oz/yd and 7.4% air content.  The rail slipped much better than before and the rail contractor began requesting this mix on any rail that they slipped.  
9. Does your state specify incentive/disincentive payment for cracking?

No
10. Does your state specify a method of repair for cracking? No.  As mentioned previously in the section on bridge decks, the research conducted on concrete cracking and impact on epoxy coated reinforcing showed good performance.  The fact that we have some fine vertical cracks in our concrete barrier rail is not considered to be a major issue relative to long term performance of the barrier rail.
11. What is your state going to do next to deter cracking (research, materials, construction methods, etc.)?  Changed specification to allow Class D mix (709 lbs/yd3) for formed rail only and recently changed to Class C mix (624 lbs/yd3) for formed rail only.  BR mix (603 lbs/yd3) for slip formed rail only.  In working with the concrete and cement industry we would like in the future to require blended cements, fly ash and ggbfs in our concrete mix for concrete barrier rail, whether slip formed or cast-in-place.   
Bridge Deck Overlay Cracking

1. 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.)  Occasional problems with shrinkage cracking primarily due to contractors not being timely with the white pigmented curing compound and prewetted burlap.  We currently do not specify the requirement of theoretical rate of evaporation limits, but will be revising our specifications for 2007 to include this requirement.  Also we have a current specification revision submitted to eliminate the white pigmented curing compound and require placement of prewetted burlap within 10 minutes of final finishing.  We are also eliminating transverse tining in plastic concrete and requiring longitudinal grooving in hardened concrete.  This will remove the transverse tining from the placement operation and expedite the placement of the wet cure. 
The only time we experience transverse cracking is when the existing bridge deck substrate has full depth transverse cracks.  These existing cracks typically propagate through the deck overlay over time.
2. What is the typical method of batching and placement (mobile mixer, belt, pump,etc)? Mobile mixer and buggies is the standard method.  The several trials we have conducted with HPC overlays have used ready mixed concrete and the ready mix trucks back down the deck and deliver the concrete directly from the truck chute.  The contractor covers the deck surface to keep clean and places timber planking over the Class A repair areas that have reinforcing exposed to protect the bars.  This method of concrete delivery of HPC deck overlay has been done on both staged and full-width overlays. 
3. What total cementitious content does your state specify for standard bridge overlay?  825 lb/yd3 Low slump dense overlay HPC bridge deck overlay? 709 lb/yd3 

4. What does your state allow for type and amount of cementitious replacement? None for low slump Class O mix.   25% ggbfs and 15% fly ash required or Type I(SM) or Type IP cement and 15% fly ash replacement for HPC overlays.
5. What does your state specify for evaporation rate control?  None on overlays, but this will be added by specification revision this year.
6. What does your state specify for time of application, type, application rate, and duration of curing for standard bridge overlays?  HPC bridge deck overlay? Immediately after final finishing, the area finished shall be covered with white pigmented curing compound, meeting requirements of Article 4105.05, applied at a rate of not more than 135 square feet per gallon (3.3 m2/L) . As soon as it can be placed without marring the surface, a layer of prewetted burlap shall be placed on the concrete, and the concrete shall be cured as provided in the following paragraphs: 
For Portland cement concrete, the surface shall be cured for at least 72 hours. For the first 24 hours, the burlap shall be kept continuously wet by means of an automatic sprinkling or wetting system. After 24 hours, the Contractor may cover the wet burlap with a layer of 4 mil (100 µm) polyethylene film for a minimum of 48 hours in lieu of using the sprinkling or wetting system. The wet burlap shall be applied within 30 minutes after the concrete has been deposited on the floor, except when the surface will be excessively marred by so doing, as directed by the Engineer. If the concrete is revibrated because of failure to meet density requirements with initial vibration, this time will be extended 15 minutes. Failure to apply wet burlap within the required time shall be cause for rejecting the work so affected. Surface concrete in the rejected area shall be removed and replaced at no additional cost to the Contracting Authority. 
We have a current specification revision submitted to eliminate the white pigmented curing compound and require placement of prewetted burlap within 10 minutes of final finishing.  We are also eliminating transverse tining in plastic concrete and requiring longitudinal grooving in hardened concrete.  This will remove the transverse tining from the placement operation and expedite the placement of the wet cure.


7. What type of admixtures (air, WR, HRWR, corrosion inhibitors, shrinkage compensating, etc.) and dosage rates does your state allow for bridge overlays? Class O mix air entraining agent.  HPC overlay air entraining agent and mid range water reducer
8. What research have you done and what results have you achieved at reducing bridge deck overlay cracking?  We have not really done research, but based on prior experience and national recommendations from research we have adopted the requirements for temperature limitations on concrete mix at time of placement, limits on theoretical rate of evaporation, reduced the Portland cement content through the use of fly ash & ggbfs, and expedited placement of wet cure.  With approximately 15 years of experience we have found that these steps have virtually eliminated prior shrinkage cracking problems.    
9. Does your state specify incentive/disincentive payment for cracking?  No
10. Does your state specify a method of repair for cracking?  No, but our bridge maintenance division does perform epoxy injection of the cracks when the overlay experiences significant cracking (this cracking is more prominent on bridge overlay that were done before the implementation of the previously discussed controls).  
11. What is your state going to do next to deter cracking (research, materials, construction methods, etc.)? Are now going to require application of cure within 10 minutes on all bridges.  Texture is not applied and all deck overlays will be grooved.  We are also conducting field trials of HPC overlay mixes which use fly ash & ggbfs.  The HPC overlay mix has the potential to further reduce the potential for shrinkage cracking while still providing a durable low permeability overlay.   
