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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.)
INDOT has experience all types of cracks (random, longitudinal, transverse, etc), but sever occurrences are limited to one or two structures every year. Cracks may be more the result of differences in section thickness, supports angles for deck forms and fillets along beams and improper curing. Cracks typically go full depth but are extremely tight below the top mat of steel reinforcement.
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)?

Designer shows pour sequence on plans. Request for combining pours into continuous placement must be done with Department approval. Concrete producer must be capable of minimum pour rate. Use of retarder is typically required if pour is continuous. Typical method of placement is through pumper, but direct placement from chute, crane and bucket, and belt placer all continue to be used.
3. What total cementitious content does your state specify for standard bridge decks?  HPC bridge decks? 
Class C concrete for bridge decks requires 658 pcy cement content not to exceed 718 pcy. If Type IP or IPA cement is used the cement content is 697 pcy. 

HPC requires paste volume not to exceed 28.0 % of the concrete volume. HPC also requires cement content to be390 pcy. Fly ash can be 20.0 to 30.0 % of total cementitious and silica fume can be 5.0 to 7.0 % of total cementitious.
4. What does your state allow for type and amount of cementitious replacement?

For Class C, 30 % replacement with ground granulated blast furnace slag.
20 % reduction in cement content when using fly ash with replacement ratio of 1.25 to 1, minimum.
5. What does your state specify for evaporation rate control?

None for Class C in bridge deck. For QC/QA bridge decks the Contractor must use evaporative retardant unless evaporation rate is less than 0.15 lbs/ft²/hr. If silica fume is used, evaporative retardant must be used and fogging is required if evaporation rate exceeds 0.10 lbs/ft²/hr.
6. What does your state specify for time of application, type, application rate, and duration of curing for standard bridge decks?  HPC bridge decks?
Standard Class C bridge decks require protective cover as soon as tined surface can support the cover.  Protective cover must be thoroughly wet during 168 hour cure period. Curing compound may not be used.

HPC must use evaporative retardant until tined surface can support protective cover. Protective cover must be thoroughly wet during 168 hour cure period. Curing compound may not be used. 
7. What type of admixtures (air, WR, HRWR, corrosion inhibitors, shrinkage compensating, etc.) and dosage rates does your state allow for bridge decks?

Air entraining admixture and chemical admixtures A through E may be used in Class C bridge deck concrete. AEA and chemical admixtures A through G may be used in HPC and QC/QA bridge deck concrete. Dosage rates are typically set to match the manufacturer’s recommendation.
8. What research have you done and what results have you achieved at reducing bridge deck cracking?

Ternary cementitious, low paste volume concrete mix, with increase in steel reinforcement in bridge deck, and change in specification for stay-in-place form.  They are all very positive, we reduced the tendency for cracks in many cases.
9. Does your state specify incentive/disincentive payment for cracking?

No.

10. Does your state specify a method of repair for cracking?

Not for cracking that occurs during or soon after construction.
11. What is your state going to do next to deter cracking (research, materials, construction methods, etc.)?

Research, materials, curing procedures, and design of decks have all been modified. Better education and enforcement of specifications during construction may be the next step.
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.) 

Vertical cracks appear to match transverse cracks in bridge deck.
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 slip form and fixed form.
3. What total cementitious content does your state specify for barrier rail?  Are well graded aggregates required?
Class C concrete for bridge decks requires 658 pcy cement content not to exceed 718 pcy. If Type IP or IPA cement is used the cement content is 697 pcy. 

Aggregate gradation is consistent but may not always be particularly well graded. Fiber reinforcement of slip form railing has been done, particularly for the taller railing.
4. What does your state allow for type and amount of cementitious replacement?

For Class C, 30 % replacement with ground granulated blast furnace slag.

20 % reduction in cement content when using fly ash with replacement ratio of 1.25 to 1, minimum.
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?
Deck railing typically gets a surface treatment, so a wet curing is required using protective covering. If the deck railing concrete mix incorporates ggbfs or silica fume, surface treatment is not required and a curing sealing may be used in lieu of protective covering. Use of cure and seal shall be discontinued if plastic shrinkage cracks occur and wet curing with protective covering utilized.
6. What type of admixtures (air, WR, HRWR, corrosion inhibitors, shrinkage compensating, etc.) and dosage rates does your state allow for barrier rail?

Air entraining admixture and chemical admixtures A through E may be used in Class C bridge deck railing concrete.
7. Are concrete barrier rail continuous or gapped?  If gapped, what interval is used and what material is placed in the gap?

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

No research in this area.
9. Does your state specify incentive/disincentive payment for cracking?

No.
10. Does your state specify a method of repair for cracking?

No.
11. What is your state going to do next to deter cracking (research, materials, construction methods, etc.)?

Design changes, material spec changes from research, and construction methods from research.
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.)

If cracking occurs it is random due to improper curing or high evaporation rate during placement resulting in plastic shrinkage cracks of latex modified concrete overlay. It can also happen with silica fume modified concrete overlay.
2. What is the typical method of batching and placement (mobile mixer, belt, pump, etc)?

Mobile mixers are use for latex modified concrete overlay. Transit mixers and placement off the chute is used for silica fume modified concrete overlay.
3. What total cementitious content does your state specify for standard bridge overlay?  HPC bridge deck overlay? 

Cement content must be 658 pcy minimum. If Type IP cement is used the cement content should be 697 pcy. If fly ash is used, the total cementitious content should be 683 pcy. 
Silica fume modified concrete overlay requires cement content of 658 pcy and silica fume content of 50 pcy. 
4. What does your state allow for type and amount of cementitious replacement?

15 % reduction in cement content when using fly ash with replacement ratio of 1.25 to 1, minimum.
5. What does your state specify for evaporation rate control?

None for latex modified concrete.
For Silica Fume Modified Concrete Overlay, evaporative retardant must be used after finishing and texturing. If evaporation rate exceeds 0.10 lbs/ft²/hr, the surface must be fogged until protective cover is in place.

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?

 Cure period shall be 24 hr of wet cure followed by 72 hr of dry cure. The overlay may be opened to traffic during minimum cure period if compressive strength cylinders achieve 4000 psi or greater First layer of wet burlap is placed as soon as overlay surface will support it without deformation. Second layer of wet burlap is placed approximately one hour after first layer. Polyethylene sheeting may be used in lieu of second layer of wet burlap.

For silica fume modified concrete overlay the cure period is seven days and a minimum compressive strength of 4500 psi. The 7 day cure period will not be waived based on strength gain. First layer of wet burlap is placed as soon as overlay surface will support it without deformation. Second layer of wet burlap is placed approximately one hour after first layer. Polyethylene sheeting may be used in lieu of second layer of wet burlap.
7. What type of admixtures (air, WR, HRWR, corrosion inhibitors, shrinkage compensating, etc.) and dosage rates does your state allow for bridge overlays?

LMC get latex modifier.
SFMC can use AEA and chemical admixtures A, B, D, F, & G
8. What research have you done and what results have you achieved at reducing bridge deck overlay cracking?

Curing method and better substrate concrete preparation.
9. Does your state specify incentive/disincentive payment for cracking?

No.
10. Does your state specify a method of repair for cracking?

Yes. Use Department Approved “Sealer Healer”
11. What is your state going to do next to deter cracking (research, materials, construction methods, etc.)?

Changes in materials and construction specifications through research.
