State DOT Best Practices for Minimizing HPC Deck Cracking – 7/21/04

Florida

· Cracking problems exist in any or all 3 major operations:  mix  design,  placement  or curing

· Recommend mix design with w/cm < 0.41 and pozzolans

· Special DOT approval of mix designs when placing temperature will exceed 90 F

· During hot weather placement, rebar is sprayed with water immediately prior to concrete placement

· Contractors sawcut joints within 12 hours of placement and start moist curing as soon as possible after finishing process

· Crack repairs based on width and depth, and environmental location of bridge.  Use penetrating sealers, methacrylate sealers or epoxy injection

Georgia 

· Use a 7-day wet cure (wet burlap and polyethylene).  This method appears to be working satisfactorily; although, a long-term history has to be developed to study the method’s worth.  This also is true for use of fly ash and slag.

Hawaii  

· Have no experiences with cracking in new bridge decks.  

· Majority of their bridge types are prestressed concrete girders.  Steel girder bridges not common because of environment. 

· Recently used a shrinkage-reducing admixture that worked well.  Shrinkage reducing admixtures reduce shrinkage cracks by 50%.  Wet curing for 7 days is done.

Illinois 

· Have instances of transverse crack development in new decks.  They believe that new cements, new additives and composite beam restraint contribute to the problem.  Studying ways to remedy issue.

Kansas 

· Provided a reminder that there is a pooled study, currently being performed by the University of Kansas that specifically targets the bridge deck cracking issue.  The Study’s title is “Construction of Crack Free Concrete Bridge Decks

Kentucky

· Problem on decks reconstructed under traffic

· Returned to former Class AA mix while evaluating HPC Class AA

· Adding 20 lbs. microsilica fume and 124 lbs. Class F or C fly ash to Class AA HP

(Option 1)

· Option 2:  186 lbs. GGBFS

· Option 3:  217 lbs. GGBFS and 93 lbs. Class C Fly Ash

· Option 4:  186 lbs. GGBFS and 62 lbs. Class F Fly Ash 

· Using 2 week wet cure on Class AAA and Class AA-HPC

· Dropping required tining to allow immediate covering of Class AAA

· Saw-cut grooving after curing

· Results of revisions still pending

Maryland

· f’c = 4200 psi minimum

· Minimum cementitious materials  factor = 580 lbs/cy; maximum cement factor = 550 lbs/cy; maximum w/cm = 0.45

· Corrosion inhibitor and synthetic fibers added

· Permeability = 2000 coulombs maximum; shrinkage = 400 microstrain maximum

Massachusetts

· Severe cracking problems with microsilica  dense concrete sidewalks

· 7 + 1% air content; 5” + 1” slump

· Silica fume dosage – 6% + 1% by dry weight of cement; Class F fly ash replacement of dry cement by 10%; Grade 100 or 120 GGBFS replacement of dry cement by 15%

· 0.40 maximum w/cm; 3 gal/cy addition of calcium nitrite; Type F or G superplasticizer

Michigan 

· They limit cement content and use of admixtures (particularly pozzolans) to reduce deck cracking.  

· Have established temperature, humidity and wind limitations.  

· Most important change to address issue is requiring that decks be cast at night and using a wet cure.  Nighttime casting limits temperature induced stresses as concrete sets up.  Have used night casting for about 10 years and favorable results have occurred. 

Minnesota

· Placed 15 HPC decks in last 5 years

· HPC mix includes 75% cement, 20% fly ash, 5% silica fume, w/cm < 0.40,  4” max slump without water reducers and 5” with water reducers

· Cure is pre-wetted burlap placed within 15 minutes of finishing; use ACI surface evaporation chart to control start of placements

· Cracking not extensive, and appears related to incorrect curing

· Most significant was on 2 daytime pours, windy days

· Crack repair method (very fine cracks) on one will be to flood deck with HMWM sealer

· Looking at night-time pours; specs now more prescriptive   

Nevada 

· Environment is believed to be major factor with cracking tendencies.  Majority of bridges are cast-in-place post-tensioned concrete box girders.  Their type bridges not as susceptible to restraint cracking.  

· Currently use curing compounds for curing.  Not happy with results.  Starting to use HPC for decks.  Will require wet curing with this.  They believe that mix designs may be the cause of deck cracking.  Accepting lowest cost mixes that meet slump, strength and workability does not help with crack control.  

New Hampshire

· QC/QA spec establishes pay factors for permeability, air content, w/c, strength, and rebar cover

· Believe that use of admixtures that replace cement will help.  Have had good experiences with fly ash.  Silica fume, in large dosages, unless cured properly, will cause problems.     

· Revisions to mix design, curing (the critical element) and placement sequence mitigated cracking.  Formerly 3-day wet cure; now 7-days with either wet burlap applied within 30 minutes or dry cotton mats applied within 10 minutes then immediately wet.  Two oldest HPC decks (in service for 5-7 years) are performing well.  These bridge decks were wet cured for 7-day duration.

· Revised spec to 640-658 lbs/cy cementitious materials, 0.42-0.44 w/cm and 6-10 oz HRWR per 100 lbs cement to reduce cracking.  Formerly experienced significant cracking when fabricators used 700-800 lbs/cy of cementitious materials (50% slag) and HRWR > 15 oz/100 lbs cement to obtain low permeability.  Improvements were realized when incentives for low permeability were eliminated.  Permeability needs were still realized and cracking levels were reduced.

· Follow deck placement sequence on plans unless otherwise approved

· All decks sealed with either torch-applied or spray-applied waterproofing membrane

· Believe that designing for deflection, resulting in stiffer girders, helps offset crack development.

· Do not believe that composite designs contribute to crack development. Have done studies on bridges without shear connectors and found that they acted compositely despite the absence of the shear connectors

· Advises that, with pool fund study in Kansas and with NCHRP Synthesis on deck performance, in about 3 years there will be a significant amount of information and sharing of experience to help solve problem.

New Jersey

· Mix Design verification:  scaling resistance, x = 3; freeze-thaw durability, x = 80% minimum; 56-day chloride permeability, x = 1000 coulombs maximum; 56-day f’c = 5400 psi minimum

· Wet burlap placed within 10 minutes of concrete strike-off, maintained for 7 days

· Concrete placed within 6-8’ of finishing machine

· Performance testing:  6 or 7% + 1.5% for air content, depending on aggregate size; 3” + 1” for slump; 56-day permeability of 2000 coulombs maximum; 56-day f’c of  4400 psi minimum

New Mexico 

· 60-70% of deck work produces good concrete (minor or no cracking).  Remaining results have shown severe cracking.  

· Have experimented with admixtures, construction methods.  They are thinking of adopting Ohio’s practices of calling for warranties by Contractors on deck work.  Warranty would require Contractor to seal any crack development up to a year after opening to traffic

North Carolina 

Have had ongoing discussions to disseminate causes of early age transverse cracking.  Issues discussed include:  high w/c ratio, high cement factor, lack of attention to curing, internal (rebar) and external restraint, locked in stresses due to poorly planned pouring sequences.  

· Now requiring pouring sequence (positive moment regions first), 7 day wet cure.  

· They are at a point where early age cracking is a phenomenon that will occur and that they plan for it and deal with it.

Ohio

· Found a very striking correlation between coarse aggregate absorption rate and extent of deck cracking.  Decks with very low absorptive aggregate cracked substantially more than the decks with aggregate absorption > 1%.

· Researched several years’ of test data vs. deck cracking and found that the correlation held remarkably true.  Almost every deck with cracking problems also had the low absorptive aggregate.

· HPC specs have been modified with a requirement to use only coarse aggregate with absorption > 1%, and the preliminary results have been fantastic. 

Oklahoma

· Reduced cement content from 611 lbs/cy

· Added fogging requirement after tining until curing agent can be placed

· Lowered maximum mix temperature requirements from 95 to 85 degrees

· Water cure as soon as concrete will not deform by placing mats

Pennsylvania 

· Deck crack development is an issue for them as well.  Studying use of different durations with wet curing to see what is the best duration to follow

· Specify maximum heat of hydration of 126.3 BTU/lb (70 calories per gram) at 7 days

· Range of w/cm of 0.40 – 0.45

· Sand Fineness Modulus Range = 2.6 – 3.1

· Minimum f’c = 27.6 Mpa (4000 psi)

· Required lab tests for payment:  Maximum permeability (AASHTO T-277) – 1600 coulombs; maximum shrinkage (ASTM C157) – 500 microstrain in 28 days

· Required field tests for payment:  f’c – 4000 to 6000 psi; air content of hardened concrete (ASTM C457) – minimum – 4.0%

· Informational Tests:  Chloride Ion Penetration (AASHTO T259); Scaling resistance (ASTM C672); (AASHTO T303 and ASTM C441); Freeze-thaw Durability (AASHTO T161); Abrasion Resistance (ASTM C944)

· Concrete placement temperatures – 50 to 80 degrees F

· Surface Evaporation Rate – 0.1 lbs/sf/hr maximum

· Concrete placement 5 – 8’ ahead of finishing machine

· 7-day wet burlap cure with minimum 3000 psi f’c; apply curing compound after burlap removal

· Sawcut Grooving after minimum of 10 days curing 

South Carolina

· Several upstate decks constructed with Class E (HPC) had problems with early-age cracking before being opened to traffic and immediately thereafter.  Mix design consisted of:

· minimum cement content:  600 lbs

· fly ash:


  140 lbs

· silica fume:

    42 lbs

· w/cm:


   0.37

· fine/coarse aggregate ratio:  35/65

· 28-day f’c:


  4000 psi

· 56-day f’c


  6500 psi

· Pilot deck built in March 2002 with modified HPC mix:

      -
minimum cement content:
500 lbs


      -
fly ash:



140 lbs


      -
silica fume


  35 lbs


      -
w/cm:



0.40


      -
fine/coarse aggregate

36/64


      -
28-day f’c


4000 psi

· New deck performing well with no cracks; after end of year change specs

Tennessee

· 3 HPC Decks

· No noticeable increase in cracking over conventional concrete

· f’c = 5,000 psi

· Permeability = 1500 coulombs

· w/c = 0.36

Texas  

· Mostly construct prestressed concrete bridges with 4-inch precast concrete S.I.P. form that is topped with a 4-inch C.I.P. concrete section.  They believe that there may be too much restraint with the precast S.I.P. form and composite action of the poured concrete into the beams.  

· They have a concern with over-design of their concrete mix.  Similar to NJDOT they have pay adjustment specifications and fabricators over-design their mixes that ultimately produce a high strength concrete (8000 psi).  This is achieved by use of a higher cement proportion.  They are rewriting their specifications to give relief to their fabricators so as to overcome this.  

· They are studying use of shrinkage reducing admixtures and making adjustments to aggregate graduations to minimize past volume.

· They require a 7-day wet cure duration.  They will initiate this year a curing process as follows:

· Apply evaporation retarder after screeding and floating

· Apply curing compound as soon as bleed water disappears

· Apply wet cotton mats for 8 days if Type I cement is used and 10 days if Type II cement or if slag, or fly ash is in mix.

Utah  

· Have experienced the same deck cracking development with their bridges.  Agree that concrete constraint may be an issue.  They build mostly integral abutment bridges and are willing to accept deck cracking in lieu of deck joint leakage.  

· Employ a 7-day wet cure for past 20 years.  Routinely place decks during winter months.  Use fly ash in concrete mix for about 20 years.  Cracking occurs in decks approximately 2 years after opening to traffic.  

· I-15 design/build project constructed 142 bridges in 3 years.  5% silica fume used in concrete for decks.  Believe that this contributed to crack development prior to requiring fog misting.  

· Conducting research project to try to correlate cracking with any specific factor.  They believe that there are so many variables that it is impossible to isolate what is right or wrong with their deck placing methods.  They have developed thought process that cracking may be minimized but not eliminated.  

· Studying use of overlays to remedy problem and are leaning toward use of epoxy urethane systems with broadcast stone.  

Virginia (Dr. Celik Ozyildirim) 

· Cracking at early ages is caused by loads (generally construction equipment) and environment.  To minimize cracking structural design, material selection, proportioning and construction must be evaluated.  

· In design, use of flexible beams, long spans and certain detailing will offset movement and restraint.  

· In material selection, ingredients that result in concrete with low shrinkage would be beneficial.  

· In construction, consolidation and curing are important.  In curing, moisture and temperature control are important.

· Use of pozzolans minimizes bleeding; therefore, decks must be fog misted or covered immediately to prevent plastic shrinkage cracking.  Virginia cures for 7 days and applies curing compound after wet cure period.  

· NCHRP Report 380, “Transverse Cracking in Newly Constructed Bridge Decks,” provides information as to why there is more cracking in bridge decks now than years ago.  Certain issues, as follows, are discussed:  Today’s cements are more prone to cracking, mixture proportioning is not optimal (too much paste is developed), curing must include wet curing durations, and flexible structures should be avoided are the recommendations made in the Report.

General

· September 2002 issue of ACI Concrete International, “Crack-free, HPC Structures”:  Canadian experience is that curing is key

· start water cure at proper time

· use fog sprays or other evaporation-retarding methods

· start water cure as soon as hydration starts

· measure heat with thermocouple, maturity meter or electrical conductivity  to determine when curing should start
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