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•Drying Shrinkage

•Plastic Shrinkage

•Thermal Strain gradients

•Autogenous and Chemical Shrinkage



Autogenous, chemical, and thermal effects are relatively a minor 
contributor



Deck placed in Dec 2015





Patch Spalls, 1009, 
23%

Potholes, 90, 2%

Rehab, 100, 2%

Resurface, 109, 3%

Overlay, 188, 4%

Methacrylate, 
2646, 59%

Replace, 2, 0%
Misc, 307, 7%

CA BRIDGE DECK REPAIR 2005-2015 



 Methacrylate deck treatment cost Caltrans

$50 Million Annually

 Over half of the State + Local bridge decks 
treated have been newer (less than 4 years old)

 About half of those were flagged for treatment 
in the first biennial inspection (~2 years old)



“Preventing” Deck Cracks 

is a better solution



 Modifying Procedures can result in reduced 
Plastic Shrinkage cracking

 Modifying the Concrete can result in reducing 
both Plastic and Drying Shrinkage cracking



A. Shrinkage Reducing Admixture*

B. Water Reducing Admixture*

C. Fibers*

*add to concrete mix



 By using off-the-shelf Shrinkage Reducing Admixtures, 
combined with Water Reducing Admixtures and Poly 
Fibers, CalTrans has been successful in producing 
CRACK-Less Bridge Decks experimentally across the 
State since 2002.

 Aggregates were from many different local sources

 Successful in a wide range of mixes using 0%-25% 
Flyash; air entrainment; accelerating admixtures, rich 
and lean mixes, w/c ratios from 0.36 to over 0.50



 Aggregates directly influence drying shrinkage by 
restraining shrinkage of the paste.

 Shrinkage is a function of the aggregate’s stiffness 
(for a given aggregate size, concrete shrinkage will 
decrease with increasing aggregate modulus of 
elasticity).

 The size, shape, and gradation of the aggregates in 
a mixture also indirectly influence shrinkage by 
affecting water content and volume of paste in the 
concrete.



A target 28-day shrinkage value below the old 
spec of 0.045% would significantly limit or 
eliminate early-age shrinkage cracking. 

However, it would be difficult to achieve lower 
shrinkage values without transporting specific 
aggregates to areas where they are not readily 
available.

SPECIFYING DRYING SHRINKAGE VALUES



22 concrete batches. Concrete had w/c ratio of 0.33,  631 lb/cy cementitious 
with fly ash at 20%, 25% or 30%, and 5% either Silica Fume or Metakaolin. 

Shrinkage for Various SRAs
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Caltrans Research Data Conducted at San Jose State 



PASTE SHRINKAGE COMPARISON
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Of course it is the paste being controlled.  Shown for comparison is a typical  
deck mix using low shrinkage aggregate (no SRA).   

Caltrans Research Data Conducted at San Jose State 



SRAs reduce capillary tension in the paste pore 
water, thereby decreasing shrinkage strains as 
paste dries.

Previously, controlling drying shrinkage to 
these low levels required use of low-slump 
mixtures and large, dense, high quality 
aggregates.

It is now possible to do so using SRAs, water 
reducers, and fibers.





Type of work

------------------------------

Bridge deck concrete 

Maximum length change 
of laboratory cast specimens at 28 
days drying (average of 3) (percent)

--------------------------------

0.032



Concrete for concrete bridge decks must 
contain polymer fibers. 

Each cubic yard of concrete must contain 

at least 1 pound of microfibers and 

at least 3 pounds of macrofibers. 



Concrete for concrete bridge decks must 
contain a shrinkage reducing chemical 
admixture. Each cubic yard of concrete 
must contain at least 3/4 gallon of a 
shrinkage reducing admixture. 

If you use the maximum dosage rate shown on the Authorized 
Material List for the shrinkage reducing admixture, your 
submitted shrinkage test data does not need to meet the 
shrinkage limitation specified.













By reducing evaporation of water 
from the plastic concrete as it 
hardens lessens plastic shrinkage. 

Neglecting to do so will sabotage 
efforts to control early age 
shrinkage cracks. 



From ACI 308

Wind speed is taken 
20” above surface.

Air Temp  and 
Humidity  are 
measured upwind 
4-6’ above surface, 
shaded from sun.

Concrete Temp is 
taken at wet surface

Precautionary 
measures  are 
recommended 
when Rate of 
Evaporation is 
between 0.1 - 0.2 
lb/sq ft/hr; Over 
0.2 plastic cracking 
is expected.



Kestrel® 4300 Construction Weather Tracker

“Plastic Shrinkage Cracks are a costly problem for 
concrete professionals- they occur when the 
surface of the concrete dries quickly and shrinks 
before it is strong enough to resist cracking. 
Measuring relative humidity, ambient 
temperature and wind velocity at the pour site 
before the concrete is placed can help prevent this 
frustrating and expensive problem. Bluetooth® 
data transfer capabilities send minute by minute 
conditions during any pour straight to a laptop 
for easy jobsite documentation that conditions 
were within industry acceptable standards. The 
Kestrel 4300 Construction Pocket Weather Tracker 
is the perfect solution-accurate, quick response 
readings give concrete professionals the 
information they need to place concrete that won't 
crack.”











MODIFY PROCEDURES

 Conduct a Pre-Pour  Meeting
 Ensure cure is applied timely
 Pre-wet curing blankets
 Use Fogging system
 Use windbreaks
 Place at night if required
 Use evaporation reducers
 Delay placement until 

environmental conditions are 
favorable

 Cure water T should be close 
to deck surface T to avoid ∆T 
stress

MODIFY CONCRETE

 Cool Concrete : T<80°F at 
placement: Ice, Nitrogen; 
wet down stockpiles days 
before need

 Use Shrinkage Reducing 
Admixture (mostly for 
Drying Shrinkage, 
however it may aid in 
cement hydration)

 Use Water Reducing 
Admixture and Fibers: 
micro and macro both 
help



See Deck soffit –
without SRA built 2001
~ Note Efflorescence ~

Deck Concrete with SRA 
used after first stage 2002: 
752 lb/cy 
25% Flyash ,
0.36 w/c  ratio   



OK, this wasn’t a success, 
but a data point on the 
learning curve

















Indicates coverage of climate and 
diversity of local concrete mixes.





$50 MILLION TO SEAL 
CRACKS

$2 MILLION FOR 
CRACK-Less DECKS



Savings Can Be Substantial Over Time. 

Avoiding Inconvenience To The Public Is PRICE-Less!

 CalTrans: $50 Million is spent 
annually to seal Deck Cracks 
with Methacrylate; 10 year cost 
= $500,000,000.

 Using Shrinkage Reducing 
Admixture and Fibers for 
CRACK-Less  Decks would cost 
<$2 Million/yr; that could 
result in a 10 year savings of 

$480,000,000!



 Bid Item Structural Concrete, Bridge (Polymer 
Fiber) $1,090/CY  = $620,210 

• 569 CY

 We estimate the SRA and fibers cost $34,865

• ~ $62/CY

• In this case $1.92/SF

 Bridge Work = $7,802,296.11 – so to get a 
CRACK-Less deck , cost increase is 0.45%



Are you interested in the potential of 
building a bridge in ¼ of the time, or 

less, than it normally takes?



 High Performance  Cure produces high quality 
early strength CIP deck in 3 days using 
CRACK-Less Deck formula with P-A-M 
membrane forming compound and water 
method

 On third day, curing blankets are removed, 
water cure is ceased, and additional curing 
compound is applied at 100 SF/gal  

 Cure time is reduced by 57%, saving time, 
money and cure water; allows traffic to use the 
bridge sooner























No Cracks!

Fibers sticking up from 
surface









 Deck High Performance Concrete 7.5 sks with:
 Polyheed 1025 @ 7oz/cwt Water reducer
 Eclipse 4500 @ ¾ gal/CY Shrinkage reducer
 Strux 90/40 Fiber @ 3 lbs/CY Macro Polyolefin Fibers
 Concrete Strengths:

2 day: 3150 psi
4 day: 4010 psi

7 day : 4540 psi
28 day: 5900 psi

 High Performance Cure:
 Shrinkage Reducing Admixture, Macro Fibers added to 

concrete.
 Curing compound and Water Cure 3 days followed by 

heavy application of curing compound after water cure 
prior to traffic



Constructed in October 2011:
SRA @ ¾ Gal/CY = $18.75/CY
Fibers @ 3 lb/CY = $18/CY
Additional Expense for a CRACK-Less 

108’ long Bridge Deck = $2,940
$0.62/SF

http://www.aspiremagazinebyengineers.com/i/297009-fall-2013/27



What will be the next breakthrough, what’s cost effective for 
the best Return on Investment?

•Internal Cure
•Self-Healing Concrete
•Hydrophobic Concrete
•Evaporation Control

• ???

For additional information, see our article in ACI’s publication 
Concrete International, July 2013, pp. 36-41 “Controlling Shrinkage 
Cracking - Available technologies can provide nearly crack-free 
concrete bridge decks” by Ric Maggenti, Craig Knapp, and Sonny 
Fereira

http://www.dot.ca.gov/hq/esc/construction/manuals/

An ounce of Prevention is worth a pound of Cure! - BF
Build it SAFE, RIGHT, and FAST; and in that order – SF 

ABC’s of CRACK-Less Bridge Decks


