Thermal Cracking
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NOTE:

The following presentation is an overview only.

There are several other factors to be considered
when determining when cracking will occur in an
concrete element.

The presentation covers basic proven highly
effective methods to aid in crack free concretetdue
thermal developments.



hermal Cracking
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Cement hydration produces a rise in internal
temperature.

The outer surface cools faster than the core of the
section.

By thermal expansion/contraction, the temperature
differential induces thermal (tensile) stresses at the
surface. (Mshta)

Stresses > Tensile Strength == Thermal Cracking!
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Factors Effecting Temperature
INncre ase:

Element Geometry.

Supplementary Cementitious Materials
(SCM’s).

Amount of Cement and (SCM’s).

Placement Temperature.



Heat Transfer is Complex
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In-Place Temperature Prediction
Models
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e Least Dimension Geometry of Element

« Both dimensions equal roughly 29.5 yd3

10'w x 10’

16.25'w x 16.25'l




Temperature Rise In different shape
geometries (Both Footers 29.5 yd3)
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Temperature Difference in different shape
geometries (Both Footers 29.5 yds)
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Fly Ash Slag Cement



Temperature Rise of Supplementary
Cementitious Materials
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Amount of Cement per Yard

A more Is better syndrome Is becoming more
and more common.

With high Compressive Strength requirements
and Fast Track Construction Schedules more

cement iIs a common easy solution to achieve
both.

But what are we really achieving ???




5 through 8 Bags of Type | Cement
(Max Temperature)



5 through 8 Bags of Type | Cement
(Temperature Differential)
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Final Placement Temperature

Placement temperature Is the temperature
before cement heat of hydration occurs.

The final stable temperature of the concrete
element in question is highly dependent on
the placement temperature.

The stable temperature Is almost degree for
degree of placement temperature.







So What Can We Do ??7?
(Cureg

Now that we know the basic causes of high concrete
temperatures and temperature differentials that
lead to thermal cracking we can :

Design Mixtures using lower cement contents antdrg
amounts of (SCM’s).

Use Insulation to help control Temperature Difféian
Select lower placement temperatures especiallpohec

weather for larger geometry placements 2’ or more.
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Scenario #1

A contractor has a foundation footer to pour naduhry Iin
Charleston W.V.

The footer dimensions are as follows: (15’ [) x’() x
(5’n) or (28 yd3).
The specification for the footers are 4000 psdd® design

strength and 3000 psi to remove formwork, ceas@gand
continue construction.

Due to tight construction deadlines and cold weathe
contractor request an 8 bag mix and a 70° F pluseptant
temperature, to obtain 3000 psi in 72 hours.




A Thermal and Stress analysis reveals that:




High Placement Temperatures, High Cement Contemty Bge
Form Removal equal a High Probability for Cracking.

Max Temp = 162° F
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Scenario #2

A mix was used with 300 Ibs of cement 300 lbs GGIg.
A final placement temperature of 57° F.

Forms were left in place and covered with one s
blanket for 7 days.

42° F was decreased from the core temperature.
Temperature Differential decreased dramatically.
Stress Analysis reveals Low Probability for Cragkin



Temperature Development




Compressive Strength Development




Crack Probability




For a FREE Download of Concrete
Works software please visit:

WWW.TEXASCONCRETEWORKS.COM



Questions and Further
Information

Steve Williamson

(Quality Control Manager)
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(Associate)
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