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Michigan NRCS Construction Specification: Reinforced Concrete MI-158 – Section 9:
 9.
CONCRETING IN COLD WEATHER

Concrete shall not be mixed nor placed when the daily atmospheric low temperature is less than 4oC (40oF) unless facilities are provided to prevent the concrete from freezing.


Facilities for cold weather concreting shall consist of:


a.
Use of warm concrete with temperatures from 13o to 18oC (55o to 65oF).


b.
Adequate protection from the weather, including the use of artificial heat, to prevent the temperature of the concrete from falling below 10oC (50oF) for a period of 3 days, and the relative humidity of the air near the concrete from falling below 40 percent.


c.
Accelerators such as calcium chloride may not be used to speed the hardening of concrete.  (Accelerators such as calcium chloride may be used in Plain Concrete – Construction Specification 159)

d.
The contractor shall furnish to NRCS for approval, a written plan that shows how the contractor will meet the requirements of this specification.  The plan must also show how the requirements of ACI Specification 306, Cold Weather Concreting, will be met.
Considerations for preparing and implementing a cold weather concreting plan:

Do’s:
1.) Deciding not to pour concrete unless the forecast calls for temps above 50oF for 3 days.

2.) Provide insulation and/or artificial heat to prevent ground from freezing (i.e. hay/straw)

3.) Provide insulation and/or artificial heat to maintain concrete at 50OF (i.e. blankets, hay/straw).

4.) Heating of mixing water and aggregate at batch plant

5.) Decrease water to cement ratio at batch plant and place concrete at a slump of 4 inches or less.
6.) Use of Type III cement – High early strength cement.

7.) Use of ASTM C 494 Type C or E admixture –reduce set time.

8.) Adding an additional 100 lb./c.y. of cement at batch plant.

9.) Keep forms in place for a longer duration and provide adequate insulation.

10.) Providing heated enclosures or windbreak for weather protection

11.) Using artificial heat such as propane heaters to warm concrete during curing.

12.) Take off insulation during the warmest part of the day.
13.) Monitor the concrete temperature.

14.) Use curing compound to prevent moisture loss over longer curing period due to low temperatures.

Don’ts:

1.) No Chloride, anti-freeze compounds, or corrosive admixtures in reinforced concrete.
2.) No frozen subgrade, No snow or frost covered subgrade, No subgrade temperatures < 45OF.

3.) No snow or frost in the formwork.

CONTRACTOR’S PLAN FOR MEETING THE REQUIREMENTS OF 

NRCS CONSTRUCTION SPECIFICATION MI-158 AND ACI SPECIFICATION 306:

	
	PLEASE PLACE AN “X” IN THE BOX(ES) AT THE LEFT FOR THE PLANNED LEVEL(S) BELOW:

	
	LEVEL  I  COLD  WEATHER  CONCRETING

Placing concrete in favorable weather – air and ground temperatures at or above 45 F.

Concrete placement time is scheduled to be sure that within the 10 days after placement, the concrete does not freeze and will have at least 3 days where the average daily temperature is at a minimum of 50 F.  The times may be shortened to 6 and 2 days where type III cement or approved accelerator is used.  Minimum or no insulation along with appropriate timing may be acceptable at this level.


	
	LEVEL  II COLD  WEATHER  CONCRETING
Placing concrete in unfavorable weather, and ground temperature at or above 45 F.  Unfavorable weather is where concrete surface may freeze without insulation or concrete temperature cannot be maintained at 50 F or above without insulation.

Requirements for this level include insulation of the concrete after placement.  The insulation needs to be appropriate for the air and ground temperatures and type of cement/admixtures as insulation keeping the concrete over 75 F may be detrimental to quality.  



	
	LEVEL  III  COLD  WEATHER  CONCRETING
Placing concrete where ground temperatures are below 45 F. 

Additional heat is required for concrete placement in this condition.  A tent may need to be set over the concrete to maintain concrete temperatures 50 F or greater during the 2 or 3 day minimum set time.  An alternative may be to allow a lower ground temperature and monitor the slab, adding heat if necessary.


	
	COLD WEATHER CONCRETING PLAN SPECIFICS
PROVIDE COMPLETE INFORMATION FOR ALL REQUIRED ITEMS AND FOR ANY OPTIONAL ITEMS WHERE THEY WILL BE IMPLEMENTED.


	REQUIRED  FOR  ALL  LEVELS
	PLANNED ENVIRONMENTAL CONSTRAINTS:

Minimum air temperature at time of concrete placement: ______________________________

Minimum ground temperature at time of concrete placement: __________________________

Contractor will be responsible for performing own quality control monitoring of air and ground temperatures. Actual temperatures at time of concrete placement shall be recorded on table below:
POUR LOCATION AND DATE

AIR TEMPERATURE

GROUND TEMPERATURE



	REQUIRED  FOR  ALL  LEVELS
	PLANNED CONCRETE DESIGN MIX:

Cement Type (I, IA, II, IIA, III or IIIA): ___________________________________________

Cement quantity, Pounds Per Cubic Yard: __________________________________________

Required slump at placement, inches: _____________________________________________

Considerations:

Amount of Type I, IA, II, or IIA cement used in the design concrete mix can be increased by up to 100 LBS/C.Y. beyond the minimum required to achieve design strength.

Type III or IIIA cement can be used in place of Type I, IA, II, or IIA cement.

Water/Cement ratio can be reduced at the batch plant such that the concrete will be placed at a slump of four (4) inches or less.

Contractor will be responsible for performing own quality control testing of concrete slump.



	OPTIONAL  FOR  ALL
	PLANNED CONCRETE ADMIXTURE(S):

Specify manufacturer and product name ___________________________________________

Specify amount to be used per C.Y. of concrete _____________________________________

Accelerating admixtures must meet the requirements of ASTM C 494, Types C or E.  Assume they will be about the equal in producing heat of hydration equal to use of type III cement in a mix.  Use of accelerators and type III cement is not well covered in the ACI code.  Use of both an accelerator and type III cement should be approached with caution and a detailed plan of monitoring concrete temperatures.  Calcium Chloride or accelerators with chloride may not be used in reinforced concrete.


	OPTIONAL  FOR LEVELS  I  &  II

REQUIRED  FOR  LEVEL III
	PLANNED USE OF HEATED CONCRETE:
Planned Concrete Temperature at time of placement: ________________________________

Heated concrete can be provided by the batch plant such that its temperature at the plant is between 55OF and 65OF, and its temperature when placed is not less than 55OF. Contractor will be responsible for performing own quality control testing of concrete temperatures. Actual concrete temperature at time of concrete placement shall be recorded on table below:

LOAD

  NO.

PLACEMENT LOCATION

DATE

TIME

CONCRETE TEMPERATURE



	OPTIONAL  FOR LEVELS  I  &  II

REQUIRED  FOR  LEVEL III
	PLANNED EXTERNAL HEAT SOURCE(S):
Where ground temperature has fallen, or is likely to fall, below 45O F prior to concrete placement, ground will be covered with a heated enclosure, heat blankets, or other acceptable heat source(s) insure ground temperature is at or above 45O F prior to concrete placement.
Heated enclosure will be used to maintain the concrete temperature at or above 50O F for a minimum of three (3) days in order to achieve a minimum compressive strength of 500 PSI. Relative humidity must be maintained at or above 40%. Certain heat sources must be vented to prevent carbonation of concrete surface.
Specify planned enclosure type: _________________________________________________

Specify planned heat source: ____________________________________________________

Specify planned heater ventilation: _______________________________________________

Specify how humidity will be controlled:  _________________________________________
Specify monitoring plan for temperature, humidity and ventilation (methods, timing, duration): 
____________________________________________________________________________


	OPTIONAL  FOR LEVEL  I REQUIRED  FOR  LEVELS  II &  III
	PLANNED INSULATION

Where ground temperature has fallen, or is likely to fall, below 45O prior to concrete placement, ground will be covered with insulation to trap heat and prevent further cooling.
Concrete will be insulated immediately following final finishing in order to maintain the concrete temperature at 50OF or greater for a minimum of three (3) days in order to achieve a minimum compressive strength of 500 PSI.

Specify planned insulation material _______________________________________________

Specify planned insulation thickness, inches ________________________________________

Specify planned R-value _______________________________________________________

Specify temperature monitoring plan (methods, timing, duration): _______________________

____________________________________________________________________________



	REQUIRED  FOR  ALL  LEVELS
	FINISHING COLD WEATHER CONCRETE:
Specify plans to achieve proper concrete finishing: ___________________________________

____________________________________________________________________________

Background: Early troweling will trap bleed water just below the surface and will cause spalling when freeze/thaw cycles happen.  This is mainly a surface defect, but will seriously affect epoxy coatings.  To help avoid inappropriate early finishing, an accelerator is helpful along with using a lower water/cement ratio mix to reduce bleedwater.  During the lower set rates, lower slump concrete and set accelerators can help reduce the time between placement and final finishing.  Just because bleedwater is not present at the surface, the concrete is not necessarily ready to finish.  Heated concrete and low humidity can cause faster evaporation of the bleedwater than in non-cold weather concrete placement conditions.


	REQUIRED  FOR  ALL  LEVELS
	PREVENTING THERMAL SHOCK:
Specify plans to prevent thermal shock: ___________________________________________

___________________________________________________________________________
Background:

Removal of forms, insulation, and external heat sources can result in quick temperature changes (rapid cooling) at the outside face of the concrete. Rapid exterior temperature changes are not quickly transferred to the interior of the slab or wall.  This temperature difference can produce high internal stresses that result in cracking of the concrete member.  This is more of a concern in walls than slabs because walls are completely exposed to the air, while slabs on grade benefit from the moderating affect from the ground.  The maximum allowable drop in temp of the concrete should be 50O F over the 24 hours after the protection is removed.  Ways to reduce thermal shock are:

1.) Leave the forms/insulation in place until the temperature differential is reduced.  The longer the concrete is covered, the more heat it will lose and the cooler it will become.
2.) Time the form removal for earlier in the day rather than last thing.
3.) Monitor the concrete temperature and remove forms when the air temperature is close to the concrete temperature.  It may be better to remove forms and insulation earlier if there is a significant warm up 3 or 4 days after the placement instead of later.


	OPTIONAL  FOR  ALL  LEVELS
	Other  Cold Weather Concreting Practices such as testing for strength before loading– Please describe: 
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