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GOAL OF ACI 306
Concrete placed during
cold weather will
develop sufficient
strength and durability
to satisfy the intended
service requirements
when it is properly
produced, placed, and
protected.
The Key to Proper Cold
Weather Concrete is
Managing Risk



Prior to ACI 306R-10
“a period when, for more than 3 consecutive days, the following
conditions exist:

1) the average daily air temperature is less than 40⁰F and

2) the air temperature is not greater than 50⁰F for more than one-
half of any 24-hour period.

3) The average daily air temperature is the average of the highest
and lowest temperatures occurring during the period from
midnight to midnight.”

When does Cold Weather
affect Concrete?



ACI 306R-10 and later
When the air temperature is below 40 degrees

When the expected temperature is expected to be below 40 degrees during
the protection period.

This newer definition requires that cold weather
concreting be enforced more often

When does Cold Weather
affect Concrete?



The Protection Period



How Often Does It Freeze

Annual average number
of days temperatures
fall below 32 °F (0 °C)

Less than 30
30 to 90
91 to 150
151 to 210
More than 210



Recommended Concrete
Temperatures



We all know that concrete produces an exothermic
reaction, so why do I need protection?

The temperatures and time periods for protection are
there to prevent damage to the concrete by early age
freezing of the water required for cementitious
hydration

Cold weather – Why do We Care?



EFFECT OF FREEZING
1. Race Between the hydration of cement (Generates

heat as well as strength) and heat loss

2. At a point after hydration, the concrete is strong
enough to resist freezing

3. Very little hydration takes place below 40 ºF



RISKS OF COLD WEATHER
1. Neglecting protection against early freezing can

cause immediate destruction or permanently

weakened concrete.

2. The durability of concrete can be significantly

reduced



OBJECTIVES/ INTENT OF COLD
WEATHER CONCRETING

1. Normalize set of concrete

2. Limit rapid temperature change

3. Prevent damage from freezing at early stages

4. Provide protection consistent with serviceability of
structure



Delayed set times
Frozen sub-grade
Ice in bottom of forms
Over/early finishing
Plastic shrinkage cracking
Crazing

Problems for Freshly-Mixed
Concrete in Cold Weather



BLADED ICE CRYSTALS CAST IN CEMENT PASTE-
CONCRETE FROZE WHILE STILL PLASTIC



Temperatures             Approximate
Setting Time

100 °F (38°C)              2 Hours
90 °F (32°C)              3 Hours
80 °F (27°C)              4 Hours
70 °F (21°C)              6 Hours
60 °F (16°C)              8 Hours
50 °F (10°C)            11 Hours
40 °F ( 4°C)             14 Hours

Setting Time of Concrete at
Various Temperatures (Delay)



Delayed set times
Frozen sub-grade
Ice in bottom of forms
Over/early finishing
Plastic shrinkage cracking
Crazing

Problems for Freshly-Mixed
Concrete in Cold Weather



Frozen Subgrade



SUBGRADE HAS PREVIOUSLY BEEN
THAWED WITH HOSES, BLANKETS & TARPS



Delayed set times
Frozen sub-grade
Ice in bottom of forms
Over/early finishing
Plastic shrinkage cracking
Crazing

Problems for Freshly-Mixed
Concrete in Cold Weather



Ice or Snow in forms



Delayed set times
Frozen sub-grade
Ice in bottom of forms
Over/early finishing
Plastic shrinkage cracking
Crazing

Problems for Freshly-Mixed
Concrete in Cold Weather



OVER/ EARLY
FINISHING

1. Because of drying conditions, concrete may

appear to be ready to finish or, require

additional finishing effort

2. Results:

A. Detrained air in the top ¼”

B. High potential for scaling



OVER/ EARLY FINISHING



Delayed set times
Frozen sub-grade
Ice in bottom of forms
Over/early finishing
Plastic shrinkage cracking
Crazing

Problems for Freshly-Mixed
Concrete in Cold Weather



PLASTIC SHRINKAGE
CRACKING

1. Low relative humidity

2. Wind

3. Absorbent subgrade or formwork

4. Prolonged set times

5. Lack of early protection from drying



WHEN WATER EVAPORATES OFF
THE SURFACE TOO RAPIDLY,

CRACKING USUALLY OCCURS.

Plastic shrinkage occurs when the rate of evaporation of
surface moisture exceeds the rate at which the rising

bleed water can replace it.





Delayed set times
Frozen sub-grade
Ice in bottom of forms
Cold formwork
Over/early finishing
Plastic shrinkage cracking
Crazing

Problems for Freshly-Mixed
Concrete in Cold Weather



Crazing aka Alligator Cracking



HOW TO AVOID PLASTIC (OR ANY
OTHER KIND OF) SHRINKAGE CRACKS:

1. Accelerate the set (different from high-early concrete)
2. Use micro-fibers
3. Use temporary evaporation control

1. Use evaporation retarder
2. use poly/plastic sheeting

4. Cut joint as soon as feasible- DO NOT WAIT!!
5. Use a high quality curing compound, sooner rather than

later
6. Use curing/insulating covers
7. Protect & Cure!!



CURING!



ISSUES THAT OFTEN ARISE IN
COLD WEATHER

1. Don’t skimp /  forget curing

2. Concrete Cylinders



The most common methods to maintain the required
concrete temperatures during cold weather periods that are
used include:
• Hot water in the concrete mix
• Steam heated aggregate
• An accelerating admixture
• Heating/tenting the area of concrete placement
• Reschedule the concrete pour to a warmer day

It’s cold outside. What now?



Why go through all this trouble when you
have the expertise available to de-risk the
project and reduce cost, with the use of

“Freeze Resistant Concrete”

How can we mitigate our risk?



Do You Really Want To Spend This Much
Money On Temporary Protection?



Issues with Temporary Protection

• Heat that may go out at any time

• Round the clock monitoring

• Is the temperature too hot, too
cold, just right?

• Is the slab adequately shielded
from wind chill all around?



Freeze resistant concrete is a system
consisting of the concrete mix with additives

that allows for placement of concrete in
extreme cold temperatures with minimal or
no externally applied heat that can achieve

proper hydration before freezing

What is Freeze Resistant Concrete?



1. Reduces construction cost
2. Reduces initial set
3. Concrete placing cycle is accelerated
4. Improves early strength gain
5. Allows same-day finishing
6. Maintain Schedule
7. Emergency Situations
8. When Heating The Area Is Difficult Or Not Feasible

Why Should We Use Freeze
Resistant Concrete?



Chapter 11: Acceleration Of
Setting And Strength
Development

11.3 Cold Weather Admixture Systems (CWAS)
Follows ASTM C 1622/C1622M as a group of
admixtures that depresses the freezing point
of mixing water and increases the  hydration
rate of cement



ASTM C-1622 / C-1622M-05
Standard Specification For Cold

Weather Admixture Systems

• Determine the placement temperature of

concrete according to ASTM C 1064/C1064M

• The more massive the concrete section, the

less rapidly it loses heat.



Freeze Resistant Concrete
Applications

• Freezer floors
• Exterior concrete
• Interior concrete exposed to freeze/thaw

during construction
• Metal deck placements
• Commercial/industrial concrete
• Retail facilities
• Residential construction



Freeze Resistant Concrete can be used as low as
20 degrees F.

Anything below that temperature is impractical.

Concrete workers get fatigued in colder
temperatures and the lines in the concrete trucks
and pumps freeze

How cold can it be?



Important Points
• Keep the design method simple

• Not all non-chlorides accelerators can make
freeze resistant concrete

• Work closely with the  concrete contractor,
ready mix producer & admixture supplier

• A preplanning meeting is a must



Mix Requirements
• 600 lb. Type 1 Cement
• 6% Air
• 50-90oz. / cwt minimum of Freeze Resistant

Admixture or as per manufacturer’s
recommendation

• To prevent the ingress of moisture
– Cover with visqueen or insulated blankets
– Apply solvent based cure and seal



Ways to ensure a successful placement

• Dosage Charts from the Admixture
Manufacturer

• Use Proven Concrete Mixes

• Trial Placement (using project specific
admixtures)

• Preplacement meeting (different from a
project pre-concrete meeting)

Due Diligence



Metal Deck Placements

Most Common
Application For Freeze
Resistant Concrete



An Example:





HUDSON LIGHTS FORT LEE NJ



When concrete
placement and finishing
is in
sub-freezing
temperatures and there
is no accessibility for
external heat, then the
use of freeze resistant
concrete admixtures
becomes the only
choice.



COST COMPARISON
FOR ELEVATED SLABS ON METAL DECK

FREEZE RESISTANT CONCRETE
(3,220 CY)

HEATING AND TARPING
(167,000 SF)

$120,400.00 $501,000.00







GUIDE TO COLD WEATHER
CONCRETING ACI 306R-16

* The word “required”
is now changed to
“recommended.”



6.2 Massive metallic embedments
Most embedments, including bars, do not need to be heated
unless the air temperature is below 100 F. Embedments with
a cross-sectional area greater than 4 in2 should be heated to
above 320deg F. Reinforcing bars smaller than no. 18 in size
are  not considered massive embedments.

Preparation Before Concreting



Chapter 6
6.3 Subgrade Condition – In accordance with ACI
302, slabs should not be placed on frozen base or
subgrade….

Limit surface temperatures of supporting materials
beneath slabs on ground and the concrete to a
temperature differential of less than 200 F to avoid
any inconsistent setting, rapid moisture loss,
delaminations and plastic shrinkage cracking.



Concrete elements that do not use construction
supports are those elements that will not be
needed for significant structural performance
during the construction schedule that would
otherwise be delayed by lack of design strength
due to temperatures below 400F.

Chapter 7: Protection against
freezing for concrete not requiring

construction supports



8.2 The use of field cured cylinders is
inappropriate and should not be allowed in cold
weather concreting. This is mainly related to the
difficulty in maintaining the cylinders in any
approximation of the conditions of the structure.
In-place testing, maturity testing, or both should
be used instead.

Chapter 8 - Protection Against
Freezing For Structural Concrete
Requiring Construction Supports



In-place Testing & Maturity
Testing



Concrete
Cylinders at
jobsite.
Ambient
Temperature:  38º F

Curing conditions of
deck: Heated &
Covered, with full
jacketing.

The deck is hot

The cylinders are not



CHAPTER 8: PROTECTION (AGAINST FREEZING)
FOR STRUCTURAL CONCRETE REQUIRING CONSTRUCTION

SUPPORTS. (RETITLED)
• 8.6 Increasing Early Strength added the following bullets

ü Type, amount, and properties of cementitious materials

ü w/cm

ü Reducing the w/cm to increase the 28 day strength, thus increasing the early
strength

ü Increase the volume of cement used in the mixture

ü Increase the use of various supplementary cementitious materials to increase
early-age strength development.

ü SCM’s

Fly ash
(Class C)

Fly ash
(Class F)

Slag
Metakaolin

Silica
fume

Calcined
shale



Chapter 10: Curing
Recommendations and Methods

• Measures should be taken to inhibit evaporation
of moisture from concrete. Freshly placed
concrete is vulnerable to freezing when it is
critically saturated. Therefore concrete should be
allowed to undergo some drying before being
exposed to temperatures below 320 F

• 10.2 If the relative humidity is less than 40% inside
the enclosure, it is necessary to add moisture to
the air to maintain at least 40% relative humidity,
and inhibit desiccation of the exposed surface.



Prevent Dehydration By Misting



Chapter 11: Acceleration of Setting
and Strength Development

11.2.2 – Calcium Chloride

The amount of water soluble chloride ion
should consider all other sources of chlorides
ions in the concrete mixture. ACI 318 and ACI
332 provides the maximum water-soluble
chloride ion content based on exposure class.





COLD WEATHER CONCRETING PLAN
1. Contingencies

a. For equipment failure
b. Abrupt changes in weather



COLD WEATHER CONCRETING PLAN
1. Curing

a. Insulating blankets, leave forms in place, curing
compounds

2. Temperature Monitoring
a. From plant to point of placement
b. In place testing
c. Frequency and location of T monitors
d. Rate of T decrease to minimize thermal cracking



COLD WEATHER CONCRETING PLAN



COLD WEATHER CONCRETING PLAN
1. Transportation & Placement

1. Schedule deliveries to minimize truck waiting times

2. Tie temperature measurements to action if temps
drop below allowable minimum

3. Means for thawing, heating or insulating subgrade
and forms

2. Protection (Different for different temp ranges)

1. Blankets, enclosures (lumber, plastic sheeting,
vents, hardware), means of heating (vents, fuel)



PRE-PLACEMENT MEETING
1. Timing – Not the day before

2. Goals of the meeting

a)Clear – expectations and goals

b)Clear – process and procedures.

3.   This is Contractor’s Day.

4.   Specification overview

a)Have the difficult conversation!



PRE-PLACEMENT MEETING
Attendees

a. Owner

b. Design Engineer

c. General Contractor – Supt or PM

d. Concrete Supplier

e. Testing Agency

f. Foreman / Superintendent – All concrete trades

g. Other Suppliers – Pump, admix, fiber, etc.

** Accurate minutes to be
distributed within 5 days
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