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Concrete Information for the

Owner, Designer, Contractor and Producer

Placing, finishing, and curing concrete in hot weather requires extra
care and a little extra planning. Hot weather issues encountered in
plastic concrete include increased water demand, increased rate of

—| slump loss, increased concrete temperature, shortened setting time,

and possible increased plastic shrinkage and craze cracking. Issues
encountered in hardened concrete include lower strengths, increased
potential for uncontrolled cracking, and decreased durability.

When the temperature of freshly mixed concrete starts to exceed 77°
F, precautions to ensure a quality finished product should be imple-
mented. As a general rule of thumb an increase in the concrete tem-
perature by 20° F will reduce the setting time of a concrete mixture by
as much as 50 percent. As an example, a concrete mixture that typi-
cally reaches final set in six hours at 60° F may actually reach final set
in as little as three hours at 80° F. The first steps in controlling con-
crete temperature are taken at the batch plant, including, but not lim-
ited to; using a mix that has performed properly in hot weather, using
chilled water or ice, shading and wetting aggregate stockpiles, incorpo-
rating supplementary cementitious materials, and using a retarding
admixture. Precautions such as these should be planned in advance
with the contractor to counter the effects of high temperatures.

Precautions for the contractor dealing with plastic concrete issues
should include; having the forms set and ready for placement, moisten-
ing the subgrade prior to placement, providing sufficient labor to mini-
mize the time required to place and finish the concrete, erecting tempo-
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WHAT is Hot Weather?

Hot weather, as defined by ACI 305R, is any
combination of the following conditions that tends to
impair the quality of freshly mixed or hardened
concrete by accelerating the rate of moisture loss and
rate of cement hydration, or otherwise causing
detrimental results:

e High ambient temperature

e High concrete temperature

e Low relative humidity

e High wind speed, and

e Solar radiation

Hot weather problems are most frequently
encountered in the summer, but the associated
climatic factors of high winds, low relative humidity
and solar radiation can occur at any time, especially
in arid or tropical climates. Hot weather conditions
can produce a rapid rate of evaporation of moisture
from the surface of the newly placed concrete and
accelerated setting time, among other problems.
Generally, high relative humidity tends to reduce the
effects of high temperature.

WHY Consider Hot Weather?
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result in plastic shrinkage before concrete sets or
early-age drying shrinkage cracking. The
evaporation rate removes surface water necessary

for hydration unless proper curing methods are
laviad Th 1
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Hot Weather Concreting

Guidance Documents

ACI 305R-10

Guide to Hot Weather Concreting
Reported by AClI Committee 305

James N. Comell 11
Chair

James M. Aldred Darrell F. Elliot
Godwin Q. Amekuedi Michael Faubel
Philip Brandt Richard D. Gaynor
D. Gene Daniel Antonio J. Guerra
Kirk K. Deadrick Kenneth C. Hover

Environmenial factors, such as high ambient temperature. low humidity,
‘high wind, or both low humidity and high wind. affect concrete properties
and the construction operations of mixing. transporting. and placing of the
concrete materials. This guide provides measures that can be taken 10
minimize the undesirable effects of these environmental factors and reduce
the potential for serious problems.

This g hot weather, di oblanis; and
practices intended to minimize them. These practices include selecting
materials and proportions, precooling ingredients, and batching. Other
topics discussed include length of hai. consideration of concrete temperature
as placed, facilities for handling concrete at the site, and, during the early
curing period. placing and curing techniques, and appropriate testing and
inspection procedures in hot weather conditions.

The materials, processes, quality control measures, and inspections
described in this document should be tested, monitored, or performed as
applicable only by individuals holding the appropriate ACI certifications
or equivalent.

Keywords: air entrainment; cooling: curing: evaporation: high tempera-
tre; hot weather construction; plastic shrinkage: production methods:
retempering; slump tests; water content.
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This reference specification provides requirements for hot weather
concreting that the architect/engineer can apply to any construc-
tion project involving hot weather concreting by citing it in the
project specification. Checklists are provided to assist the architect/
engineer in supplementing the provisions of this reference specifi-
cation as needed by designating or specifying customized project
reqmremenm,

This specification includes hot weather requirements for produc-
tion prep , delivery, pl finishing, bleed- evap-
oration, curing, and concrete protection. Provisions governing a
preplacement conference, concrete mixture proportions, maximum
allowable concrete temperature, rate of surface evaporation

measurements, ?\’H[IO/'aIfOII control measures, and acceptance 0/

a concrete mixture from past field experience or preconstruction
testing are also included.

The materials, processes, quality control measures, and inspec-
tions described in this document should be tested, monitored, or
performed as applicable only by individuals holding the appro-
priate ACI Certifications or equivalent.

Keywords: bleeding; curing; evaporation; finishing; mixture propor-
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Hot Weather Concreting
(ACI 305H.0- Definition)

Gl ye O2YOoOAYlLUAZ2ZY 2F UGUKS F2ff 2
Impair the quality of fresh concrete or hardened concrete by
accelerating the rate of moisture loss and rate of cement
hydration.

I High ambient temperature

I High concrete temperature

I Low relative humidity

I Wind speed
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Effect of Temperature
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The effect of Temperature

Strength vs. Curing Temperature

One-day strength increases with increasing curing temperature, but 28-
day strength decreases with increasing curing temperature .
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Effects of High Temperature
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Hot Weather Concreting

(ACI 305R.0)

What can be done with the mix design?
A Make sure that your concrete supplier knows that

there Is a very good possibility of placement(s)
RdzZNAY3 GKS &1 SIFaG 2F { dz
logistics figured out, not every supplier has a
GYAMYORS Tl OU2NE 2y aAlSE
engineer may want to review any changes to the

design prior to placement, be proactive vs.
reactive.
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Hot Weather Concreting

(ACI 305R.0)

A In terms of the mix design adjustments.

I You may increase the coarse aggregate volume up to
10% with adjusting the W/C down, this can help
overcome some shrinkage potentiaMEVER ADD
MORE WATERIs only exasperates the issue.

I Use of Slump retention admixture (does not affect
hydration or set time whatsoeveny personal
favorite

I Use of Retarders (only affects 2 phases of hydration)
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Hot Weather Concreting

(ACI 305R.0)

A In terms of the mix design adjustments.

I Use of Hydration Stabilizers (affects all 5 phases of
hydration)

i UseofmicreF A0 SNR O0gAff RAAaOdza
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Hot Weather Concreting

(ACI 305RL0)

Other items that can be adjusted via mix design:

A Cement
I Type 2 or Type*4are typically a lower rate of heat of hydration.
I Control of temperature of raw cement delivered to plant

A'asS 2F {/ aQa ocfeée ! aK DD. C
replacement to reduce heat of hydration

A Cool the plastic concrete through the use of ice or liquid
nitrogen** (via the mix or aggregates)

A *Good Luck finding this one!

A **BE VERY CAREFUL with this one, very dangerous and special
permitting is sometimes required.
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Hot Weather Concreting
(ACI 305R.0)

Production Concerns:
A Use materials and mix proportions that have a
good record Iin hot weather conditions

A Reducing Concrete Temperature
A Concrete Consistency

A Transporting, Placing, and Finishing
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Hot Weather Concreting
(ACI 305R.0)
Production Concerns:

A Minimize Moisture Loss of Concrete

A Scheduling Concrete Placements

A Consider the methods to limit moisture loss
during placing and finishing such as sunshades,
wind screens, fogging, and spraying.
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Hot Weather Concreting

(ACI 305R.0)

A To achieve a 1 F decrease in concrete
temperature, cool one or more of its ingredients:

I 8 F reduction in Cement Temperature
I 4 F reduction in Water Temperature
I 2 F Reduction in Aggregate Temperature
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Hot Weather Concreting

Estimating Concrete Temperature

A T =[0.22(TsWst+ TaWa+ TcWo + TwWw+ TwWwa- 112Wi]
[0.22 (Ws Wa+Wo) +Ww + Wi +Wwa)

A T = final temperature of concrete mixture (deg F)
Tc= temperature of cement (deg F)
Ts = temperature of fine aggregate (deg F)
Ta = temperature of coarse aggregate (deg F)
Tw= temperature of added mixing water (deg F)
Wc = weight of cement (Ib)
Ws = weight of fine aggregate (lb)
Wa = weight of coarse aggregate (Ib)
Wwa = mass of free and absorbed moisture in aggregate
Ww = weight of mixing water (Ib)
Wi = weight of ice (Ib)

A Note: The equation was modified. Temperatures and amount of free moisture on the aggregates were not used. The coarse
and fine aggregates are entered separately.
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Hot Weather Concreting

(ACI 305R.0)

Production Concerns:

A Use a concrete consistency that allows rapid
placement and consolidation.

A Mixer Control

A Reduce the time of transporting, placing, and
finishing as possible.
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Hot Weather Concreting

(ACI 305R.0)

Production Concerns:

A Slump Control
I Hold Water
I Set Retarding Admixture
I Slump Retention Admixture
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Hot Weather Concreting

(ACI 305R.0)

Jobsite Considerations: Planning

A Prepare for Ambient Conditiorgvionitor weather to
Increase awareness of potential issues at/during
placement

A Schedule concrete placements to avoid extreme
weather, such as at night or during favorable weather
conditions.

A Assure equipment and placement crew size is adequats
for the job
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Hot Weather Concreting

(ACI 305R.0)

Jobsite Considerations: Planning

A Consolidation Equipment

A Have all curing materials staged and ready for
Immediate use after the concrete has been
placed and finished

A Plan for any incidental work that will need to
be performed (application of a surface
retarder If necessary, joint cutting, etc.)
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Hot Weather Concreting

(ACI 305R.0)
Preparation

A Forms, reinforcing steel, and subgrade should be
fogged or sprinkled with cool water just before
concrete Is placed

A Expedite all elements of the placement (includes
delivery and placement)
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Hot Weather Concreting

(ACI 305R.0)

A Placement and Finishing
A Formed Concrete Shallower layers

A Flatworkc
I Molist subgrade
I Keep operations confined to a small area

I Fog nozzle to cool the air, forms and steel
Immediately ahead of placement

www.pacaweb.org ((,A\)\ p A‘ A www.specifyconcrete.org



Hot Weather Concreting

(ACI 305R.0)
Curing Is Critical 0

A The need for moist curing Moist-cured enfie time
concrete slabs Is greatest

during the first few hours
after finishing

A To prevent the drying of
exposed concrete surfaces
moist curing should
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Hot Weather Concreting

(ACI 305R.0)
Membrane Curing

A Most practical method if moist curing is not an
option

A Use a white pigmented (reflective) compound where
concrete will be exposed to the sun

A Be sure to coat all exposed areas (edges are critical)
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Membrane (spray on)Curing
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Hot Weather Concreting

(ACI 305R.0)

Protecting Concrete in Formwork

A Forms should be covered and kept
continuously moist during the early curing
period

A Form Removat repair and cure
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Hot Weather Concreting

(ACI 305RL0)

Effects

A Drying shrinkage cracking/volume changes

I Caused by the concrete losing its moisture rapidly

i { KNAY1F3SET gKSY O2YOAYSR @Al
Inherent low tensile strength, will cause cracking

I Aggregate content reduces the relative volume of cement

paste and provides an internal restraint that reduces the
magnitude of volume changes in the concreteddsign portio)

I Other contributing factors may include:
A Relative Humidity
A Paste content and/or w/c of the mix

A Size and shape of the membeBhrinkage is greatest at the surface
and there may be moisture gradients created, depending on the ratio
of the surface area to the volume of the member
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Picture of Dry Shrinkage Cracks
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