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CURING OF PORTLAND CEMENT CONCRETE
1. GENERAL

The term “curing' of concrete deals with the processes or methods
of care and attendance to promote and aid the hydratiom of the cement
in concrete. There has been much research and many papers have been
written on this subject., A large number of English references on the
curing of concrete have been reviewed and a general discussion concern-
ing the chemical and physical aspects of curing concrete is presented
with the objective of determining how concrete may best be cured, how
much curing is needed and when curing should be initiated. Unfortu-
nately there is no simple straightforward answer to these questions,
but when the basic chemical and physical aspects of curing concrete are
understood, more definite practical recommendations can be made for
specific situations. In general, the subject of curing of concrete
should concern itself with everything that happens to a batch of con-
crete from the time the mixing water is added since the physico-chemi-

cal process of hydrating cement begin at this time.
I11. PHYSICO-CHEMICAL ASPECIS OF CURING
Important Chemical Compounds

Blanks and Kenmedy ( )* define Portland cement as the product obe
tained by pulverizing clinker comsisting essentially of hydraulic calcium

silicates and aluminates. These finely pulverized calcium silicates and

* Numbers in parenthesis refer to corresponding items in the Bib-
liography.



sluminates are highly reactive end combine readily with water to form a
paste, which in 2 matter of time hardens to form a strong, dense, arti-
ficial stone. Conecrete, of course, is a conglomerate stome composed

of aggregate bonded together by the hardemed paste. This hardening pro-
cess of the paste is a highly complex chemicel reaction which depends on
moisture, heat, time and the qualitative and quantitative chemical com-
position of the cement. The exact nature of these reactions and the
composition of the hydrated compounds is very controversial; however, a
brief summary of the present comsensus of opinion is given below. The
most significant compounds in cement which affect its stremgth properties

after hardeming are tricalcium silicate (3Ca0 . 31n2). dicalcium silicate

(220 . 5103) and tricaleium aluminate (3C20 . Aly0,).

At present there are two theories which describe the "setting” and
hardening of portland cement. The first is the crystalline theory and
ascribes the development of stremgth to the growth of interlocking cry-
stals. The second and more popular theory considers the cement paste
to be a supersaturated solutiom of hydrated compounds which eventually
coagulates to form an amorphous mass called gel. It is generally agreed,
that both of these theories apply to portland cement. Under normal curing
at air temperature the early strength and "final set" of cement is usually
attributed to the crystalline products of hydrated tricalcium aluminate
(320 . A1203). The continual stremgth gain and the greater portiom of
strength is usually attributed to the formation of amorphous hydrates
by the tricalecium and dicaleium silicetes (3Ca0 . 510, and 2Ca0 . 810,

respectively) in accordance with the gel theory.
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Hydration and Hydrolysis

When water is first added to portland cement the tricalcium alumi-

- nates (3Ca0 . Al203) and silicates (3Ca0 . sxoz) begin to react immedi-
ately. The tricalcium silicate breaks down (hydrolyzes) to form more
dicalcium silicate (2Ca0 . stoz) and relesses calcium hydroxide Ca(OH)2
which dissolves in the uncombined or free water. When this solution be-
comes supersaturated, the calcium hydroxide begins to precipitate out as
crystals and this builds up a semi-ridge crystalline structure vhich
causes the "initial set" of concrete. During this same period of time
the tricalcium aluminate is alsc hydrating and forming aluminate cry-
stals which build up more gradually (if properly retarded by gypsum,
CaS0, . 2H,0) to produce the "final set” in the cement.

After the initial and finsl set the rate of reaction in the cement
is slowed down. However, the dicalcium silicate originally present in
the cement and that resulting from the hydrolysis of the tricalcium
silicates continues to combine with water to form amorphous compounds.
These amorphous compounds form a supersaturated solution in the water-
filled voids of the capillaries and eventually coagulate to form a mass
called gel. This gel is usually comsidered to account for the greater

portion of concrete strength.
Exposure Conditions

As in any chemical reaction, the conditions of the atmosphere in
which the reaction is taking place has an extremely important influence

on the final chemical product. The most important variables here are the
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moisture and temperature conditioms, From the preceding discussion it
can be seen that water is necessary for the curing (hydration) of the
cement. As soon as the cement is deprived of a certain amount of its
water no further significant hardening of the paste can be realized (see
Figure 1). Concrete can be rejuvenated by re-saturating it with water,
but this is usually extremely difficult (if not impossible) to accome
plish, T. C. Powers ( ) indicates that the minimum amount of water
required to bring cement to its ultimate degree of hydration is about
0,44 grams of water per gram of cement, plus the curing water that must
be added to keep the paste saturated, For meximum hydration concrete
must be kept saturated because hydration products can only form in the
water-filled capillaries in the paste. Simply sealing concrete against
evaporation { as in membrame curing) will not assure full hydration
since cement paste is self-desiccating, thet is, it uses up some of
the capillary water and this must be replaced for maximum hydration.
Even storing samples in water vapor will not sssure maximum hydrationm,
because some water will usually evaporate even under these counditions
and certain capillaries will become emptied. Several common conditions
which can cause concrete to be deprived of its capillary water are as
follows:
(1.) Self-desiccation of cement paste sealed against evaporation
(as in membrane curing).
(2.) DNormal evaporation at room temperature when exposed to dry
or even moist air.
(3.) Evaporation or boiling when exposed to high temperatures
andfor low pressures (as in improperly controlled steam
“d»
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curing, see Figure 2).

(4.) Freezing of the water in the concrete.

Once hydration is completed Carlson ( ) points out that water is no
longer needed, however the strength of concrete will be reduced by dry-
ing because of internal stresses produced in the gel by its shrinkage
while the other comstituents do not shrink.

The temperature of the atmosphere has a significant influence on
the rate of the cement reaction. Nurse ( ) and Bergstrom ( ) indi-
cate that the amount of hydration is a functiou of the product of the
curing temperature times the exposure time (usually expressed in degree~-
hours). The curing temperature can influence the seguence in which the
chemical products are formed as well as their character, and consequently
the final structure of the crystalline-gel mass is affected, As an ex-
ample, Blanks and Kemmedy ( ) point out that when concrete is exposed
to high temperatures during the first 24 hours, (such as in steam curing)
the hydrated tricalcium silicates (3Ca0 . 85i0,) also form crystalline
products which supplement those of the tricalcium aluminate and it too
contributes to the early strength and setting of the cement. This effect
of temperature on the structure of the crystalline-gel mass can explain
to some extent why the mechanical properties of concrete cured at high
temperatures will never be the same as those of concrete cured at room
temperatures even after both have achieved complete hydration chemically
speaking. This point is further illustrated by the findings of steanm
curing resesrchers such as Price ( ) and Shideler and Chamberlin ( )
who concluded that while steam curing accelerated the early strength

development in concrete it usually had an adverse effect upon the
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compressive strength at 28 days when compared with specimens continously
fog cured (see Figures 9 and 10).

As a conclusion to this brief discussion of the physico-chemical
aspects of curing concrete, it can be said that explanations to some of
the apparent disagreements in the test results of various investigators
of concrete and in the concrete construction experiences of various
engineers often lies in the variable structure of the crystalline-gel
mass as affected by different cements (chemically), different tempera-
ture and moisture conditions of curing, and different mixing tempera-

tures.
III. IMPORTANT PHYSICAL PROPERTIES OF CEMENT PASTE, AGGREGATE AND CONCRETE

Two of the most obvious deficiencies of improperly cured concrete
are usually inedequate strength (compressive and temsile) and durability.
The durability of concrete depends upon its ability to resist chemical
attack and to a large extent its temsile strength, since mechanical
deterioration is a process of cracking and spalling resulting from ten=-
sile stresses and cracks induced by heating and cooling, freezing and
thawing, wetting and drying, abrasion, etc. Consequently, it is desir-
able at this point to consider certain of the contrasting incompatible
physical properties of cement paste and aggregate which combine to make

up the properties of concrete.



The following table compares some typical values as follows:

8iliceous Aggregate Cement Paste Concrete 28

Particles 28 day,w/c=.5 day w/ec=.5
Compressive Str., psi 30,000 5,000 3,000
Tensile Str., pei 3,000 550 275
Modulus of Elasticity, psi 12,000,000 2,000,000 4,500,000
Drying Shrinkage, in/in 0.0000(mil) 0.00600 0.00060
Coef. of Expansion, in/in-°F 0.0000061 0.0000065 0.0000065

Of particular interest are the relatively low temsile strength and the
relatively large shrinkage value for the cement paste and the concrete

as a whole, Both the compressive and temsile strength of the cement
paste are a direct fumctiom of the curing which is dependent upon moisture,
temperature and time. Anything that will induce temsile stresses in the
cement paste (particularly at early ages), will usually produce severe
eracking in the paste and concrete. Blakey and Beresford ( ) have
classified some of these cracks as follows: (1) prehardening cracks
caused by settlement of the plastic cement paste around rigid obstacles
such as reinforcing bars or large pieces of aggregate, (2) shrinkage
c¢racks in the matrix caused by the embedded rigid particles of aggregate
and reinforcing which resist or restrain the shrinkage of and produce
tensile stresses in the cement paste, (3) cracking due to externmally
applied load, and (4) shrinkage cracks caused by temsile stresses on

the surface of concrete when the surface begins to dry and shrink while
the interior concrete remains moist and dimensionally constant. In addi-
tion to these, rapid cooling of the exposed surface of "green'" concrete
causes it to contract while the warm interior remains expanded or of
constant dimension and this too induces tensile stresses and sometimes

cracks in the surface.



IV, PLACING AND FINISHING CONCRETE

Placing and finishing of concrete are two operations which have an
extremely important effect on the final quality of portland cement con-
crete, Some of the gignificant factors in these initial curing opera-
tions are the temperature, timing and procedures used in placing and
finishing., Klieger ( ) concluded that there is a temperature during
the early life of concrete (including mixing, placing, and finishing)
which may be considered optimum with regard to strength at later ages
(see Figures 3 thru 6). He found that the 1, 3 and 7 day strengths in-
crease with an increase in initial and curing temperature, however, lower
strengths resulted at 3 months and 1 year. On the other hand, comcrete
placed and cured at low temperatures (as low as 25° F.) while showing
lower strengths at early ages, show greater strengths at later ages. It
can also be seen from Figures 3 and 4 that low mixing and placing tempera-
tures allow lower water-cement ratios to be used. These conclusiomns
were further substantiated by Timms and Withey ( ) and Price ( ) (see
Figure 7).

Swayze ( ) found that the timing and method of finishing had a
pronounced effect on the durabuiiy of concrete. The concrete should be
well consolidated vhen placed and the final finishing should be delayed
as long as is practicable. Blakey and Beresford ( ) found that re~
trowelling concrete would heal prehardening cracks caused by settlement
of the plastic cement matrix around rigid obstacles such as reinforcing
steel and sggregate. Beresford and Mattison ( ) point out that this
settlement and corresponding cracking may take up to 70 minutes (depend-
ing on mix), which suggests that trowelling or re-trowelling should be

-10-
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delayed at least this long. Vollick ( ) found that revibrating concrete
1 to 2 hours after placing increased the compressive strength an average
of 13.8 percent, He further observed that revibration increases bleeding
and improved the comcrete's appearance which, along with the increased
strength, suggest improved durability. Vollick also states that the de-
lay period between placement and revibration of concrete that is necessary
to increase strength can be increased and is less critical if a "set re-

tarder” is used.

V. CURING METHODS

This section deals with the processes or methods of care and atten-
dance to promote and aid the hydration of the cement in concrete. Basi-
cally, the practical objective of all these methods is to see that the
concrete remains wet or moist for a given period of time (the amount of

time depending upon the temperature and degree of hydretion desired).

Water Curing

Powers ( ) points out that the best way to cure comcrete for maxi-
mum hydration is to keep it completely saturated with water. To accom-
plish this in the field the relatively old methods of "ponding", wet
sand and spraying are the most effective.

Ponding is very effective for curing flat slabs with a large level
exposed surface area. The ususl procedure is to bulld up 2 small levee
of earth, two or more inches high, around the edge of the slab and
then fill the enclosed "pond" with water which completely covers the con-
crete surface. This procedure should be initiated immediately after the

- 16 =



concrete has obtained its final set (about 6 to 10 hours sfter pouring).
The main disadvantage of this method is that a comnsiderable supply of
curing water is required initially and to maintain the pond for a week
or two since evaporation losses can be sizeable,

Sprinlers and sprays are effective for almost any type concrete
(slabs and structures), since they can be arranged to provide good cover-
age for vafiaus shapes., Here agein the main disadvantage is that a con-
aiﬁefable supply of curing water is required along with the sprinkling
system of nozzles, pipes, storage tanks, etc. Very often canvas tents
or covers are used with sﬁxinklara and sprays to break up wind currents
and raﬁﬁce evaporation of the water.

Particular care must be takem to keep the concrete wet continuously.
It has been found that intermittent wetting, or wetting and drying, at

early ages is often more dawmaging thamn no curing at all, -

Protective Covers
One of the most coumon curing methods used today is protective
covers such as buriap mats, canvas, coitton mats, paper, straw, earth and
coconut mats, <Thase covers serve to protect the concrete surfact from
air currents, hold absorbed water and reduce evaporation from the con-
crete surfece, The most effective and usually preferred of these agents
are burlap, cotton and camves mats. Very often these mats. Very often
these mats are used for the first few days and then are replaced by dawp
earth and straw covers. In any case, to be effective these covers mpust

be kept continuously wet by hand or mechanically sprinkle< with water.
Of all these devices the heavy weight waterproof building paper is
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probably the least effective sine it does not absorb and hold water
itself, but only reduces evaporation by protecting the concrete from
direct exposure to wind, sun and atmospheric conditioms. However

field results using sisaldraft paper with sealed lapped jointe and
using polyethylene plastic sheets with lapped joints for 14-21 days
have been found to give curing equal to 5-7 days of water curing. In
any case the protective covers which are used should be placed on the
concrete as soon as the surface becomes hard enough to resist damage.
Usually this is after the initial set or about 3 to 5 hours after pour-

Lﬂgﬁ

Membrane Seals

The object of membrane curing is to seal the exposed gsurface of
concrete with an impervious membrane of plastic, oil, asphalt, etc. in
order to prevent the evaporation of the water which is necessary for the
hydration of the cement. In addition, the membranes often have a white
or light color so they will reflect a considerable amount of heat from
the sun which keeps the concrete at a cooler and more favorable curing
temperature.

Presh concrete usually has enough water for hydration of the cement,
however additional water must be supplied for low water-cement ratio
concrete 1f it is desired to hydrate a maximum amount of the cement since
the cement paste is self-desiccating ( ) and the amorphous hydration
products can only form in the water filled capillaries. When most mem-
brane seals are applied to comerete it is usually not possible to add

additional curing water, comsequently, this curing method will ususlly
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not produce the maximum degree of hydration, However, when membrane
curing procedures are compared to other "field" curing methods this dis-
advantage does not seem to be apparent for Anon ( ) and Waters ( )
found membrane curing improved concrete compressive strergths when com-
pared to wet-burlap and wet-hay curing respectively. The Bureau of Re-
clamation ( ) found that several of the compounds compared favorably
with 14 day water curing.

Asphalt cut-back and emulsions have been sprayed on fresh concrete
surfaces to seal in moisture since about 1928. Meissner and Smith ( )
found that while bituminous coating are effective curing agents they
also disfigure the concrete and sbsorb heat due to the dark color. Gomner-
man ( ) also noted the undesirable heat absorption which caused a greater
daily temperature variation in the concrete and consequently greater
volume change. It was found that this problem could be overcome by
applying whitewash, stome dust, or other light colored substances
to change the color of the black surface.

Coal tar and paraffin can also be applied in the form of cut-backs
or emulsions to make a membrame seal. In addition to these, numerous
other liquid membrane curing compounds are now appearing on the market.
These compounds may contain a white, red or other color of pigment. The
white pigmented compounds are effective in reflecting heat and reducing
the range of temperature variation in the concrete. All of the colors
make visual imspection for complete coverage easier. Waterproof paper
and plastic sheets have also been found effective in sealing concrete.
The results of Jagus and Sethi ( ) indicated that a solid plastic film

was superior to other types.
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Irrespective of the type membrane used, the general consensus of
opinion as to the proper time of application of the membrane is fairly
well summarized by Tremper ( ). He concluded that evaporation of
water is beneficial during the period that the concrete is plastic and
is bleeding due to the settlement of the solid particles. This period
can last from 1 to 3 hours after pouring, depending upon the mix design
and other conditions, However, at the conclusion of this period, further
loss of water should be prevented to keep from impairing the quality of
the concrete. 1In gemeral, if the curing treatment is not applied by

about 7 hours after pouring its value is largely lost,.

Steam Curing

The use of steam heat to accelerate the hydration of cement in comn-
crete has been used effectively for a number of years. Steam is parti-
cularly advantageous because high temperatures and favorable moisture
conditions are easily produced. In gemeral, steam curing can be sepa-
rated into two classifications, first, steam curing at stmospheric pres-
sures where-by temperatures up to 212° P can be obtained while still
maintaining a saturated water vapor exposure condition. If greater
acceleration of hydration is desired, higher temperatures and favorable
molsture conditions can be obtained by high pressure steam curing. As
the temperature is increased sbove 2120 F the exposure pressure must
also be increased to prevent the vital curing water from evaporating
or boiling from the concrete. Figure 2 shows the temperature of satu-
rated water vapor corresponding to the required gage pressure.

Atmospheric Pressure. Nurse ( ) reports that the best and most
commonly used process of steam curing at atmospheric pressure is to



inject steam into the curing chamber with nozzles. The sudden lowering
of temperature as the steam enters the chamber will always produce over-
saturation of the air, and consequently, condensation will take place
on the cocler concrete members. This has been found to be a2 very effec~
tive means of transferring heat evenly to the concrete.

Price { ) found that concrete strengths at later ages are weak-
ended by very rapid setting produced by high temperatures (Figure 7).
Shideler and Chamberlin observed a similar phenomenon (see Figure &) and
recommended a delay of from two {0 six hours before commencing with
steam curing. On the other hand, 1f onlyhigh strengths at early ages
are to be consiceved, Nurse ( ) illustrated that this waiting period
is not necessary {see Teble 1).

It has been found that the time taken to increase the concrete tem=~
perature from room temperature to the desired curing temperature has a
definite effect on the strength of the final product. Saul ( ) found
that wvhen the time to railse the temperature to 952 C was 6 hours or more,

the 28 day strengths of steam cured specimens approached those of woist
cured concrete, On the other hand, when the time was less than 2 hours

the strength was reduced by about 25%. Data taken by other researchers
( ) indicate that & rate of temperature rise of 120° §L§67° C) per
hour reduced the 28 days strength of steam cured concrete by about 35%
vhen compared to moist cured comecrete. A rate of temperature rise of
40° ¥ (ZZD €) per hour produced stremgths approaching those of moist
cured concrete. There is evidence ( ) that a2 high rate of tempera-
ture rise (120° F per hour or more) and high steam curing temperatures
(over 185° ¥) may actually cause a retrogression in stremgth at later

ages.,
w3l e
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Research at Texas A, and M, College for four graduate theses ( )
indicate an initlal holding time of 2-7 hours before application of
steam; a rate of temperature rise not to exceed 60° per hour; a maxi-
mum temperature of 165°-185° F; 2 meximum of 24 hours exposure to the
maximum temperature; and cooling at ambient temperatures give high
early strength without retrogression at later ages using Type I cement
and natural, non-reactive aggregates. Concrete cured under the most
severe of these conditions does not continue to gain strength when re-
moved from the curing chamber. The rate of temperature rise and the
initial holding time appear to be the most critical variables. A very
rapid rate of temperature rise actually causes retrogression in
strength at later ages. The initial holding time should approximate
the time of initisl set and should not be delayed beyond the final
set.

High Pressure. Concrete cured at temperatures above 212° F is
outside the range of practicality for highvay members and large build-
ing members at the present time due to economic reasons, However, on
the basis of the data in this temperaturs range that was examined, it
seems that the general principles which apply to the effect of tempera-
ture on moist cured and steam cured concrete at atmospheric pressures
will apply here up to some unknown point. The unknown point being a
temperature at which the chemical products of cement hydration change
drastically. One of the disadvantages of high pressure steam curing
is the costly curing pressure chamber required, however after the cycle
of steam curing is completed the chamber can be used as a heated dry-

ing oven to hasten drying shrinkage of the concrete members so that they
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will be more dimensionally stable. This is true even for members that
will be exposed to moisture, because the second, third, etc., expan~-
sion and shrinking cycles due to alternate wetting and drying periods
were cshown by Pickett ( ) to be much less than the initizl shrinkage.
This procedure is often used on concrete blocks but severe cracking will

probably result if applied to large unstressed members.

Chemical Agents
Certain chenicals are often added to concrete to either accelerate
or retard the setting =nd curing.

Accelerators. Chemicals known to accelerate the reaction of ce-

ments are calcium chloride, soluble carbonates, silicates, aluminous
cements and certain organic compounds. Calcium chloride is the most
convenient end commonly used accelerator. 8Sodium silicate (sometimes
called silicate of soda and “"water glass") hes also received consider-
able use. At the present time there‘is inadequate information available
concerning the effect of chemical accelerators, other than calcium
chloride, on concrete,.

Price ( ) found that at temperatures around 409 F the strength
of concrete was improved at ell eges by adding calcium chloride (CaCl,).
The strength improved as the amount of calcium chloride increased,
for the proportions included in the scope of this study. His data
indicated, however, that there is little advantage in using more than
3 percent (by weight of cement) as there was very little increase in
strength reslized by increasing the amount of calcium chloride from

2 percent to 3 percent. As the placing temperature increased the



percentage of calclum chloride should be decreased for optimum results.
Further conclusions were that less than % percent usually retards sets,
however, it reacts differently with different cements.

Figures 11 and 12 show some of the results of Klieger ( ).

Thece figures indicate that at low placing and curing temperatures
caleiunm chloride produces a proportionally greater increase in strength
than at high temperatures. For both flexural and compressive strengths,
the increases caused by calcium chloride decreased with an increase in
age. At later ages the compressive strength was always equal to or
greater than those for comcrete without calcium chloride, Later-age
flexural stréngths, on the other hand, were reduced by as much as

10 percent when calcium chloride was used. The beneficial effects

of the accelerator for the low temperature curing early-age concretes
are relatively more importaat than the small detrimentsl decreases in
flexural strength at later ages.

Clemmer ( ) found that lower water-cement ratios can be used
because calcium chloride increases the workability of cencrete. Voll-
mer ( ) arrived at substantially tha same conclusions even when the
accelerator was used with vinsol resin as an air eantraining agent.

Other notable effects of calcium chloride was that it decreases
bleeding, increases the rate of heat evolution at early ages, lowers
freezing point of comcrete slightly, and lowers resistance of concrete
to sulfate attack.

Data collected by Rapp ( ) and Sloane, McCoughy, Foster, Wilder
snd Shreve ( ) indicates that calcium chloride accelerates the hydta-

tion of dicalcium silicate (anp " 8192) and tetracalcium ferro-aluminate









(4Cal . A1203 . Fe203). It appears to have little effect on trical-
cium silicate (3Cal. 8102) and a retarding influence on the hydration
of tricalcium aluminate (3Ca0 . A1203). Rapp reported that the ac-
celerator decreased the time of set of 11 commercial cements and in-
creased the flow and strength of the resulting concretes at ages up

to 90 days.

Sodium silicate can also be used as a concrete curing agent. The
solution of sodium silicate is usually applied to the surface of fresh
concrete as soon as possible after pouring. Remler ( ) found that
it reacts with free lime and forms a hard insoluble calcium silicate
on the surface of the concrete. This compound acts as a sealing mem~
brane which prevents evaporation of the necessary curing water. In
addition to sealing in the water the imsoluble calecium silicate will
harden the concrete surface considerably.

Retarders. The principle uses of retarders in ordinary concrete
are to counteract the set-accelerating effect of high temperature
during hot weather, to prevent the tendency of some cements to false
set, and to delay stiffening of concrete for difficult and time con-
suming conditions of placing. Gypsum (63804 . 2 bi) is the most
widely used set retarder and s long standing practice of the cement
industry is to add gypsum as an integral part of portlamnd cement to
control the time of set. The tricalcium aluminate (3C,0 . A1203)
constituent in cement will react very rapidly with water (when unre-

tarded) and produce calcium aluminate crystals which build up a rigid

crystalline structure causing an undesirable quick set. OGypsum slows
when

up this reaction because/it is dissolved in the ¥2teT the
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solubility of the tricalcium aluminate is greatly reduced and, comn-
sequently, the quick set is prevented,

A wide variety of commercial chemicals and formulations are proposed
to have a retarding effect on the setting time of cement. Unless ex-
perience has been had with a particular retarder its use should not be
attempted without competent technical advice or preferably advanced
experiments to determine its effect on the setting time and other pro-
perties of a given concrete mix.

Water Reducers. Following are selected excerpts from a summary
by Bruce Poster of an A,8,T.M. symposium, EFFECT OF WATER-REDUCING
AND SET-RETARDING ADMIXTURES ON PROPERTIES OF CONCRETE:

"Water reducing admixturesS...........classified into four
categories:

"(1) Lignosulphonic acids and their salts, (2) modifica-
tions are derivatives of lignosulphonic acids and their salts,
(3) hydroxylated carboxylic acids and their salts. In each
of these, the primary component has both water-reducing and
set-ratarding properties. These may be modified by the addi-
tion of other components to give various degrees of retarda-
tion, no appréciable change in'setting time or accelerationm,
while at the same time preserving water-reducing properties,

"The admixtures discussed in the symposium are surface
active chemicazls whose anions and molecules are adsorbed on
the cement grains, giving them & negative charge. The
presence of the adsorbate, and the charge, was pictured as
resulting in (a) a reduction of the interfacial temsion,

(b) an increase in the elector-kinetic potential, and (c) a
protective sheath of oriented water dipoles around each ce-
ment particle. The resulting reduction in natural flocculating
tendency of the cement particles then leaves them with in-
creased mobility, and the water freed from the restraining
influence of ahighly flocculated system becomes available to
lubricate the mix. Less water is required, therefore, for

a given consistency.”

The effect of commercially available admixtures is to reduce the mix-

ing water requirement from 5 to 15 percent depending upon a
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number of varisbles, The better admixes reduce the water require-
ment from 10-15 percent with nominal amounts of entrained air with

a resulting increase in strength of 15-30 percent.
VI. CURING PERIOD

The length of time that concrete should be subjected to artifi-
cial curing procedures is highly controversial. While most engineers
are trying to spced up or cut short the formal curing period for
various economic reasons, they are also interested in obtaining a
high quality material. In general there are two aspects to this prob-
lem. First, what is the optimum length of curing time desirable to
obtain the highest percent of potential concrete strength consistent
with maximum economy of cement and time? Secondly, at vwhat age
should concrete be subjected to design loads? This second aspect re-
fers to the time required to develop certain strength properties after
the formsl curing period has been discomtinued. This can usually be
resolved for average conditions using laboratory results to predict
strengths at later ages.

The first aspect, however, concerning the optimum length of
curing time consistent with maximum economy considering both quantity
of cement and time required is more involved. In Figure 1, Price
illustrates the effect ofverious periods of preliminary moist curiﬁg
on the comprehensive strength of concrete. If the relative values
from this figure at 180 days of age are taken and plotted opposite the
moist curing period, the effect of the length of moist curing period

on the development of the potential compressive strength of the given
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concrete batch is more clearly revealed (see Figure 13). The curves
for Type I and III cements on Figure 13 were estimated by using infor-
mation from the Portland Cement Association {( ) and others. This
figure indicates that under these conditions concrete made with Type III
cement will obtain 90 percent of its practical strength potential with
only 5 days of moist curing. (Note: it may take 28 days to achieve
this strength, but only 5 days of moist curing). It is in Pigure 13
will be affected by the size and shape of the concrete specimen (or
member), and the temperature and humnidity conditions of exposure both
during and after the curing period. Higher temperatures will reduce
the amount of curing time required to reach a given percentage of the
potential strength but it will also decrease the potemtial. Lower
temperatures will increase the curing time required to reach a given
percentage of the potential and will also increase the potential. Ex-
posure of the concrete to lower relative humidities after removal
from the moist room will lower all of the curves in Figure 13. The
specimens would dry out more rapidly and reach a lower percent of
their potential stremgth capacity. Thus, a longer curing period
would be required. A smaller size specimen (or member) will require
more moist curing to obtain a given percent of stremngth potential for
the same reason; it would dry out more rapidly than a larger ome. It
is interesting to note here that if the specimens (or members)are
treated with a membrane seal after the moist curing period the effect
of the size of specimen and relative humidity of later exposure largely

eliminated,
-3 =



VII. CORCLUSIONS

1. The mixing, placing and curing temperature have a great effect
upon the strength properties of concrete. Low mixing and placing tem-
peratures in the neighborhood of 40° F give the greatest potential
ultimate strengths. Low curing temperatures give high potential
ultimate strengths but high curing temperatures give high early strengths
with small sacrifices in the potential ultimate strength. The streangth
sacrifice in summer work can be greatly alleviated with a cement dis-
persing, set retarding admix.

2, It is recommended that concrete temperatures at the time of
mixing and placing be controlled between 40° and 90° F¥.

3. Chemical admixes for modifying the properties of the concrete
are commercially available as quality controlled products to produce
a set retarding effect for summer concrete work, a set and strength
accelerator for winter comcrete work,; cement dispersion (sometimes
called water reducers, or wetting agents), air entrainment etc.

Summer concrete work should require the use of a cement dispers-
ing, set retarding admix for best results. Benefits can be gained
at temperatures above 70° F and the admix is needed at temperatures
above about 80-85° F. A.8.T.M. committee C~9, is working on a new
method of test A.§.T.M.: C403-T "Tentative Method of Test for Time
of Setting of Concrete Mixtures by Proctor Penmetration Resistance
Needles'" which gives a reasonable method of determining the relative
set retarding effect of varilous admixtures

Winter concrete work may require the use of an accelerator.

- 36 =



Calcium chloride is the most effective chemical available for this
purpose. It accelerates the stremngth gain but does not provide an
anti-freeze action. It is not recommended for use in steam curing
or prestressed concrete work.

Entrained air up to about 5 percent for conventional concrete
and 7-8 percent for lightweight concrete increases workability, de-
creases the water requirement and increases the durability of the
concrete with no apparent harmful effects.

4. The commonly uséd curing methods can be ranmked according
to their ability to develop maximum concrete strengths when pro-
perly used as follows:

(1) Water curing

(2) Damp curing under protective covers such as burlap, can-
vas ete.,

(3) Membrane seals to hold in moisture.Certaln economic and/or
field conditions may make a less ideal method of curing
more desirable. For instance & lack of water, a remote-~
ness of the job from water, vertical surfaces or other
economic considerations may dictate the use of liquid or
s80lid membranes.

Liquid membranes with white pigment added are wore desir-
able than clear or dark colored membranes for curing pave~-
ments end bridge slabs in the summer months due to the good
heat reflecting properties of these materials. Reduction in

maximum concrete temperatures of 20-30° ¥ have been re-

ported.



5. Rapid cooling and/or drying of concrete are particularly
detrimental to the concrete quality and may produce severe surface
cracking, Large concrete members and large concrete surfaces are
more vulnerable to this damage than smaller omnes.

6. Revibration of concrete near the time of initial set and
delayed inal finishing may increase the strength as much as 10«15 per~
cent, it will increase the durability and correct early plastic crack-
ing due to settlement etc.

7. Steam curing at atmospheric pressure can be especially bene~
ficial to early strengths at some sacrifice to later stremgths.
Variables that should be c#ntrolled are the holding time before apply~
ing steam, the rate of temperature rise, the maximum temperature, the

length of curing at maximum temperature and the rate of coeling.
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