Lecture No. 20

Subject: Curing of Concrete   

Objectives of Lecture:

· To explain curing of concrete 
Curing Concrete

Curing is the maintenance of a satisfactory moisture content and temperature in concrete during some definite period immediately following placing and finishing

· Maintenance of adequate moisture content and a favorable temperature in concrete through curing is needed to ensure that the degree of hydration is sufficient to reduce the porosity to a level such that the desired properties of concrete can be attained

· The properties of concrete strongly influenced by curing include: strength, durability, water tightness, abrasion resistance, volume stability, and resistance to freezing and thawing and deicer salts 

· Exposed slab surfaces are especially sensitive to curing as the top surface strength development can be reduced significantly due to insufficient curing

Objectives of curing:

Following are the objectives of curing

· To prevent (or replenish) the loss of moisture from concrete

· To maintain a favorable concrete temperature for a definite period of time

Factors affecting curing:

1. Curing period

· Development of strength in concrete depends upon the period for which concrete is moist cured

· As shown in the following figure, at the same age of concrete the strength attained in concrete at a smaller curing period is lower than that for a larger curing period 

2. Interruption in curing

· When moist curing is interrupted, the development of strength continues for a short period and then stops after the concrete’s internal relative humidity drops to about 80 %.

· However, if moist curing is resumed, strength development will be reactivated

· Thus, it is best to moist-cure the concrete continuously from the time it is placed until it has sufficiently gained the desirable properties 

3. Curing temperature

· Curing temperature below 50˚F is unfavorable for the development of early strength; below 40˚F the development of early strength is greatly retarded; and at or below freezing temperatures, down to 14˚F, little or no strength develops

Curing methods and materials

Concrete can be cured by keeping it moist (and in some cases at a favorable temperature) by three curing methods:

1. Methods that maintain the presence of mixing water in the concrete during the early hardening period.

These include ponding or immersion, spraying or fogging, and saturated wet coverings (Fig. 10-2)

These methods afford some cooling through evaporation, which is beneficial in hot weather 

2. Methods that prevent loss of mixing water from the concrete by sealing the surface 

This can be done by covering the concrete with impervious paper or plastic sheets (Figs. 10-3 and 10-4), or by applying membrane-forming curing compounds (Fig. 10-5)

3. Methods that accelerate strength gain by supplying heat and additional moisture to the concrete

For example, steam curing
· “Steam curing” is advantageous where development of early strength in concrete is desired or where additional heat is required to accomplish hydration, as in cold weather 

· Two methods of steam are used:

(i) live steam at atmospheric pressure

(ii) high steam in autoclaves

·  A steam curing cycle (Fig. 10-6) consists of

(i) an initial delay prior to steaming

(ii) a period for increasing the temperature

(iii) a period for holding the maximum temperature constant

(iv) a period for decreasing the temperature

Curing period:

· Curing period depends upon the following:

· Type of cement

· Mixture proportions

· Required strength

· Size and shape of the concrete member

· Ambient weather

· Future exposure conditions

· Since all the desirable properties of concrete are improved by curing, the curing period should be as long as practical

· The length of the moist curing period for ambient temperatures above 40˚F should be minimum of 7 days or the time necessary to attain 70 % of the specified compressive or flexural strength

· Following lengths of moist curing (at temperatures above 50˚F) are recommended for various types of cements:

Type-  I:

  7 days

Type- II:

14 days

Type-III:

  3 days

· For mass concrete the lengths of moist curing are recommended as:

· Plain (unreinforced) mass concrete containing pozzolan: Min. 3 weeks

· Plain (unreinforced) mass concrete containing no pozzolan: Min. 2 weeks
· Heavily reinforced mass concrete sections: Min. 7 days

· Steam-curing periods are normally much shorter, ranging from 3 hours to 3 days; but generally about 24-hour cycles are used

· Curing temperature:

· A curing temperature should at least be 40˚F

· During cold weather favorable curing temperature of 50˚F to 70˚F should be maintained

· A higher curing temperature provides earlier strength gain in concrete than a lower temperature but it may decrease 28-day strength, as shown in Fig. 10-8. 
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