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Shrinkage-compensating concrete is used in construction to minimize drying-
shrinkage cracking. Its characteristics are similar to those of portland-cement
concrete. The materials, proportions, placement, and curing should ensure
that expansion compensates for subsequent drying shrinkage.

This guide sets forth criteria and practices to ensure the development of
expansive strain in concrete. In addition to a discussion of basic principles,
methods and details are given covering structural design, concrete mixture
proportioning, placement, finishing, and curing.
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or equivalent.
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CHAPTER 1—INTRODUCTION AND SCOPE
1.1—Introduction
Shrinkage-compensating concrete is made with an expansive

cement or expansive component system in which initial
expansion, if properly restrained, offsets strains caused by
drying shrinkage. Since the mid-1960s, shrinkage-
compensating concrete has been used in many applications.
These applications include highway and airport pavements,
bridge decks (Gruner and Plain 1993; Ramey et al. 1999),
hydraulic structures, wastewater treatment plants, containment
structures (Valentine 1994), post-tensioned —structures
(Hoffman 1980; Eskildsen et al. 2009), parking structures, and
slabs-on-ground (Keith et al. 1996, 2006; Bailey et al. 2001).

Shrinkage-compensating concrete is used to minimize
cracking and structural movement caused by drying shrinkage
in concrete. Drying shrinkage is the contraction in the
concrete caused by moisture loss from drying concrete. It
does not include plastic volume changes that occur before
setting when surface evaporation exceeds concrete bleeding
rate or length and volume changes induced by temperature,
structural loads, or chemical reactions.

The amount of drying shrinkage that occurs in concrete
structures depends on the constituent materials, mixture
proportions, curing, drying environment, and restraint.
Tensile stresses caused by restraint to drying shrinkage can
occur before concrete tensile strength is fully developed.
When concrete is restrained by reinforcement, subgrade
friction, or other means, drying shrinkage causes tensile stresses
to develop. When drying shrinkage stresses exceed the tensile
strength of the concrete, it cracks. The spacing and size of
cracks that develop in structures depend on the amount of
shrinkage, degree of restraint, and amount of reinforcement.

Shrinkage-compensating concrete is proportioned so
concrete volume increases after setting and during early-age

in concrete. Upon drying, the shrinkage, instead of causing
tensile stress that results in cracking, relieves compressive
stresses caused by initial expansion of the shrinkage-
compensating concrete.

1.2—Scope

Recommendations of this guide include proportioning,
mixing, placing, finishing, curing, and testing. Shrinkage-
compensating concrete is produced using expansive cements
or expansive component systems.

There have been significant changes and advances in the
use of shrinkage-compensating concrete since it was first
introduced into the market but, in some areas, the original
practices remain the best current practice. Although many
references used in this guide are over 10 years old, they
remain a valid reference to today’s practice.

CHAPTER 2—NOTATION AND DEFINITIONS
2.1—Notation
= bar diameter/2 = dj/2

= bar diameter
= modulus of elasticity of the bar
stress in reinforcing bar
moment of inertia of bar
length
total length of wall between free ends
moment in reinforcing bar
tolerance allowance
anticipated wall movement relative to footing
= expansion of wall

O >NET SN~ EA O

2.2—Definitions

ACI provides a comprehensive list of definitions through an
online resource, “ACI Concrete Terminology,”
http://terminology.concrete.org.  Definitions provided
herein complement that resource.
concrete, shrinkage-compensating—a concrete made with
an expansive cement or component system in which the
expansion, if properly restrained, induces compressive stresses
that approximately offset tensile stresses caused by shrinkage.

cement, expansive—a cement that, when mixed with
water, produces a paste that, after setting, increases in
volume to a significantly greater degree than does portland
cement paste; used to compensate for volume decrease due
to shrinkage or to induce tensile stress in reinforcement.

1. cement, expansive, Type K—a mixture of portland
cement, anhydrous tetracalcium trialuminate sulfate
(C4A3S), calcium sulfate (CaSOy,), and lime (CaO); the
C4A3S is a constituent of a separately burned clinker
that is interground with portland cement or alternately,
it may be formed simultaneously with the portland-
cement clinker compounds during the burning process.

2. cement, expansive, Type M—interground or blended
mixtures of portland cement, calcium-aluminate
cement, and calcium sulfate suitably proportioned.

hardening. When restrained by reinforcement, concrete 3. cement, expansive, Type -S—a p Qc%ﬂ&ents
expansion results in tension in reinforcement and compression containing a high compvica ti alcmm%aring Hub
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(C3A) content and an amount of calcium sulfate above
the usual amount found in portland cement.

expansive component system (general)—a combination

of portland cement and expansive component that when
mixed with water forms a paste that, after setting, increases
in volume to a significantly greater degree than portland
cement paste.

1. expansive component Type K—a blend of calcium
sulfoaluminate and calcium sulfate that produces
ettringite when mixed with portland cement and water.

2. expansive component Type M—a blend of calcium-
aluminate cement and calcium sulfate that produces
ettringite when mixed with portland cement and water.

3. expansive component Type S—a blend of tricalcium
aluminate (C3A) cement and calcium sulfate that
produces ettringite when mixed with portland cement
and water.

4. expansive component Type G—a blend of calcium
dioxide and aluminum dioxide that produces calcium
hydroxide platelet crystals when mixed with portland
cement and water.

CHAPTER 3—GENERAL CONSIDERATIONS

Drying shrinkage of concrete is affected mainly by water
content, aggregate composition and size, drying environ-
ment, mixture proportions, and paste content. Lower water
content, aggregate with a higher modulus of elasticity, larger
aggregate size, longer moist curing, and leaner mixtures
reduce drying shrinkage.

Concrete drying shrinkage typically ranges from 0.03% to
0.06%. Drying shrinkage of a concrete mixture is determined
by using ASTM C157/C157TM. ASTM C157/C157TM
laboratory tests give results that are typically higher than the
shrinkage of concrete placed in the field.

Beyond the shrinkage-compensating component, the
materials used to produce shrinkage-compensating concrete
are the same as those required to produce portland-cement
concrete. Shrinkage-compensating concrete’s ability to
minimize cracking depends on water curing for 7 days. It is
essential that water curing and protection of the concrete is
provided as discussed in ACI 301 or ACI 308.1. Mixture
proportions should ensure initial expansion to offset subsequent
drying shrinkage. Physical characteristics and durability of
cured shrinkage-compensating concrete are similar to those
of portland-cement concrete.

3.1—Preconstruction meeting
The owner’s representative, in cooperation with the designer

and general contractor, should conduct a preconstruction
meeting after all mixture designs are approved. This should
occur at least 1 week before the first placement of concrete.
Parties review, discuss, and agree to procedures for placing,
finishing, and curing the concrete to meet specifications under
anticipated field conditions. Responsible representatives of all
contractors and material suppliers, including the manufacturer
of the shrinkage-compensating cement or component, the
ready mixed concrete producer, and concrete testing laboratory

Be aware that additional time for testing may be necessary
when using an expansive component to produce shrinkage-
compensating concrete. Proportions may need to be adjusted
or material sources changed during the testing process to
achieve the strength and expansive properties specified.

CHAPTER 4—MATERIALS
4.1—Expansive cement and expansive component
systems

The expansion characteristics of expansive cements and

expansive component systems are determined by the
constituents that create the expansion mechanisms (refer to
Table 4.1). Expansion produced by each system is determined
by the ASTM C806 test method. This test measures the
expansive potential of the cementitious materials and component
systems and is used to evaluate performance compared with
expansion requirements of mortar in ASTM C845.

When using ASTM C806 with a component system, the
test amount of cement required in the mortar should consist
of the portland cement and component in the same proportions
that will be used in the concrete.

4.2—Aggregates
Both normalweight and lightweight aggregates can be used to

produce shrinkage-compensating concrete. The aggregates used
should meet ASTM C33/C33M or C330/C330M.

Aggregates containing gypsum or other sulfates may increase
expansions or cause delayed expansion or subsequent disruption
of the concrete. Significant amounts of chlorides in aggregates,
such as found in beach sand, tend to decrease expansion and
increase drying shrinkage. For these reasons, use job aggregates
in the laboratory trial batch proportioning tests.

4.3—Water
Mixing water should be of the same quality as used in portland-

cement concrete (Kosmatka et al. 2002). If mixer wash water or
water containing sulfates or chlorides is used, trial batches to
disclose possible adverse effects on the desired expansion
levels of shrinkage-compensating concrete are recommended.

4.4—Admixtures
Air-entraining admixtures, water-reducing admixtures,

retarding admixtures, and accelerating admixtures may
increase, decrease, or have no effect on the amount of
expansion. The same is true for a specific type or brand of
expansive cement or expansive component system. Consult
the cement, component, and admixture producers in regard
to compatibility issues.

Admixtures should be tested in trial batches with job materials
and mixture proportions. Such tests should evaluate:
*  The admixture’s influence on expansion;
. Water requirement;
* Air content;
*  Consistency;
* Rate of slump loss;
*  Bleeding;
* Rate of hardening;
e Strength; and

Documents

should participate in this meeting. *  Drying shrinkage.
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Table 4.1—Types of shrinkage-compensating
cements and their constituents

EXpans*ive Reactive aluminates available
type Principal constituents for ettringite formation

(a) Portland cement
(b) Calcium sulfate <

K (c) Portland-like cement con- CafAsS
taining C4A3S
(a) Portland cement
(b) Calcium sulfate

M (c) Calcium-aluminate cement CA and CppAg
(CA and C,A,)

S (a) Portland cement high in C5A CiA

(b) Calcium sulfate

(a) Portland cement high in CaO
G (b) Calcined pozzolan (SiO,
and Al 20';)

CA(OH),, CaO, and A1,0;

“Three types of shrinkage-compensating cements described in ASTM C845 are
designated K, M, and S.

Air-entraining admixtures are as effective with
shrinkage-compensating concrete as with portland-cement
concrete in improving freezing-and-thawing resistance and
scaling resistance.

4.5—Concrete
4.5.1 Strength—After expansion, the tensile, flexural, and

compressive strength development of shrinkage-compensating
concrete is similar to that of portland-cement concrete under
moist- and steam-curing conditions.

The water requirement for shrinkage-compensating
concrete is greater than that of portland-cement concrete for
a given consistency. Compressive strengths, however, are
comparable if the cement is manufactured from the same
clinker, and the concrete has identical cement content and
aggregate proportions. As with those of portland-cement
concrete, the lower the water-cementitious material ratio
(w/cm), the greater the compressive strength (refer to Section
4.2.5 of ACI Committee 223 [1970]).

4.5.2 General physical properties—The modulus of
elasticity, creep, Poisson’s ratio, and coefficient of thermal
expansion of shrinkage-compensating concrete are similar to
portland-cement concrete made with similar materials. (For
modulus of elasticity, refer to Section 4.2.7 of ACI Committee
223 [1970]. For creep, refer to Section 2.5.4 of ACI 223-98.
For Poisson’s ratio, refer to Section 4.2.14 of ACI Committee
223 [1970]. For coefficient of thermal expansion, refer to
Section 4.2.9 of ACI Committee 223 [1970].)

453 Volume change—After expansion, the drying-
shrinkage characteristics of a shrinkage-compensating concrete
are similar to those of portland-cement concrete. Figure 4.1
illustrates the typical length change characteristics of shrinkage-
compensating and portland-cement concrete tested in accor-
dance with ASTM C878/C878M. (Refer to Fig. 4.2.6 of ACI
Committee 223 [1970] and Section 2.5.3 of ACI 233-98.)

4.5.4 Freezing-and-thawing resistance—When properly
designed per ACI 211.1 and adequately cured per ACI 308.1,
shrinkage-compensating concrete made with expansive
cements K, S, or M is equally resistant to freezing and
thawing and scaling in the presence of deicer chemicals as

MOIST CURE
7 DAYS

AIR DRY

SHRINKAGE ~ COMPENSATING
COMNCRETE

EXPANS | ON

"75\

LENGTH CONCRETE
o

PORTLAND CEMENT
CONCRETE

CONTRACTION

AGE

Fig. 4.1—Typical length change characteristics of
shrinkage-compensating concrete and portland-cement
concretes (ACI 223-98).

The effects of air content and aggregates are essentially the
same. For further details, refer to ACI 201.2R and Sections
4.2.10 and 4.2.11 of ACI Committee 223 (1970).

4.5.5 Sulfate resistance—Sulfate resistance of shrinkage-
compensating concrete is inversely proportional to the
amount of C3A in the portland cement portion. When port-
land cement is used with an expansive component, the
resulting concrete has greater sulfate resistance per unit mass
of cement than the concrete made with portland cement
alone. Shrinkage-compensating cement made with a Type I
portland cement may be undersulfated with respect to the
aluminate available and susceptible to further expansion and
disruption after hardening when exposed to an external
source of additional sulfates. Shrinkage-compensating
cements made with Type II or Type V portland cement
clinker, and adequately sulfated, produce concrete having
sulfate resistance equal to or greater than portland cement
made of the same type clinker (Mehta and Polivka 1975).

4.5.6 Testing—Compressive and flexural strengths are
determined in the same manner and using the same ASTM
methods as for portland-cement concrete.

The design of shrinkage-compensating concrete should
treat the desired amount of expansion as significantly as
strength. Mixtures that expand too little or too much are
likely to induce undesirable cracking or warping in slabs.
The performance of a shrinkage-compensating concrete should
be tested in accordance with ASTM C878/C878M to determine
the quantity of expansive cement or expansive component
required to achieve the desired concrete expansion. Before
severe exposure to extended freezing, the concrete should attain
a specified compressive strength of 4000 psi (27.6 MPa). For
moderate exposure conditions, a specified strength of 3000 psi
(20.7 MPa) should be attained. A period of drying following
curing is advisable before exposure to freezing temperatures.

4.5.7 Abrasion resistance—Shrinkage-compensating
concrete, when properly designed per ACI 211.1 and
adequately cured per ACI 308.1, has an abrasion resistance
30 to 40% higher than portland-cement concretg of comparable
mixture proportions (ACI Committee 223 tﬁ'mw

~

nts

portland-cement concrete of the same water-cement ratio. and Yoneyama 1973; Klieger and Gi
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