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The Long-Term Plan for Concrete
Pavement Research and
Technology (CP Road Map) is a
national research plan developed
and jointly implemented by the
concrete pavement stakeholder
community. Publications and
other support services are
provided by the Operations
Support Group and funded by
TPF-5(286).

Moving Advancements into
Practice (MAP) Briefs describe
innovative research and
promising technologies that can
be used now to enhance concrete
paving practices. The December
2015 MAP Brief provides
information relevant to Track 8 of
the CP Road Map: Materials and
Mixes for Concrete Pavements.

This MAP Brief is available at
www.cproadmap.
org/publications/
MAPbriefDecember2015.pdf.

Introduction

For the last two decades, the concept

of internal curing has been a subject of
laboratory research (1, 2, 3,4, 5, 6, 7).
Recently, however, internal curing has
made the transition from the laboratory to
field trials and finally to field implementa-
tion. The use of internal curing to date has
primarily been in bridge decks in Illinois,
Indiana (8), New York (9), and Utah (10);
pavement patches in Indiana, Texas, and
Michigan; and pavements in Kansas.
Additional states are also actively experi-
menting with the use of internal curing
for pavements, overlays, and bridge
decks. This MAP Brief discusses the
primary concepts behind internal curing,
describes tools for use in mixture propor-
tioning and quality control, and discusses
potential concrete pavement applications.

Internal curing concept

Curing is vital for hydraulic cement
concretes to hydrate, gain strength and
provide durability (11, 12). When the
internal relative humidity (relative pore
pressure or water activity) decreases the
rate of reaction slows and may even cease
(13). It has long been known that supply-
ing additional water after the concrete has
set can improve the overall performance
of the concrete by increasing the reaction
of the cementitious materials. With con-
ventional concrete, this is typically done
by supplying water from the outside (wet-
ting the surface). Internal curing provides
a modern twist on this practice by supply-
ing curing water from within the concrete,
increasing the reaction of the cementitious
materials (Figure 1). Figure 1 shows that
for conventional concrete the penetration
of external water may be effective in con-
ventional mixtures; however, the depth
that the external water can penetrate can
be limited for lower water-to-cementitious

ratio, higher strength concrete. Internal
curing uses water filled inclusions to bet-
ter disperse the curing water throughout
the depth of the concrete. In North Ameri-
ca, this water filled inclusion is typically
an expanded lightweight aggregate.

Internal curing will reduce autogenous
shrinkage and cracking in concrete (13),
reduce plastic shrinkage cracking (14),
and increase the extent of the hydration
reaction that reduces fluid transport (15).
Internal curing can also reduce damage
associated with ASR due to dilution, pro-
viding space to accommodate ASR gel and
altering pore solution composition (16)
while providing similar strength (17) and
freeze-thaw (18) performance.

Figure 2 provides an example to demon-
strate the similarities and differences be-
tween the design of a conventional 6-bag
mixture (water-to-cement ratio of 0.36 and
6% air) and an internally cured mixture
using the same volume proportions of the
constituents. First, it should be noted that
with the exception of fine aggregate and
fine lightweight aggregate, the remainder
of the internally cured concrete mixture
design is identical to that of the conven-
tional concrete with similar air, water, and
coarse-aggregate content. Internal curing
in North America is typically achieved by
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Figure 1. lllustration of conventional curing as
compared with internal curing
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replacing a portion of the conventional fine aggregate (i.e.,
sand) with a prewetted lightweight fine aggregate (LWA).
The volume of sand replaced may vary depending upon

porosity and desorption of the lightweight fine aggregate.

The example in Figure 2 considers an aggregate with ap-
proximately 20% absorption that is intended to provide a
volume of internal curing water equivalent to the volume
of chemical shrinkage of a typical cement. This corre-
sponds to replacing approximately 30% of the volume of
the fine aggregate (approximately 460 lb/yd?) for this mix-
ture with a fine lightweight aggregate. The specific details
of the mixture design will vary depending on the proper-
ties (specific gravity and porosity) of the local materials.

The following section describes how these calculations can
be done for a specific mixture. It should be noted that al-
though either the coarse or fine aggregate can be replaced
with LWA to provide internal curing the fine aggregate is
frequently selected to provide the best distribution of the
internal curing water throughout the matrix.

Mixture Proportioning

While the concept of designing a concrete mixture from
scratch may sound daunting, converting a conventional
concrete mixture to an internally cured mixture is rela-
tively straightforward. The first paragraph of this section
describes the principles used for converting a conventional
mixture design to an internally cured mixture design and
the second paragraph presents a tool to perform this cal-
culation automatically. It should be noted that this spread-
sheet is one approach and there are other approaches that
can be used to design internally cured mixtures.

The only change needed to convert a conventional con-
crete mixture to an internally cured concrete mixture is to
replace a portion of the fine aggregate with the lightweight
aggregate (19). To calculate the amount of LWA needed, a
two-step process is used. First, the amount of water ‘hid-
den’ in the LWA to be used for internal curing is deter-
mined. This internal curing water is typically estimated as
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2 Figure 2. Conceptual illustration of volumetric components in a plain

and internally cured mixture

7 Ibs of water for every 100 Ibs of cementitious materials
used in the mixture. The example shown in Figure 3 has
610 Ib/yd?® of cementitious materials; therefore, 42.7 Ib/yd?
of internal curing water is needed.

Second, the amount of LWA required for this amount of in-
ternal curing water is determined based on the mass of the
internal curing water and the absorption of the LWA (this
can be adjusted to account for the fact that not all water
will desorb from the aggregate; however, this is a second-
ary effect). Once the total volume and mass of lightweight
aggregate are determined the volume (and mass) of the
fine lightweight aggregate are adjusted so that the volume
of LWA and fine aggregate in the internally cured mixture
is equal to the volume of the fine aggregate in the original
mixture. This process can be automated as described in the
following paragraph.

To aide in the conversion of a conventional concrete mix-
ture to an internally cured mixture a spreadsheet was de-
veloped (20,21) that is available online (22) (Figure 3). This
spreadsheet performs the calculations that are discussed in
the previous section if the user enters two types of infor-
mation: 1) information from the original mixture design

in the orange cells and 2) information on the LWA proper-
ties in the green cells. The information that is needed from
the original mixture designs is the original air content, the
mass of the original constituents and the specific gravity of
the original constituents. As such this information is typi-
cally readily available.

Three pieces of information are needed to describe the
properties of the lightweight aggregate: 1) the absorp-
tion of the LWA, 2) the desorption of the LWA and 3) the
specific gravity of the LWA. While this information can be
measured for a specific project following the procedures
outlined in ASTM C1761, Table 1 provides information on
North American fine lightweight aggregate made from
expanded clay, shale, slate or slag that has been assembled
from the literature to provide a first approximation of the
values that can be used. The last three columns in Table 1
can be used in the green LWA cells (Cell C21, C22, C23) in
Figure 3 to aide in proportioning internally cured concrete.

Operations

While internal curing mixtures can be designed using oven
dry aggregate or pre-wetted lightweight aggregate, the
pre-wetted lightweight aggregate is substantially easier to
implement in many field applications (26). To condition
the aggregate to a stable pre-wetted state, the pile of fine
lightweight aggregate can be wetted using a sprinkler. The
wetting of the pile with the sprinkler is generally applied
for a period of 48 hours. Approximately 12 hours before
the concrete is batched the sprinkler is turned off and the
pile is permitted to drain down. Before the aggregate is



added to the bins, the pile of LWA is typically rotated to
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obtain consistent aggregate moisture though the pile.

As with conventional concrete, daily mixture adjustments
for aggregate moisture are essential for quality control and
even more important when using lightweight aggregate.
Two test methods could be used to determine the surface

moisture of fine lightweight aggregate: a paper towel test
and the centrifuge test. The paper towel test consists of
dabbing a paper towel on the surface of LWA as it dries to
determine whether moisture is picked up by the towel or
not. When the paper towel no longer picks up moisture it is
assumed that the LWA is surface dry and the difference in
the mass between the original and surface dry condition can
be used to determine the surface moisture.

Miller et al. (27) used a centrifuge procedure in which the
LWA is spun in a centrifuge at 2,000 rpm for 3 minutes to re-
move surface moisture. By comparing the mass of the initial
sample and sample after spinning the surface moisture can
be determined. This can be done substantially faster and
more accurately than using the paper towel method (27). A
spreadsheet to perform this calculation is provided at (23).

Potential Applications

While the vast majority of field trials have focused on the
use of internal curing for bridge decks, where internal cur-
ing has shown reduced cracking and long service life (6,29),
the beneficial uses of internally cured concrete has potential
in other applications as well. Figure 5 illustrates field trials
performed in West Lafayette, Indiana in 2014 that used
internal curing with expanded slag aggregate in high early
strength concrete pavement patches. The application of
internal curing in the high early strength patches provides

A B C D E F
1 Project: Date:
2 | Mixture |D:
3 | Operator:
4 Plain Mixture Design Legend
5 I Targ=t Air, % [ &5 | | Ready Mixinput |
3 | wijc | 0221 | L owainpur |
7
8 Materials Weight |3G (35D)|  Volume, fr
9 Cement 455 3.15 2.315
10 GGBFS 130 299 0,697
11 Fly Ash 0 2.64 0.000
12 Silica Fume 5] 22 0.132
1= Sand 1231 2.623 7.521
14 Coarse Aggregate 1 1795 2.763 10,411
15 Coarse Aggregate 2 o 2.763 0.000
16 Water 257 1 4.119
17 Air [ o 1.755
18 pa 3892 - 26.399
19
20 Internal Curing Properties
21 LWA Absorption: 15.0% |#%Thisis 24 hour design absorption
22 LWA Desorption: 85.0% |« Ifunknown, use 85%
23 LWA PSD Specific Gravity | 1.750 |4Thizis 24 hour pre-wetred surface-dry
24 Cement Factor 610 |=zpecific gravity for preliminary design
25 Chemical Shrinkage: .07
26 Degree of Hydration 1
27 PED WA Replacement 385
28 55D Sand Replaced 577
29 % \Volume Replacement | 46.9%
30
31 IC Mixture Design
3z Materials Weight |G (S5D)|  Volume, fr*
33 Cement 455 3.15 2.315
34 GGBFS 130 2.99 0,697
35 Fly Azh 1] 2.64 0.000
36 Silica Fume 25 2.2 0.132
37 Sand 654 2.623 3.954
32 Lightweight Aggrezate 385 1,750 3.527
39 Coarse Aggregate 1 1795 2.763 10.411
40 Coarse Aggregate 2 o 2.763 0.000
41 Water 257 1 4,119
4z Air 1] 1] 1.755
43 z 3701 - 26.399

aa

Figure 3. Screen capture of the spreadsheet used to convert a mix-

ture to an internally cured mixture

Table 1. Expanded LWA properties for North American lightweight aggregate

a concrete with two distinct benefits when compared with
conventional concrete: 1) reduced built-in stress caused by
the restraint of shrinkage and 2) increased water curing
after the patches are covered with curing compound and

opened to traffic.

In addition to the use of internal curing in patches, research
is underway to evaluate the potential for using internal
curing in continuously reinforced concrete pavement
(CRCP). It has been shown that internal curing could result
in thinner CRCP, provided the internal curing can reduce

the built-in stress associated with moisture gradients (30).

Using similar reasoning, there is a great interest in investi-
(23,724 , 825 )gating the potential use of internal curing

for white topping and ultra-thin white

Material Production Location Vacuum Water | SpecificGravity, | 24 Hour Water 24 Hour Specific Gravity, to in as a wav to reduce buﬂt—in stress
Type Absorption® Oven Dry* Absorption® Desorption® 24 Hour Calc. pp g y
Clay | Erwinville, LA 26.8% 129 16.8% 92.4% 1.50 caused by restrained shrinkage. If inter-
Cay _Germany 27. 0t 149 5.0%* 93.6%" 171 nally cured mixtures reduce curling and
Clay Livingston, AL 35.5% 110 30.0% 57.5% 143 i A X
Clay | FrazierPark CA 15.1% 139 7.5 552% 163 built-in stress as estimated (30), there
Shale | Marquette, K3 22 5 145 18 8 96.2% 172 may be even more benefits of using inter-
Shale | New Market, MO 24.%% 150 14.9% 98.3% 172 1
Shale Brooklyn, IN 20,08 156 12 4% 97.5% 175 nal curing. Research would be needed to
Shele | Cleveland, OH 18 6% 140 17.3% 57.3% 164 determine if the same benefits could be
Shale Brooks, KY 2205 151 17.3% 96.4% 177 btained for iointed plai
Shale Albany, NY 25 7% 138 17.4% a5 7% 162 obtained for jointed plain concrete pave-
Shale Boulder, CO 24,94 146 19,0 89.8% 174 ment (JPCP). Research is currently being
Shale Streetman, T™X 24 6% 148 20.1% BB.0% 1.78 f d t d t . th . ﬂ f
Shale Coalville, UT 23.0% 145 19.7% 90.6% 178 performed to aetermine the influence o
Slate | Budkingham, VA 18 6% 162 16.4% 57.1% 189 internal curing on curling and built in
Slate Gold Hill, NC 114% 151 9.1% 97 5% 165 .
Slag Chicago, IL ~ 2.008 10.5% 92 6% 221 curling stress (31).
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Figure 4. lllustration of the centrifuge, which has been used to
determine the moisture properties of fine LWA

Figure 5. Example of internally cured concrete being used for con-
crete pavement patching

Summary

Internal curing has been the subject of many laboratory
investigations over the last two decades. Internally cured
concrete has been successfully used in full scale bridge
decks and concrete pavement patching projects. Field
trials are underway to examine the potential use of inter-
nally cured concrete in CRCP (continuously reinforced
concrete pavement), white topping, UTW (ultra-thin
white topping), and JPCP (jointed plain concrete pave-
ments). This article has outlined how internally cured
concrete mixtures can be designed using the mixture
proportions of conventional concrete (Figure 3) with
properties of fine lightweight aggregate (Table 1). Field
experience has shown that, in general, internally cured
concrete has similar workability, similar strength and
mechanical property development, reduced stress de-
velopment and cracking, and improved durability when
compared with conventional concrete.
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