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Risk of Plastic Shrinkage Cracking in Recycled
Aggregate Concrete
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Abstract—The intensive use of natural aggregates, near cities and
towns, associated to the increase of the global population, leads to its
depletion and increases the transport distances. The uncontrolled
deposition of construction and demolition waste in landfills and city
outskirts, causes pollution and takes up space. The use of recycled
aggregates in concrete preparation would contribute to mitigate the
problem. However, it arises the problem that the high water
absorption of recycled aggregate decreases the bleeding rate of
concrete, and when this gets lower than the evaporation rate, plastic
shrinkage cracking occurs. This phenomenon can be particularly
problematic in hot and windy curing environments. Cracking
facilitates the flow of liquid and gas into concrete which attacks the
reinforcement and degrades the concrete. These factors reduce the
durability of concrete structures and consequently the lifetime of
buildings. A ring test was used, cured in a wind tunnel, to evaluate
the plastic shrinkage cracking sensitivity of recycled aggregate
concrete, in order to implement preventive means to control this
phenomenon. The role of several aggregate properties on the concrete
segregation and cracking mechanisms were also discussed.

Keywords— Recycled Aggregate, Plastic Shrinkage Cracking;
Wind Tunnel, Durability.

[.  INTRODUCTION

LASTIC shrinkage cracking (PShC) occurs in the first

hours after casting when the concrete stiffness begins to
develop. When the evaporation rate is faster than the bleeding
rate, the concrete surface dries and the water is removed from
the pores. Evaporation causes capillary stress when the
concrete microstructure stops to be liquid, leading to cracks
because the tensile strength is very low at this stage [1]. PShC
typically occurs in thin concrete members with large surface
areas, when exposed to hot, dry and windy environmental
conditions responsible for high evaporation rates. The cracks
weaken the concrete structure and allow the access of water
and gases which transports aggressive species into the
concrete. This leads to deterioration of concrete due to
carbonation, chlorides, and corrosion of the reinforcement,
reducing significantly the service life of a concrete structures
[2]. Recycled aggregates (RA) have a high water absorption
capacity. It is therefore expected a reduction of bleeding water
which makes concrete more prone to PShC. It is therefore
important to evaluate and quantify PShC in order to prevent or
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mitigate it. This paper reports a study of the role of RA
aggregates on the PShC properties of concrete prepared
thereof, based on the properties of the aggregates and on a
comparison with concrete prepared with natural aggregates
(NA).

II. STATE-OF-THE-ART

If shrinkage is restrained, residual tensile stress is generated
and when this exceeds the tensile strength, concrete cracks [3].
PShC can be attributed to four driving forces [4]: I - Capillary
stresses near the surface. On drying, a meniscus is formed in
the capillaries causing tensile stress in the capillary water.
This tensile stress must be balanced by compressive stress in
the surrounding solid, leading to plastic shrinkage.
Evaporation reduces the humidity state of concrete, leading to
capillary stress raise as the pore radius decreases. The
maximum capillary tension is reached immediately before the
pores are completely emptied. This rupture relieves the stress
level [5], [6]. II- Differential settlement. In the fresh state the
shrinkage is not isotropic and segregation occurs. When the
gravitational displacements are restricted by reinforcing steel
or at locations with sudden change in cross-sectional
thickness, cracking occurs [7]. III- Differential thermal
expansion in which a temperature gradient develops from the
element core to the surface [8], [9]. IV- Autogenous
shrinkage in the plastic phase. Autogenous shrinkage has
been defined as “the bulk deformation of a closed,
isothermal, cementitious material not subjected to external
forces” [10]. This deformation is caused by chemical
shrinkage [11], [12], and self-dessication in which the
capillary stress is built up by the water consumption of the
hydration reactions [13]. Self-desiccation only occurs in low
w/c ratio concrete and consequently in ordinary concrete
autogenous shrinkage is not a concern. This four factors act
simultaneously and depend on the mix composition, setting
times and the environmental curing conditions, turning PShC
in a very complex phenomena.

PShC can be located in the concrete microstructure
evolution [14]. Before initial setting time the evaporation rate
gets faster than the bleeding rate. Capillary pressure raises
until the voids get completely empty and air enters, dropping
the pressure to zero. When the initial setting time is reached
bleeding stops. The first cracks can be observed after the
initial setting time [15]. At this stage an unidirectional mineral
percolation threshold will built up [13], [16], the concrete
starts to stiff and the shrinkage strain turns isotropic [17]. The
PShC is proportional to the amount of water evaporated before
the initial setting time [18]. Between the initial and final
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setting time the plastic shrinkage continues and the crack
width increases progressively. When the final setting time is
reached a 3 dimensional mineral percolation threshold is built
up [13], [16], and PShC stops [14].

Relative humidity (RH) is the most influent environmental
factor which aggravates PShC [7]. RH is followed by air
velocity and temperature [7]. To prevent PShC several
methods have been investigated and used. It is recommended
that the water evaporation should be reduced or compensated
when the evaporation rate is higher than 1 Kg/m? per hour [7].
This can be done by spraying water or curing compounds or
applying protective cover sheets on the concrete surface [19].
Shrinkage reducing admixtures have also been tested and it
was proven that they reduce PShC by lowering the water
surface tension and consequently the capillary stress [19],
[20], [21]. Internal curing by saturated lightweight aggregates
or superabsorbent polymers also reduces PShC [22]. Several
types of fibers were investigated to reduce PShC and it was
found that they reduce the crack width and the crack area but
cracking is not avoided [23], [24]. The cracking area increases
with the w/c ratio and also with the amount of binder, due to a
later setting and a bigger amount of evaporated water [2].
Superplasticizer and curing agents improve the ability to resist
PShC [25]. The cracking time is proportional to the setting
time but the cracking width or area is inversely proportional to
it, due to a higher amount of evaporated water before the
initial setting time. Thus a set accelerator reduces the crack
area and set retarder increases the crack area [19], [26].
Settlement increases with the bleeding water which in turn
increases with the setting time. Shrinkage reducing admixtures
have a beneficial effect on settlement because these
admixtures reduce plastic shrinkage in the vertical direction as
well as in the horizontal direction.

III. CHARACTERIZATION OF AGGREGATES

The aggregates were provided by the recycling plant
“Multi-Triagem” which collects and manages the C&DW
from the SW of the Algarve, Portugal. The primary reduction
of the rubble was made with a shear. Then a primary and
secondary crushing was performed using a portable Impact
Crusher, fitted with two hammers and a magnetic separator.
Finally the aggregates were sieved to obtain the desired
fraction. In this work 4 types of coarse aggregates, labeled
RA1, RA2, NA1 and NA2 and two types of fine aggregates,
labeled RS and CS, were analyzed. The NA and CS are of
crushed limestone and RS is fine limestone river sand.

A. Aggregate Test Program

Constituents of the coarse RA - examined according to NP
EN 933-11 [27], in which RA are grouped in the following
categories:
= Rc: concrete, concrete products, masonry concrete blocks;
= Ru: unbounded aggregates, natural stone, treated aggregates with

hydraulic binder;
= Rb: ceramic elements (e.g. bricks, roof tiles, etc), not floating cellular
concrete and masonry blocks;
Ra: bituminous materials;
Rg: glass;

Uy

= X: cohesive materials (soil, clay, etc.), metals, wood, plastic, rubber,
stucco;
= FL: floating materials.

Particle size distribution - according to NP EN 933-1 [28].
Size class - according to NP EN 12620 [29]. Mytilene blue -
according to NP EN 933-9 [30]. Sand equivalent according to
NP EN 933-8 [31]. Shape index - according to NP EN 933-4
[32]. Wet and dry specific densities according to da NP EN
1097-6 [33]. Water absorption - the pycnometer method was
used according to NP EN 1097-6 [33]. Los-Angeles
coefficient - according to NP EN 1097-2 [33]. Drying
shrinkage - according to EN NP 1367-4 [34].

A reference mix was prepared using the four NA and 2
mixes with RA. In this mixes the coarse NA was replaced by
each type of RA and the fine NA was kept. It was necessary to
add extra water, equivalent to the aggregate absorption
capacity, to enable compaction of the specimens.

Mass stability - was obtained by measuring the mass change
in one drying and wetting cycle described in the EN NP 1367-
4 [34].

B. Aggregate Test Results and Discussion

Constituent test (Table I): The major constituent of RA is
old concrete or mortar, followed by ceramic materials and
natural stone. This is in agreement with the literature [35],
[36]. where the natural stones are included in the concrete
category. The crushing process might lead to a separation of
natural stones from mortar. The fraction of other constituents
is very low.

Sieve analysis: According to Table II RA shows generally
higher content in fines than the NA. RA2 shows significantly
more fines than RA1. These differences may be attributed to
the nature of its constituents. However, Fig. 1 shows that both
RA give rise to a compact size distribution near to reference
grades.
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Fig. 1 Aggregate sieve analysis
TABLEI
RECYCLED AGGREGATE CONSTITUENTS

A te/ FL
Cffsrgtgjeit Re (%) Ru (%) Rb (%) Ra (%) Rg(%) X(%) (o0

RA1 7450 2130 3,57 0.14 0.10  0.40 0.55
RA2 37.26 2620 34.06 0.08 0.03 238 0.62

Ethylene Blue and Sand Equivalent (Table II): The results
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show that the RA has higher fines contents and methylene
blue values than the NA, particularly RA2, which might be
associated to its higher clay content. It can also be concluded
that the sand equivalent values follows the same trend than the
methylene blue values.

TABLE II
AGGREGATE PROPERTIES

CS NAIl NA2 RAI RA2

Property/ Aggregate RS

Size class 0/2  0/4 4/12.5 12.5/20 4/20 4/20

Fines (%) 1.5 1.8 08 03 29 56
Mytilene blue 0/2 (g/Kg) 0.5 0.6  --- - 20 6.7
Sand Equivalent 0/2 (%) 79.4 879 - - 361 237
Shape index (%) - -- 150 100 9.7 242

Dry specific density 2.626 2.662 2.648 2.283 2.286 2.162
Saturated specific density 2.631 2.691 2.676 2.696 2.420 2.331
Water absorption (%) 02 11 1.1 0.5 59 178

LA (%) - - 260 357 433 498
Drying shrinkage (%) 0.013 0.031 0.035
Mass Stability (%) 4.6 76 85

Shape Index (Table II): The shape index of old concrete
particles is lower than that of NA but it increases dramatically
with the content of ceramic materials. Ceramic elements like
bricks, roof, floor or wall tiles, show a much smaller
dimension than the other 2, leading to high shape indexes of
ceramic RA. The results are in agreement with the reported by
others [37], [38].

Specific Density and Water Absorption (Table II): The
density of the 4 NA is in the expected range of limestone [38].
Whereas the density of RA is much lower and decreases with
the content of ceramic particles. The values are also in the
range obtained by others [39], [40]. As expected, the RA
shows a higher water absorption capacity than the NA,
increasing with the content of ceramic materials, that can be
matched to its densities.

Los-Angeles Coefficient (Table 1II): Los Angeles
coefficients of RA are much lower than those of NA and
decrease with the ceramic content, which can be related to the
density trend. Similar results were found by Vegas et al [41]
and Mas et al [36].

Drying Shrinkage and Mass Stability (Table II): The results
presented in table 2 show that the reference shrinkage strain is
very low, which may be related to the limestone properties
[42].The incorporation of RA increases the shrinkage strain
dramatically due to a larger pore volume (diameter between 6-
30 nm), specific surface area [42] and less stiffness [3], caused
by the attached mortar. In the same way, drying shrinkage
strain grows with the content of ceramic particles, which could
be also related to the higher clay content [43]. Drying
shrinkage is proportional to the mass stability which follows
the water absorption trend.

IV. CONCRETE TEST PROGRAM

A. Mix Compositions

The compositions were calculated by following Faury’s
method. The cement and water content was adjusted

experimentally with the goal to reach an initial slump of
130420 mm, corresponding to the workability class S3 [44].
The water absorption was compensate with extra water. The
amount used was chosen so that about 80% of the aggregate
absorption capacity is reached. A staged mixing approach was
followed [45] to reach 80% pre-saturation of the aggregates
before introducing the binder. One reference mix with NA
(NAC) only, and 2 mixes with different types RA, labeled
RAI1C and RA2C were prepared. The effective W/C ratio is
0.6 in all mixes and the binder is a CEM II 32.5. The mix
compositions are presented in Table III.

B. Workability

Workability was evaluated by the slump test according to
NP EN 12350-2 [46]. The first reading was executed after
finish the mix and the following readings were taken every 30
min for 3 hours. Between measurements the fresh concrete
stayed in the stopped mixer, before each test the mixer was
turned on for about 20 s to break the concrete bonds.

TABLE III
CONCRETE MIX COMPOSITIONS
Materials/Mix NAC RAIC RA2C
RS (Kg/ m?) 289 261 250
CS (Kg/ m?) 343 310 297
NAI (Kg/ m?) 523 0 0
NA2 (Kg/ m?) 649 0 0

RAlor2or3 (Kg/m’) 0 1059 1018
CEMII32,5 (Kg/m®) 350 350 350
Water (I/ m*) 210 210 210
Extra Water (I/ m®) 9.52 5198 69.83

C. Setting Time

A test was performed to determine the initial and final
setting times by adapting the NP 1387 [47]. The mold was
filled to the top to ensure that the wind blows over the
concrete surface. The filled mold was not sealed and it was
exposed to a 30+1°C temperature, 50+1% relative humidity in
a wind tunnel with air velocity of 6 m/s. The curing conditions
were the same as the used in the cracking tests. The readings
were taken every 30 minutes after the beginning of hydration
and until the final set was reached.

D. Evaporation

Water evaporation tests were performed for all mixes. The
molds were 80 mm high and 150 mm large, having the same
dimensions as the cracking rings. After casting, the specimens
were placed in the wind tunnel together with the restricted
shrinkage samples. The weight loss was measured every 30
minutes for 6 hours. The evaporation rate was calculated by
dividing the mass loss in Kg through the exposed area.

A second evaporation test was performed with water only, to
measure the free water evaporation rate.

E. Bleeding

For the bleeding tests a cube with an edge of 15 cm up to a
high of 8 cm was filled to ensure the same dimensions as those
of the cracking equipment. The specimens were covered with
a glass and placed in the same room as the cracking test. The
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bleeding water was taken from the specimen with a plastic
pipette and weighted on a high precision balance.

F. Cracking Test

Cracking was evaluated using the Dahl’s ring test. The ring
had an inner and outer radius of 290 and 600 mm,
respectively. The concrete ring was 150 mm thick and 80 mm
high. The steel walls of the equipment were 5 mm thick.
Twelve steel webs penetrating 30 mm into the sample over the
full depth, were equip-spaced around the circumference of the
outer ring acting as crack inducers. The concrete was cast
between the inner and outer steel ring and then the samples
were placed in the wind tunnel (Fig. 2) for 6 hours. Two
specimens were prepared for each mix composition. After 6
hours the cracks were photographed and the scaled photos
were introduced into a AutoCAD program to evaluate the
cracks. The total crack area was measured , the total crack
length, the maximum crack opening and the average crack
opening.

_— M=

Fig. 2 Cracking specimens in the wind tunnel

V. RESULTS AND DISCUSSION

A. Workability

Fig. 3 clearly shows that the ITZ water flow from the RA is
nearly suppressed, the swelling after 30 min is almost
negligible. The slump decrease is nearly linear and the
workability changes on time follow the same pattern
indicating that there is no water absorption from the
aggregates. Whereas the NAC had a large swelling indicating
that water flows from the 80% pre-saturated NA to the
engaging cement paste.

Fig. 3 also shows that the NAC has a higher slump peak and
a larger “S3” period than RA, but after 120 minutes the slump
of all mixes became very similar. The initial mixing water was
the same for all compositions; the somewhat lower slump of
the RAC is due to the higher surface roughness, shape index
and the undesirable water flow explained previously. After
120 min the effect of the NA water loss relieves, lowering the
initial slump differences between the mixes.

0 20 40 60 80 100 120 140 160 180
Minutsezs

RA2C

*— NAC *— RAIC
Fig. 3 Slump test
B. Setting Time
35

30
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Penetration Strengt (MPa)

120 140 160 180 200 220 240 260 280 300 320 340 360
Minutes

Fig. 4 Setting times

Fig. 4 shows that the initial setting time was reached after
223 minutes and the final set, after 340 minutes. The period
between initial and final set was of 117 minutes. The
aggregates were pre-saturated to 80% before introducing the
binder in the mixture, using a staged mixing approach. It was
assumed that the effective w/c ratio (0.6) was the same for all
mixes and the setting times too. According to Boschoff and
Combrinck [14] the results can be analyzed in the following
way: The concrete plastic shrinkage gets isotropic, settlement
and bleeding stops at the time of 223 minutes. Before 223
minutes the evaporation rate gets faster than the bleeding rate
(drying time). Between the drying time and initial set,
capillary pressure reaches its maximum followed by air entry
and dropping to zero. After 223 minutes cracking begins and
is followed by a progressive increase of the crack opening
during 117 minutes. Before 340 minutes PShC cracking stops
and drying shrinkage takes place. The development of the
stiffness can be related to the development of penetration
strength (Fig. 4). Before 223 minutes the concrete was quasi
liquid and no stress was built up by the plastic shrinkage
strain. In this period, rearrangement of the concrete particles,
caused by the gravitational force, transforms the horizontal
volume decrease into settlement. At the age of 223 minutes the
penetration strength reached 3.5 MPa and the microstructure
turned stiff enough to cause horizontal deformation. Due to
the restraint introduced by the steel ring and webs, the
shrinkage developed stress levels higher than the tensile
strength and cracking occurred. In the 117 minutes after initial
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set, the volume decrease caused by plastic shrinkage,
increased the crack area by growing the crack width. After 340
minutes the concrete microstructure turned too stiff for the
occurrence of plastic shrinkage.

C. Bleeding

0,095

Bleedimg
(Kg/m?)

vy BB ==
NAC RAIC  RA2C

Fig. 5 Bleeding test results

The reference mix (NAC) and RA1C had a bleeding of
0.095 and 0.004 kg/m? respectively, after two hours, but
afterwards no more bleeding was observed. No bleeding was
detected by RA2C between the end of sample preparation and
the end of the testing procedure (6 hours). This result can be
explained by the workability test seen before. Water flows
from the 80% pre-saturated NA, through the engaging cement
paste matrix, to the concrete surface. Another reason could be
the large differences between the densities of NA, cement
paste and water. This can lead to a gravitational separation of
the concrete phases. Similar behavior was not observed for
RA mixes, indicating that concrete prepared using this type of
aggregates has a higher segregation stability. Bleeding tests
indicate that NAC has higher plastic shrinkage settlement than
RAC because this phenomenon is proportional to the amount
of bleeding water. However, RAC has a higher PShC
probability because the bleeding water delays the capillary
pressure. Nevertheless the bleeding water is in a very small
amount in comparison with the evaporation water (see
evaporation). Moreover it blows away when subjected to
wind. Thus, the bleeding water should not influence the
cracking PShC significantly. Bleeding didn’t occurred up to
the initial setting time as described by Boschoff and
Combrinck [14] indicating that the bleeding time must depend
on the mix composition.

D. Evaporation

Fig. 6 shows that the evaporation rate of all mixes is nearly
the same. In the first two hours NAC had a somewhat higher
evaporation than RA1C whereas RA2C had a somewhat lower
rate than RA1C. This may be associated to the bleeding
explained before. This behavior seems to increase with the
content of ceramic particles.

The free water evaporation rate was 1.4 Kg/m? per hour and
the evaporation rate from the concrete surface, in the first
hours, was about 1.2 Kg/m? per hour. This is considered a
propitious climate for PShC occurrence. It is recommended
that when the evaporation rate from fresh concrete approaches
1.0 Kg/m? per hour precautions against PShC are necessary

[7].

E. Mass Loss Before Initial Set
68

Water loss
before intial set
(g)

NAC RAIC RA2C AR3C

Fig. 6 Evaporation test results
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Fig. 7 Amount of water evaporated before initial setting time

The cracking area is proportional to the amount of water
lost before initial setting time [18]. Fig. 7 shows that NAC
loses 1 g water more that ARIC and AR2C, which is in
agreement with the results of the evaporation test.

TABLE IV
PLASTIC SHRINKAGE CRACKING
Number Crack Crack Maximum Average

Mix of Cracks area length  crack width  crack width

(Unit) (mm?) (mm) (mm) (mm)
NAC 5.5 34 350 0.31 0.10
RAIC 4 30 272 0.29 0.11
RA2C 35 29 217 0.40 0.13

F. Plastic Shrinkage Cracking

Table IV shows that the number of cracks, the crack area
and crack length follows the same trend. RA1C cracked less
than the reference mix whereas RA2C cracked less than
RAIC. This trend can easily be linked to the amount of water
lost before initial set and to the evaporation rate. Cracking
(Fig. 8) increased with the amount of water evaporated before
initial set and with the evaporation rate in the first two hours.
Comparing RA1C and RA2C it can be observed that they lost
the same amount of water before initial setting time but the
evaporation rate had a somewhat different evolution. RA1C
had a higher evaporation rate in the first two hours and RA2C
had a higher rate in the last two hours before initial set was
reached. Since RAIC cracked more that RA2C it can be
concluded that the early evaporation, when the concrete
microstructure is less stiff, has a stronger effect. NAC follows
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the same trend indicating that settlement may have a
significant influence on PShC. In the first two hours the
concrete is quasi liquid and shrinkage is heterotrophic.

Fig. 8 Example of plastic shrinkage cracking

From the type of aggregates and cracking behavior it can be
seen that a higher water absorption reduces the evaporation
rate in the firs 2 hours and thus setlement is reduced and PShC
too. Fig. 6 shows that in the last 2 hours, before final set, RAC
has a higher evaporation rate than NAC. From this behavior it
can be deduced that, at this stage, the 80% pre-saturated RA
provides internal curing [22], reducing the progressive
development of PChC. A lower aggregate density (Table 2)
may also reduce the concrete segregation in its fresh state,
reducing PShC even more. The same can be associated to the
degree of restraint. A lower agregate density and Los Angeles
coeficient indicates a lower agreggate stifeness leading to a
lower degree of internal restrain. This phenomenom decreases
the residual stress cuased by palstic shrinkage strain, acording
to Hooks Law, 6 = €E. Finally, a higher surface rougness and
a lower water flow from the 80% pre-saturated RA improves
the bond strenght between the agregates and the engaging
cement paste matrix.

The maximum crack width is a located phenomenom and
may depend on the circumstanteces of the location of each
crack. The refered circumstances may be related to the
configuration of the corase aggregates relative to the amount
mortar and the external restiction of the molds. This property
can hardly be related to the mix compositions. Nevertheless,
the maximum crack openning increases with the shape index
(Table II).

The average crack width is higher in RAC than in NAC and
grows with the percentage of ceramic material. A correlation
with the evaporation rate or the amount of evaporated water
was not found. This result could be related with the shrinkage
of the aggregates (Table II). The average crack thickness
grows with the shrinkage strain of the aggregtes. In turn, the
aggregte shrinkage strain is inversaly proprotional to the
aggregate density and proportional to it LA coeficcient.

From the discusion above it can be mentioned that the RAC
PShC is somewhat lower than that of NAC so there is no need
for aplaying more prevention means than for NAC. The results
of these paper correspond to RAC using a staged mixing
approach to compensate the aggregte water absorption. When
other methods are used to compensate the aggregate water
absorption the test results can differ.

VI. CONCLUSION

RAC cracked less than NAC contrary to what was expected.
The staged mixing approach used in this work seems to be a
perfect mean to reduce PShC in RAC. In the quasi liquid state
it reduces bleeding and settlement to. Moreover in the rigid
state it provides internal curing reducing the PShC evolution.

NAC shows much more bleeding water than RAC.
Consequently, RAC has lower segregation and settlement. The
bleeding of the studied mixes stopped before the initial setting
time was reached unlike the reported by others [14].

The evaporation rate of NAC and RAC and are nearly the
same. In the first 2 hours RAC evaporated somewhat less than
NAC but in the last 2 hours this trend inverts. The amount of
ceramic paticles increases this effect iven more. The amount
of evaporated water, before initial set, is somewhat higher in
NAC than in RAC, but no differences between the types of
RA were observed.

The evaporation rate in the first two hours is the main factor
influencig PShC. Consequently RAC cracks less than NAC
and the severity of cracking decreases with the amount of
ceramic content.

The differences in the evaporation rate in the first two hours
can be related to the aggregate density, water absorption and
even to the water flow from the 80% saturated agregates to the
engaging cement paste. This early eavaporation may be
influenced by the concrete segregation stability. A better bond
strength and a lower degree of restraint seem to influence
positively PShC of RAC.

The number of cracks, the crack area and the crack length
follows the same trend. The mentioned properies are
proprotional to the evaporation rate in the first two hours. The
average crack width is proportional to the agregate shrinkage
strain, but cant be related with the evaporation rate.

Craccking of RAC is somewhat less than that of NAC and
there is no need to aply more PShC prevention methods than
in NAC. Further studies need to be performed in order to
evaluate if the PShC behavior of RAC is the same when the
aggregate water absorption is campensated by following other
methods.
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