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Abstract: Self-consolidating concrete is emerging as a new generation of high-performance concrete with
the aim of building durable concrete structures without any skilled laborers for concrete placement. An
extensive literature survey was conducted to explore the present state of knowledge on the durability
performance of self-consolidating concrete. This paper mainly presents the durability performance of self-
consolidating concrete  with  respect  to  corrosion, freeze-thaw cycles, sulfate attack, and alkali-aggregate
reactions. In addition, this paper briefly discusses the effects of porosity, electrical resistivity, transport
properties, drying  shrinkage, segregation resistance, and air content on the durability performance of self-
consolidating concrete.
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INTRODUCTION

The durability of concrete is a major concern in
North America, and many European and Asian
countries. For good durability, a concrete must resist a
variety  of  physical and chemical attacks when
exposed to a range of internal and external stresses.
The destructive stresses can be developed in concrete
from the surrounding environment such as seawater,
groundwater or soils including aggressive chemicals,
freezing and thawing climates, from maintenance work
with deicing chemicals, and also from material sources
such as reactive aggregates and admixtures containing
chlorides. In addition, drying shrinkage and extreme
heat of hydration could produce some stresses in
concrete. All or any of these stresses, directly or
indirectly, can deteriorate concrete and lead to a
reduction in service life or premature failure. Therefore,
the durability must be given high priority in order to
extend the lifespan of concrete. Unfortunately, the
concrete industry achieved higher and higher strength
but neglected the durability of concrete. Nonetheless,
the durability issue has eventually gained attention, and
therefore today more focus is on highly durable
concrete, which would be able to sustain severe
environments.

The construction of durable concrete structures
requires very good consolidation of fresh concrete. It
is not always achievable with normal concrete even by
skilled workers. Thence the idea of self-consolidating
concrete  (SCC)  was  first  developed in Japan in
1988 in order to build durable concrete structures[1].

SCC possesses very high workability due to its low
yield stress and moderate viscosity, and therefore it can
be placed in every corner of the formwork through
dense reinforcement and well consolidated without any
external means of consolidation[2]. Moreover, the high
workability of SCC results in a well compacted
microstructure with reduced porosity in mortar matrix
and  interfacial  transition  zone,  and thus improves
the electrical resistivity and transport properties of
concrete. This is the key to enhanced durability
performance of SCC[3-5]. The  low transport properties
provide good protection against corrosion, freeze-thaw
cycles, sulfate attack and alkali-aggregate reactions.
High electrical resistivity hinders the electrochemical
reactions and thus impedes the corrosion of steel
reinforcement. In addition, an adequate  air content
ensures the freeze-thaw durability of SCC.

This paper highlights the durability performance of
SCC with respect to corrosion, freeze-thaw cycles,
sulfate attack, and alkali-aggregate reactions. In
addition, the effects of porosity, electrical resistivity,
transport properties, drying shrinkage, segregation
resistance, and air content have been discussed briefly.

Durability of SCC: SCC can be deteriorated by
abrasion  and  freeze-thaw cycles. It can be attacked
by  strong  acid,  chloride  ions,  sulfate  ions, or
other types of aggressive chemicals. It can also be
attacked by a gas or even by bacteria. Moreover, it can
be self-destructive in the presence of reactive
aggregates. The following sections briefly highlight the
major durability issues of SCC.
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Resistance to Corrosion: Corrosion is a prime cause
of premature deterioration of reinforced concrete
exposed to deicing chemicals and sea water. Steel
reinforcement in concrete is generally protected against
corrosion because of highly alkaline environment of the
surrounding cement paste. The cement paste forms a
tightly adhering oxide layer over the steel bars and
creates a protective environment with a high pH. This
layer passivates the steel bars and protects them from
corrosion. But when this protective oxide layer is
depassivated owing to carbonation or chloride attack,
the corrosion process becomes activated in reinforced
concrete. Therefore, the key to resisting corrosion is to
stop or impede the penetration of chloride ions and
other corrosive agents[6]. It can be achieved by
decreasing the porosity and transport properties of
concrete.

Limited published works reported that SCC is
superior to normal concrete in protecting steel
reinforcement from chloride-induced corrosion, as can
be seen in Fig. 1[7]. This figure shows that the
corrosion loss of steel bars did not occur in case of
high-strength SCC. Also, the corrosion loss was
insignificant in case of normal-strength SCC. It
indicates that the chloride ions or other corrosive
agents cannot significantly penetrate SCC due to its
impervious nature. Therefore, the corrosion is largely
reduced and the steel bars remain unaffected.

Resistance to Freeze-Thaw: Concrete exposed to
freezing and thawing environment deteriorates in the
absence of entrained air voids. The freeze-thaw
deterioration generally occurs when the moisture
present in concrete pores freezes and expands, leading
to cracking and spalling of the concrete surface. An
excellent network of air voids with a spacing factor
less than 200 μm and a specific surface greater than 24
mm-1 must be maintained in concrete to resist this
deterioration process[8].

Several published works reveal that SCC performs
very well in resisting expansion due to freeze-thaw. For
instance, “Biocrete 21”, a super-workable (self-
consolidating) air-entrained concrete developed by
Taisei Corporation, Japan showed good freeze-thaw
resistance[9], as can be seen from Fig. 2. Nagai et al.[10],
Persson[11], and Trägårdh et al.[5] also reported good
freeze-thaw resistance of SCC. The increased freeze-
thaw resistance of SCC is perhaps due to reduced
porosity resulting in lower hydraulic pressure. Also, the
strength  of SCC is improved with reduced porosity
and therefore the concrete can withstand greater
dilation pressure.

Resistance to Sulfate Attack: Sulfate attack causes
concrete deterioration by chemical and/or physical
reactions. In this phenomenon, sulfate ions penetrating

from soil or ground water or already being in concrete
mainly react with the aluminate phase of cement. As a
result, gypsum and an ‘ettringite’ type salt are
produced that cause concrete deterioration due to
expansion. The deterioration process is further
accelerated when sulfate attack destabilizes calcium
silicate hydrate, the major strength-providing hydration
product of concrete[12].

Limited published works presented that SCC shows
better resistance to sulfate attack. Nagai et al.[10]

developed a super-workable (self-consolidating)
concrete that exhibited excellent sulfate resistance, as
can be seen from Fig. 3. A more recent study has also
reported  improved  sulfate  resistance of SCC[13].
These studies indicate that the ingress of sulfate ions
into SCC is impeded due to its reduced porosity and
decreased transport properties.

Resistance to Alkali-Aggregate Reactions: Alkali-
aggregate reactions are deleterious phenomena that
occur within concrete when the aggregates are alkali-
reactive, the alkalinity of the pore solution is
adequately high and the concrete is sufficiently wet[14].
The reactions generate a gel, which absorbs water and
expands in volume, thus develops a swelling pressure
that causes concrete deterioration.

Published research on the durability performance of
SCC against alkali-aggregate reactions is very limited.
A recent study reported that the expansion due to
alkali-silica reaction was higher in SCC[15]. This is
perhaps because of the reduction in concrete porosity.
The swelling of alkali-silica gel is minimized due to
the lower water permeability of SCC. But the reduced
amount of pores lessens the room needed for the gel.
As a result, some expansion may occur in SCC.
Nevertheless, further research is essential to investigate
the durability performance of SCC against alkali-
aggregate reactions.

Concrete Properties Affecting Durability of SCC:
The durability performance of SCC is closely related to
several concrete properties. The following sections
briefly discuss the effects of porosity, electrical
resistivity, transport properties, drying shrinkage,
segregation resistance and air content.

Porosity: The  porosity of concrete is mainly
comprised  of capillary and gel pores, and pore
channels  connecting  the pores. The capillary pores
and their connectivity constitute the permeable porosity
of concrete. The volume, size and continuity of
capillary pores have considerable effects on the
transport  properties  and  hence  on  the  durability
of concrete[16]. Porosity also affects the electrical
resistivity and thus the corrosion resistance of
concrete[17]. 
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Fig. 1: Corrosion Resistance of SCC[7]

Fig. 2: Freeze-Thaw Resistance of SCC[9].

The pore system in SCC is more refined than that
in normal concrete[18]. The average pore diameter is
lower in SCC, as can be seen in Fig. 4. This is mainly
because of a low water-binder ratio. The higher degree
of packing due to good consolidation, the greater
degree of hydration due to deflocculation and
dispersion of cement particles in the presence of high-
range water reducer, and the pozzolanic and micro-
filling effects of mineral admixtures also contribute to
form a refined pore structure in SCC. The refined pore
structure greatly decreases the transport properties of
concrete, and therefore improves the durability of SCC.

Electrical Resistivity: The corrosion-resisting
performance of concrete is influenced by the electrical
resistivity of concrete. The increased electrical

resistivity of concrete hinders the movement of
electrons from the anodic to the cathode regions, and
thereby retards the propagation of corrosion process. It
has been reported that the corrosion of steel
reinforcement becomes negligible when the electrical
resistivity is higher than 20 kΩ-cm[19].

Limited  studies have been carried out to
investigate the effect of electrical resistivity on the
durability  of  SCC. Hwang and Hung[3] determined the
electrical resistivity  of  SCC as a measure of the
durability.  They  found that SCC provides an
electrical  resistivity  much  higher than 20 kΩ-cm.
This  is  mainly  attributed  to  the  reduced porosity
of SCC. The reduction in porosity lessens the amount
of electrolyte, and thus increases the electrical
resistivity of concrete.
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Fig. 3: Sulfate Resistance of SCC[10]. 

Fig. 4: Average Pore Diameter of Normal Concrete and SCC[18].

Fig. 5: Chloride Diffusivity of Normal Concrete and SCC[15].
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Transport Properties: The transport properties dictate
the ingress of deleterious agent when concrete is
exposed to aggressive environments. The transport of
deleterious agents can occur through the permeability
of gas or air and liquid or water. In many cases, the
transport of harmful ions such as chloride and sulfate
ions may occur by diffusion. Capillary absorption can
also be a dominant transport mechanism, particularly
for unsaturated concretes. Nevertheless, the transport
properties are key indicators of the durability of
concrete, and therefore they relate to the risk of
chloride and sulfate attacks, alkali-aggregate reactions,
and freeze-thaw deterioration[8,20].

Several studies have reported the excellent
transport properties of SCC. It has been found that
SCC provides very low water permeability, water
absorption and oxygen permeability[21,22]. Also, SCC
provides significantly lower chloride diffusivity than
normal concrete[4,15], as can be seen from Fig. 5. This
is mostly credited to the rich microstructure and refined
pore structure of SCC that are developed in the
presence of high-range water reducer and mineral
admixtures at low water-binder ratio.

Drying Shrinkage: Drying shrinkage occurs when
concrete hardens and dries out at the early age. It
induces potential flow channels in the form of micro-
cracks. These cracks provide the access to deleterious
agents, and thus affect the durability of concrete. The
drying shrinkage of SCC does not differ very much
from that of normal concrete[18,23,24]. Several studies
reported  that  it  could  be  even  lower in SCC[9,25].
In general, the reduced coarse aggregate content and
the increased amount of cementing material are
expected to cause more drying shrinkage in SCC. But
the porosity also affects the drying shrinkage of
concrete. As the porosity is reduced in SCC, it
compensates the negative effects of aggregate and
binder on drying shrinkage. In addition, the drying
shrinkage tends to decrease in SCC since a very small
amount of free water is available in the system. Also,
SCC has minimum empty voids on concrete surface
that are largely responsible for drying shrinkage.

Segregation Resistance: The segregation resistance of
concrete refers to its ability to remain homogeneous or
uniform during transport and placement without any
instability in the form of bleeding, mortar separation
and  aggregate settlement. The distribution of coarse
aggregates would be non-uniform in case of
segregation[26]. This might affect the transport
properties, and thus the durability of concrete. Very
few studies have been conducted to determine the
effect of segregation resistance on the durability of
SCC. A recent study has reported that the water
absorption and chloride penetration of SCC can be

affected under poor segregation resistance[27]. However,
further research is needed to investigate the role of
segregation resistance on the durability of SCC.

Air Content: A sufficient amount of air voids must be
present in concrete to protect it from freeze-thaw
damage. It has been found that SCC incorporating
adequate air voids performs very well in a freeze-thaw
environment[9,28]. However, the air voids must be stable
to  ensure  the  freeze-thaw  durability of concrete.
The air-void stability can be secured in SCC with high
binder content, low water-binder ratio and high sand-
aggregate ratio, and by incorporating a viscosity-
modifying admixture[29]. 

Conclusions:

C SCC provides good resistance to corrosion, freeze-
thaw cycles, and sulfate attack due to reduced
porosity and decreased transport properties.

C SCC provides reduced drying shrinkage, low
transport properties, high electrical resistivity and
stable air-voids, which improve concrete durability.

C Sufficient segregation resistance must be
maintained in SCC to decrease the transport
properties, and thus to improve the durability of
concrete.

C Further research is needed to investigate the
resistance of SCC against corrosion, sulfate attack
and alkali-aggregate reactions.

C Comprehensive research is needed to examine the
effect of electrical resistivity and segregation
resistance on the durability of SCC.
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