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ABSTRACT: In the advancement of concrete technology internal curing is found to be beneficial in terms of
enhancing concrete performance as well as economical and environmental friendly. In early periods numer-
ous research works have been performed in this field of study. The current study presents a state of art review
on the previous studies and some suggestions on applying this technology in the context of Bangladesh.

1 INTRODUCTION

The concept of curing and recognition of its contribution to obtain desirable properties of concrete is not nov-
el. This technique has been adopted to maintain moisture and temperature conditions in a freshly placed ce-
mentitious mixture to allow hydraulic cement hydration and (if applicable) pozzolanic reactions to occur so
that the potential properties of the mixture may develop. In earlier stage though it has not received proper at-
tention but nowadays it is found to be one of major concern in the study of concrete performance. However,
the concept of internal curing has been developed and now been in practice to eliminate some problems oc-
curred in case of traditional curing. According to the definition provided in America Concrete Institute (ACI)
Terminology Guide internal curing is “supplying water throughout a freshly placed cementitious mixture us-
ing reservoirs, via pre-wetted lightweight aggregates, that readily release water as needed for hydration or to
replace moisture lost through evaporation or self-desiccation (American Concrete Institute, 2010).” From this
definition two major objectives of internal curing can be identified as maximizing hydration and minimizing
self-desiccation along with its accompanying stresses which may cause early-age cracking. The principal con-
tribution of internal curing results in the reduction of permeability that develops from a significant extension
in the time of curing. Internal curing reduces plastic shrinkage cracking and settlement. Also a life-cycle cost
reduction was estimated when internally cured high performance concrete (HPC) is used instead of normal
concrete. So far different materials have been used for internal curing such as Super Absorbent Polymers
(SAP), crushed return concrete aggregates, pre-wetted light weight aggregates (LWA) expanded shale, clays,
and slates, recycled waste porous ceramic course aggregate, wooden fiber. In the current study the focus is to
have a review on the studies performed on internal curing and study its prospect in Bangladesh perspective.

2 LITERATURE REVIEW

At the beginning, internal curing was made unintentionally in the form of application of lightweight aggregate
in producing lightweight concrete. Examples of this type of works can be found in ancient roman structures.
However, first recognition of its potential and purpose was made after a number of years (Klieger, 1957, Phil-
leo, 1991). The concept of internal curing is illustrated schematically in figure 1. It is shown that in external
curing water is only able to penetrate several mm into low water to cement ratio concrete, whereas internal
curing enables the water to be distributed more uniformly across the cross section. Based on this formal de-
velopment of concept, later studies were made to investigate effect of internal curing through the use of light
weight aggregate (Weber and Reinhardt, 1995, van Breugel and de Vries, 1998, Bentur et al., 1999). After
those years, other potential materials that could perform as internal water reservoirs, such as superabsorbent
polymers (SAP) (Jensen and Hansen, 2001, Jensen and Hansen, 2002) and pre-wetted wood fibers (Mohr et
al., 2005) were also investigated. Since now a number of studies have been conducted in the field of internal
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curing to have a better understanding on its theory, establishing guidance to implement internal curing in
practice, material behavior and influence on performance of concrete, present application and future explora-
tion of the concept. Though the process of entering from research area to practical application was not fast but
effective introduction of internal curing into concrete technology was made successfully in recent years.

External water
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Figure 1. Illustration of the difference between external and internal curing (Castro et al., 2010)

2.1 Theory

In cement water reaction, crystalline and gel hydration products form in which incorporated water usually oc-
cupies less space than in its bulk form. Hence hydration and pozzolanic reactions are followed by a net chem-
ical shrinkage and before setting is occurred, this chemical shrinkage will result into an equivalent physical
shrinkage of the three-dimensional microstructure (Barcelo et al., 1999, Sant et al., 2009). However, after set-
ting is taken place and a finite resistance to deformation is developed, partially filled pores will be created
within the microstructure due to this chemical shrinkage. Consequently in the absence of an additional source
of water it will produce a self-desiccation (Lura et al., 2009).

The relation between capillary pressure created by pore solution menisci remaining in partially filled pores
and surface tension is shown in equation (1) (Alberty and Daniels, 1980).

6 = (-2ycosO)/r (N

Where, ¢ = capillary pressure or stress, y = surface tension of the pore solution, 8 = contact angle, r = pore ra-
dius. It is observed from the relation that capillary stresses can be reduced either by reducing the surface ten-
sion of the pore solution with a shrinkage-reducing admixture (Shah et al.,1998) (Bentz et al., 2001), or by in-
creasing the size of the pores being emptied by providing sacrificial reservoirs of water in larger scale pores
within the microstructure, for example with internal curing.

At the same time shrinkage of the microstructure will be produced by this capillary pressure which can be
measured by equation (2) (Mackenzie, 1950, Bentz et al., 1998).

e=(6S/3)[(1/K)-(1/Ky)] (2)

Where, € = measured linear strain, K = bulk modulus of the porous material, Ks = modulus of its solid
backbone, S = level of saturation in the pore space (0 to 1). If these autogenous stresses and strains become
considerable enough, early-age cracking may occur that will hinder the anticipated design and service life of a
concrete structure.

So internal curing can be applied to reduce autogeneous stress and strains which provides a source of read-
ily available additional water and thus keep the hydrating cement paste saturated. This additional water will
also aid the process of hydration of the cement and pozzolans in the mixture.
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2.2 Studies on evaluating influence of internal curing on concrete performance

An experimental study was made on prevention of autogenous deformation of cement pastes and concrete
with low water/binder ratios, by internal curing using super-absorbent polymer particles (Igarashi and Wata-
nabe, 2006). Significant amount of reduction in autogeneous shrinkage was achieved though complete reduc-
tion was not always possible. The degree of hydration at long ages was slightly increased by introducing SAP
while at early age was not increased. It was observed that in case of dense microstructure volume protected
by the internal water was reduced. Again integration of SAP adversely reduced the strength of the cement
pastes and the concretes. So optimum selection of size and amount of SAP are required for more efficient
prevention of autogenous shrinkage is hence important. Another study was performed to observe the effects
of internal curing done by super absorbent polymers (SAP) on material properties of self-compacting fibre-
reinforced high performance concrete (Mechtcherine et al., 2006). The investigation was made for construc-
tion of a thin-walled structure without conventional steel reinforcement. The results of the investigation dis-
play that rheological properties of fresh concrete does not change negatively upon adding SAP if extra water
is added for the purpose of internal curing. Autogenous shrinkage after setting was strongly reduced by the in-
ternal curing, while drying shrinkage increased. A slight decrease in the compressive strength, tensile strength
and flexural strength was observed for the investigated HPC due to the addition of SAP and extra water. A
study on mitigating autogenous shrinkage in HPC by internal curing using superabsorbent polymers was per-
formed (Pierard et al., 2006). Drying shrinkage and autogenous shrinkage tests were performed from the first
hours after casting. The effects of different amounts of SAP on the properties of concrete are presented and
discussed. Finally, the effectiveness of this internal curing method to mitigate autogenous shrinkage in HPC
is compared to that of more conventional methods using other chemical admixtures, such as an expansive
agent and a shrinkage reducing admixture. A study on internal curing of High Performance Blended Cement
Mortars in terms of autogenous deformation and compressive strength development was performed (Bentz,
2007). Measured mortar cube compressive strengths for various mixtures cured under sealed conditions for si-
lica fume and fly ash are presented in the paper. The influence of SAP on compressive strength is also de-
pendent on mixture proportions. Hasholt et al. have measured compressive strengths of concretes with differ-
ent w/c and different levels of SAP addition (Hasholt et al., 2010). An extension of this study (Hasholt et al.,
2010), considered the elastic moduli of these same mixtures. To better understand the influence of curing
conditions on compressive strength, Golias examined four mortar mixtures with w/c of 0.3 or 0.5 (Golias,
2010). A reduced elastic modulus can also be related to the reduction in cracking potential (Weiss et al., 1999,
Shah and Weiss, 2000, Shin et al., 2011, Raoufi et al., 2011). Reducing the elastic modulus has a beneficial
influence on reducing the residual stress due to restraint as a function of time. Raoufi et al. conducted a series
of simulations to better understand the influence of reduced stiffness on early age cracking potential (Raoufi
etal., 2011).

For new generation high performance and ultra high performance concretes, early age autogenous defor-
mations and self-desiccation are identified as major problems. To overcome the problems, dispersed saturated
lightweight aggregates (LWAs) were also studies to use as water reservoirs. The influence of light weight ag-
gregates on internal curing and fracture of concrete was studied (Ackay and Tasdemir, 2006) and experiments
have been conducted to determine the effects of volume fractions and the size of saturated LWASs on fracture
and mechanical properties of concrete. For this purpose, in concretes prepared with a constant low water to
cement ratio, normal aggregates have been replaced by natural LWAs with two different size fractions at
three different volume fractions of the total aggregate volume of concrete and the effects of volume fraction
and average particle size of LWASs on the load-displacement at mid-span curve are investigated by measuring
the fracture energy, the characteristic length, and final displacement. In addition, the nearest surface distribu-
tion of LWAs is investigated using the image analysis, and its effects on the autogenous deformation and the
fracture properties are determined. The results imply that the inclusion of fine fraction of LWAS in concrete
reduces the autogenous deformation significantly compared to that of the coarse fraction. It is also shown that
the fracture energy, final displacement at the mid-span curve of the beam, splitting tensile strength and com-
pressive strength of concrete with fine fraction are higher than those of the concrete with coarse fraction.
Within the limits of this work, it is demonstrated that the distance between LWAs is more effective than the
mean particle size of LWASs on both the autogenous deformation and fracture properties of concretes. Increas-
ing the replacement ratio of LWAs mitigates autogenous deformation, while having an unfavourable effect on
fracture and mechanical properties of concrete for both fine and coarse fraction replacements. A study on ef-
ficiency of internal curing with water-saturated lightweight aggregates in terms of autogenous shrinkage re-
duction was conducted (Kovler and Bentur, 2006). Also effects of internal curing on compressive strength
were discussed.

Recently, studies have been conducted to compare the plastic shrinkage and cracking tendencies of con-
cretes with and without internal curing (Henkensiefken et al., 2010). In addition, tests were performed to
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measure the settlement and evaporative weight loss of concrete slabs (Henkensiefken et al., 2010). Also tests
were performed to measure the settlement and evaporative weight loss of concrete slabs (Henkensiefken et
al., 2010). Probability distribution of crack width occurrences in concrete with different replacement volumes
of pre-wetted LWA was investigated (Henkensiefken et al., 2010). A conceptual illustration of the role of wa-
ter-filled lightweight aggregate at the surface of a concrete exposed to drying immediately after placement
was presented in a study (Henkensiefken et al., 2010). A study based on w/c=0.30 ordinary portland cement
mortars with a constant volume fraction of sand (normal weight and LWA) of 55 %, both with and without in-
ternal curing is considered (Raoufi et al., 2011). In this case, internal curing was done by various replacement
levels of two different LWAs (LWAK and LWAH). Few studies concerning creep of systems with internal
curing have been conducted. Lopez et al. have examined the creep behavior of w/cm=0.23 high performance
concretes with and without internal curing, contrasting the performance of using pre-wetted vs. dry LWA
(with additional water added to the mix to account for the expected absorption by the dry LWA) (Lopez et al.,
2008). By maintaining a higher and more uniform RH through the thickness of a concrete member, internal
curing may provide the additional benefit of a reduction in curling/warping. Wei and Hansen have observed
that during a drying time of 16 d, warping was reduced by 70 % by incorporating internal curing into a
w/c=0.45 concrete (Wei and Hansen, 2008). Neithalath et al. examined the role of moisture gradients on ear-
ly-age cracking potential (Neithalath et al., 2005). Influence of internal curing on restrained shrinkage and
cracking for mixtures containing a Class C fly ash was studied (Varga et al.). Further influence of internal
curing on the residual stress development and reserve stress capacity was also studied. (Schlitter et al., 2011).
The temperature change permitted before cracking occurs in mortars with w/c=0.3, illustrating a benefit of in-
ternal curing was presented in a study (Schlitter et al., 2011). A study was performed on absorption and de-
sorption properties of fine lightweight aggregate for application to internally cured concrete mixtures (Castro
et al., 2011). Mixture proportion development for mixtures containing materials used for internal curing re-
quires the specific gravity, water absorption, and water desorption characteristics of the aggregate. This re-
search measured the time-dependent water absorption response for the lightweight aggregate. Different stud-
ies on developing methods of internal curing were performed. Replacement of normal weight aggregates
(NWAs) by LWAs on a volume basis was studied (Bentz et al., 2005). An estimate for the expected water
travel distance can be obtained by equating the projected water flow rate to the value needed to maintain satu-
ration in the surrounding cement paste at its current rate of hydration. A web-based form for performing this
estimate, based on extending the analysis first developed by Weber and Reinhardt (Weber and Reinhardt,
1999), is available at the NIST internal curing web site.

A several research works also have been taken place in order to achieve a detail idea on water action or lo-
cal water distribution during internal curing process. The use of magnetic resonance imaging to analyze inter-
nal moist curing in high-performance structural lightweight concrete containing saturated lightweight aggre-
gate was studied (Barrita et al., 2004). The microstructure of high performance blended cement mortars
with and without internal curing has been examined using scanning electron microscopy by Bentz and Stutz-
man (Bentz and Stutzman, 2008). Another investigation on the release of internal curing water from light-
weight aggregates in cement paste by neutron and X-ray tomography was performed (Trtik et al., 2011). The
results imply that the water for internal curing releases relatively fast and is distributed fairly consistently
from the LWA for at least 3 mm within the hydrating cement paste.

2.3 Practical application

In recent years internal curing has been applied in a variety of concrete mixtures for diverse applications. This
technique has successfully been employed in construction of different structures including bridge decks,
pavements, transit yards, and water tanks. In figure 2 and figure 3 two practical cases of using internal curing
in practice are shown.

Figure 2. Internally cured concrete being cast at Bartell Road in New York
(Wolfe, 2010)
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Figure 3. Internally cured concrete bridge deck being cast near Bloomington, IN (Di Bella, Schlitter, & Weiss, 2010)

To present a few effective applications of internal curing, large railway transit yard constructed in Texas,
bridges in New York, Ohio, and Indiana and two bridges cast in close proximity in Monroe Co., IN, just out-
side of Bloomington, in September of 2010 can be mentioned. Moreover the observations made during and
after the constructions show an elimination of plastic and drying shrinkage cracking, a reduction in concrete
unit weight that may result into reductions in fuel requirements and equipment wear and an increase in con-
crete strength in few cases. Also form the crack surveys made during the instant no or hardly a very few crack
has been noticed.

3. PROSPECT FOR BANGLADESH

The benefits of internal curing are increasingly important in technical point of view when supplementary ce-
mentitious materials, (silica fume, fly ash, metokaolin, calcined shales, clays and slates, as well as the fines of
lightweight aggregate) are included in the mixture. It is well known that the pozzolanic reaction of finely di-
vided alumina-silicates with calcium hydroxide liberated as cement hydrates is dependent upon the availabil-
ity of moisture. Additionally, internal curing provided by absorbed water minimizes the plastic shrinkage due
to rapid drying of concretes exposed to unfavorable drying conditions.

In Bangladesh perspective internal curing has a wide prospect. Due to the unavailability of modern equip-
ments and unskilled labor, curing process cannot be achieved properly in this country. Now a day the level of
ground water table is going down rapidly. If water is to be purchased and carried for construction works, the
cost of construction goes much higher. The concreting works done relatively at great heights and in sloped
roofs, curing is very difficult. Where thickness of concreting is larger, the percolation of water in the con-
crete, especially in case of high strength concrete is difficult. Therefore, internal curing can be a desirable so-
lution for removing all these constrains.

The use of lightweight aggregate provides strategies to enhance cement hydration, improve the energy per-
formance of structures, reduce life-cycle costs and reduce costs of material transport and construction. Also
lightweight concrete is more fire resistant than ordinary normal weight concrete because of its lower thermal
conductivity, lower coefficient of thermal expansion. The use of LWA lowers the thermal conductivity of
concrete and provides significantly better insulating qualities for thermally sensitive applications such as
cryogenic applications or high temperature petroleum storage structures. Reducing the concrete density in-
creases its thermal resistance.

Traditional curing needs lot of water in dry weather which needs power to pump this amount of water.
Bangladesh is facing high power shortage; in addition with that some areas of Bangladesh are facing the prob-
lem of water shortage as well. In this point of view again internal curing is advantageous than traditional cur-
ing. Another important issue is that the availability of the light weight aggregates in Bangladesh. There is no
proper waste material (broken ceramic and wooden fiber) collection system in Bangladesh. This waste may
be used as the light weight aggregate as water absorbing agent in internal curing. In this way waste material
will get added economic value which will lead the proper collection system of these waste materials and use
of these cheap aggregate will reduce the construction cost.

Construction requires transportation. And there is a direct correlation between transportation, weight and
environmental impact. Transportation requirements are directly related to weight and demonstrate an eco-
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nomic and environmental advantage when using lightweight aggregate in precast, ready-mix concrete and
masonry. Transportation cost savings were seven times greater than the additional cost of lightweight aggre-
gate used to reduce the concrete density ( Ries et al., 2010) Fewer trucks in congested cities are not only an
environmental necessity but will also generate fewer public complaints.

Considering environmental impact, existing curing practice in Bangladesh, aim of developing high
strength or high performance concrete using local aggregate and eliminating significant shrinkage, application
of internal curing can be an effective choice in concrete practice. Before applying into practice it is desirable
to test concrete strength, shrinkage and durability parameters in case of internal curing.

4. CONCLUDING REMARKS

Internal curing has been discussed as an added advantage in concrete research. It has wider prospect in Bang-
ladesh and it is possible to get benefit from the internal curing instead of traditional external curing. Light
weight aggregate are normally used in concrete for the internal curing which are available, cheap and easy to
transport in this country. It has a significant contribution in shrinkage reduction, enhancing durability, sus-
tainability and hence improving overall concrete performance. It can aid the construction process
economically resulting into effective resource utilization. Also considering environmental impact analysis this
technique is found as a desirable one. Additionally introduction of internal curing can open doors for
recycling and use of other potential materials. In this regards, internal curing is expected to be beneficial in
many fold. So a broad analytical and experimental study can be conducted to explore the prospect of internal

curing in Bangladesh.
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