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ABSTRACT

Self-desiccation occurs in all types of concrete due to the chemical
shrinkage that takes place when water is attached to the cement. In
High Performance Concrete the low porosity makes the effect of
self-desiccation much more pronounced. This paper presents a
summary of a Nordic Seminar on Self-Desiccation in Concrete
held in Lund. For this purpose aspects of mix design, curing
conditions, desiccation, micro-cracking, self-stresses, shrinkage
and frost resistance related to self-desiccation are detailed. Initially
a background is given on the principal effects of self-desiccation.
This Nordic Seminar took place in Lund on 10 June 1997.
Keywords: Autogenous shrinkage, Chemical Shrinkage, Frost
resistance, High Performance Concrete, Hydration, Internal
relative humidity, Moisture, Self-desiccation, Selfstresses.

1.

INTRODUCTION

1.1 High Performance Concrete
Prestressed High Performance Concrete (HPC) with water-cement ratio, w/c < 0.38, has been
used in Sweden since 1948 for the fabrication of water pressure pipes. The Swedish invention
was also licensed abroad in more than 100 factories. The pipes exhibit superior durability
compared with pipes made of normal strength concrete. Besides pipes, columns for electrical
power lines and self-desiccating concrete slabs (more than 1 million square metres used to
date) became the first large applications of HPC in Sweden. Self-desiccation is studied during
moisture-insulated conditions (constant weight) and at constant temperature conditions. No
exchange of moisture takes place to or from the concrete specimen during the test period.

1.2 Self-desiccation
The fundamental cause of self-desiccation is the chemical shrinkage that takes place during
hydration of water to cement. As compared with the specific volume of water in the capillary
pores the specific volume of the hydrated water in the gel of concrete is reduced by about
25%. Due to the decreased size of the capillary pores especially at low w/c < 0.38, the effect of
self-desiccation becomes more pronounced for HPC. Self-desiccation influences the properties
of the young concrete as well as the long-term behaviour of the concrete, i.e. deformations
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caused by self.:.generated stresses, stability and durability (frost resistance and corrosion).
Concrete with low w/c deforms even with sealed curing owing to self-desiccation, free of
imposed stresses (autogenous shrinkage). Silica fume concrete exhibits a very low long-term
increase of the compressive strength due to self-desiccation, which may influence the long-term
stability and durability. Low internal relative humidity close to the reinforcement bars is a
favourable parameter related to self-desiccation and perhaps decreases the rate of corrosion.
The air-filled volume due to self-desiccation created by the chemical shrinkage clearly
improves the frost resistance of materials and structures. There is no significant effect of selfdesiccation in normal strength concrete (NSC), and it has thus little or no effect on the
properties of NSC or on NSC design. Low-w/c concrete has a shortage of water already from
casting compared with the amount required for the chemical reactions to come to an end. This
means that a pronounced self-desiccation takes place, which is an advantage for solving
problems with moisture in the concrete during the time of construction, i.e. the amount of
built-in moisture will be reduced since most of the moisture is consumed during the hydration
process. The mechanisms behind self-desiccation and the design criteria of the stresses that
occur in the concrete owing to the self-desiccation are largely unknown. One purpose of this
Nordic Seminar was to compile the available knowledge on self-desiccation and to edit a stateof-the-art report in the field related to self-desiccation in concrete. Another purpose was to
initiate new applications of HPC and new ways to estimate the effect of self-desiccation.

2.

MIX DESIGN - EFFECT OF W /C AND AIR CONTENT

Since the effect of self-desiccation was more generally applied in Finland and Sweden in order
to solve problems related to built-in moisture in the concrete during the time of construction,
intensive development of the mix design took place. Too high an amount of built-in moisture
caused additional costs as high as SEK 3 billion yearly in Sweden. A good part of this cost is
related to built-in moisture from concrete. The high moisture content in the pores of the
concrete affected adhesives or wood placed in direct contact with the concrete. One solution
to avoid built-in moisture problems for NSC is to increase the drying time, often as much as 1
year. However, owing to economic requirements this solution is not feasible. Another solution
is the use of HPC with very low content of built-in moisture. The initial development of the
mix design led to the conclusion that it was favourable to use air-entrainment and silica fume in
the concrete to make the self-desiccating HPC more workable /2/. The governing parameter in
mix design was the water-cement ratio, w/c, which should not exceed 0.38 if an internal
relative humidity, RH< 0.85, was required even under wet outer conditions such as rain or
snow /3-5/. If w/c was larger than 0.38 the time of desiccation of the concrete became very
long when the concrete was wetted at early ages, which was recently confirmed during a largescale field test, Figure 1 /6/. In Finland the effect of extreme air-entrainment has recently been
studied, up to 11 % air content /7/. However, w/c still had the largest effect on the selfdesiccation, Figure 2 /7 /. If the strength was held constant, the air-entrainment became
favourable since lower w/c was then required, Figure 3 /7/. Another demand was to lower the
amount of superplasticiser in the HPC, which was possible after use of an ideal grading curve
of HPC in the fresh state /8,9/. The high cost of the superplasticiser was a reason for the
required reduction. An ideal semi-linear logarithmic grading curve also improved the stability
of the air-entrainment / 10/.
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Figure 1. Development of RH in field tests of
125 mm floating concrete slabs /6/. Depth of
measurement: 50 mm. A= air curing; W= air
curing after water curing for 1 months.

3.

5

Figure 2. Internal relative humidity, RH, in
100 mm cubes versus time at varying watercement ratio, w/c, and air-entrainment. Raw
data from /7/.

EARLY CURING

Early drying desiccation from the surface of fresh concrete results in so-called plastic shrinkage
II II, which can be controlled by sealing or addition of moisture to the surface /12/. HPC is
more vulnerable owing to the lack of bleeding water and to a more pronounced early chemical
shrinkage compared with NSC /13/. Lately also water-based plastic solutions have been used in
order to control the plastic cracking due to early shrinkage /10/. If required, the surface with
the sealing solution may be ground away 1 or 2 days after the casting. As an alternative
additional water may be supplied to the surface by the channels of a special type of plastic
fleece /12/. Also the sides and the bottom of the formwork may be covered with fleece in order
to avoid possible surface drying through the formwork. Studies have shown that this method
of controlling the plastic shrinkage also improved the durability of the surface since the amount
of microcracking and the diffusivity decreased.
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4.

AUTOGENOUS SHRINKAGE

Autogenous shrinkage occurs when RH in a sealed concrete decreases due to the chemical
shrinkage that takes place when the water is attached to the cement during hydration /14/. The
relationship between RH and shrinkage was nearly linear, Figure 4 /15/. The aggregate in the
concrete restrained the shrinkage substantially compared with the free shrinkage that occurred
in cement paste. Since the autogenous shrinkage in low-w/c HPC is of the same order as the
drying shrinkage, the risk of cracking even of sealed structures must be prevented by suitable
working joints or by a sufficient amount of reinforcement. Use of prestressing may be an
alternative crack-controlling measure. However, most of the autogenous cracking occurs
within 3 months, which makes it possible for the contractor to repair any cracks within the
construction time. The magnitude of the autogenous shrinkage also was dependent on the type
of the cement /16/. Low-alkali cement causes less autogenous shrinkage than normal alkali
cement; a slowly hardening cement has less shrinkage than a normal cement /16/. Tests show
that the autogenous shrinkage in concrete with light-weight aggregate, L WA, perhaps 1s
eliminated /13/. L WA seemed to perform like a reservoir for water supply in the concrete.
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5.

SELF-GENERATED STRESSES

A large number of studies have been performed concerning the effect of autogenous shrinkage
on the self-generated stresses in concrete /13-18/. During the measurements of self-generated
stresses in HPC a stress rig with controlled length is most often used /13/. Owing to external
restraint, self-generated compressive stresses in reinforcement reaching as much as 40 MPa
have been observed in HPC /17/. In a most interesting method to m~asure the internal selfgenerated stresses in the cement paste, a porcelain ball with manganin wire around it is used
/19/. The manganin wire displayed changes in the pressure of the cement paste surrounding it.
Alternatively a mercury thermometer may be used cast in the concrete. Small volume changes
in the concrete are transferred to the mercury in the thermometer and then read as a change in
temperature /19/. Both types of detectors were first calibrated in oil subjected to hydraulic
pressure. Figure 5 shows self-generated stresses in cement pastes with w/c= 0.30 at different
amounts of silica fume /19/. The amount of silica fume is significant with regard to the
development ·of self-generated stresses in the concrete. This effect is in turn explained by the
pore distribution in the concrete. The pore distribution may be described as the degree of
saturation, So, related to RH, Figure 6 /14/. For example So= 0.83 gives RH= 0.90 in Portland
cement concrete but RH = 0.80 in concrete with 10% silica fume. According to the wellknown Kelvin equation, lower RH causes greater underpressure in the pore water and thus
also larger autogenous shrinkage.

6.

SURFACE MOISTURE AND VOLATILE EMISSIONS

Large volatile emissions from the adhesive between the concrete and a plastic carpet may
occur when the RH = 0. 90 both at the surface of the concrete and at the critical depth provided
that the concrete did not carbonate /20-23/, i.e. the concrete was cured with aluminium foil.
Due to the very dense structures of silica fume concretes, the available volume is less in silica
fume concretes than in Portland cement concretes with RH held constant, Figure 6 /14/. The
required degree of saturation to absorb the glue is more or less constant in silica fume
concretes and Portland cement concretes. For example, at a degree of saturation, So= 0.83, RH
= 0.90 is obtained in Figure 6. In concrete silica fume with 6% silica fume RH = 0.84
according to Figure 6. If adhesive and a plastic carpet are placed on a concrete with 6% silica
fume (at RH = 0.84 in the surface) the critical degree of saturation most certainly will be
exceeded, which explained the large volatile emissions /20-23/.
The solution to the problem is perhaps to create a free pore volume in the surface by drying,
with a volume that is large enough for the glue to be absorbed /24/. The required surface
drying time is about 1 month. During the surface drying time carbonation will also take place,
which substantially lowers the pH in the surface of the concrete, which is beneficial in order to
decrease the reactions with the adhesives /25/. In low-w/c HPC carbonation takes place
provided that no silica fume is used /26/. After two months of carbonation the volatile
emissions from a plastic placed with adhesives on concrete were reduced to one sixth
compared with emissions from a surface that did not carbonate before the adhesive was applied
/27/.
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Figure 5. Self-generated stresses in cement
pastes with w/c= 0.30 at different amounts
of silica fume /19/.

7.

0.85

Figure 6. Degree of saturation, S0 , versus
internal relative humidity, RH /14/.

FROST RESISTANCE

Even after several years water-cured HPC with low w/c maintains a very low internal relative
humidity, RH, due to self-desiccation, at least in the inner part of the concrete a couple of
centimetres from the surface /28/. The self-desiccation thus creates a free pore volume in HPC
where the ice may expand during freezing. (The total amount of water is also less in HPC than
in NSC, which also in turn increases the frost resistance.) Young HPC tolerates freezing at
earlier age than a NSC, Figure 7 /28/. Furthermore, the scaling from HPC with low w/c
seemed to be very small provided that no silica fume was used /28,27/. The scaling of silica
fume concrete shows the opposite after 30 cycles of testing. Perhaps the porosity of silica fume
concretes was altered, decreasing the available volume for ice to expand, cp. Figure 6 /14/.

8.

SUMMARY AND CONCLUSIONS

A Nordic Seminar on Self-Desiccation and Its Importance in Concrete Technology was held in
Lund on 10 June 1997. This article summarised the Seminar and gave some practical aspects
on the effect of self-desiccation. The following conclusions were drawn:
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The fundamental cause of self-desiccation was the chemical shrinkage that takes place
during hydration of water to cement.
The effect of self-desiccation was clearly observed in low-w/c concretes, i.e. in concrete
with w/c < 0.38.
Autogenous shrinkage, one effect of self-desiccation, was nearly linearly dependent on the
internal relative humidity, RH, ofHPC.
Autogenous shrinkage also caused self-generated compressive stresses up to 40 MPa in the
reinforcement in HPC.
Self-desiccation may have a beneficial effect on the frost resistance of Portland cement
based HPC (primarily given that no silica fume is used in the mix design).
Self-desiccation in concrete with low w/c decreased the risk of built-in moisture in
structures since a great part of the capillary water was hydrated to the cement.
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