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ABSTRACT

This paper investigates the creep and shrinkage behaviour of normal strength concrete in the
Malaysian environment. The tests carried out were creep test and shrinkage test. The grades ofnormal
strength concrete used in this test were grade 25 and grade 30. The testing was performed in a
condition of 80% relative humidity and temperature of 27 'C to represent the Malaysia environment
condition. The creep was measuredfrom the age ofconcrete loaded at 7 days with stress/strength ratio
of 30%. The creep tests were performed in accordance with ASTM C512-87. Results showed thatfor
grade 30 concrete, there was no significant difference in shrinkage between two maximum aggregate
sizes as compared to grade 25 concrete. However, there was significant difference in creep between
two maximum aggregate sizes for grade 30 concrete. Results also indicated that the higher shrinkage
and creep were obtainedfor grade 30 concrete. The maximum aggregate size and cement content were
found to influence the shrinkage and creep in this study.
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Introduction

Concrete is the most widely used material in construction and forms the basis of modem society. Even
with the development of high strength concrete to match the increasing height of buildings, the normal
strength concrete is still a highly versatile material used in construction. It is important to understand
the behaviour and properties of concrete include the time-dependent deformations due to creep and
shrinkage. Numerous studies about the prediction of creep and shrinkage of normal strength concrete
have been reported for example, by Bazant and Baweja (1994), Ojdrovic and Zarghamee (1996) and
Kovler (1997). However, little has been done with reference to the Malaysian environment. The creep
value recommended by MS 1995 is total adoption of BS 8110. Therefore the creep value
recommended by this code of practice is with reference to the United Kingdom environment. This
circumstance generates some uncertainties as to whether these values given by the code of practice are
applicable to the concrete in the Malaysian environment.

Creep Deformation of Concrete

The increase in strain in concrete with time under a sustained stress is termed creep (Gambhir, 1995).
As illustrated in Figure 1, if a specimen is drying while under load, it is usually assumed that creep and
shrinkage are additive; creep is thus calculated as the difference between the total time-deformation of
the loaded specimen and the shrinkage of a similar unloaded specimen stored under the same
conditions through the same period (Neville, 1995). Creep and shrinkage however are interrelated
because the strain-time curves are very similar and parameters affecting creep also affect shrinkage and
there are related to the hydrated cement paste. Creep is often described in terms of the creep coefficient
which is a ratio of creep to the elastic deformation on loading (Neville, 1995). Specific creep allows
creep to be compared for different concrete specimens loaded at different stress levels; a typical value
being 150 x 10-6/MPa (Mindess et a!., 2003).

There are two types of creep as suggested by Neville (1995). Basic creep is a phenomenon
occurring under conditions of no moisture exchange with the ambient medium (Le. a condition of
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the rate of creep is progressively reduced as the load is transferred from the viscous to the inert
material.

Factors influencing creep have been found to include stress and strength, concrete
composition, water/cement ratio, curing history of the concrete, types of aggregate, ambient relative
humidity and size of specimens.

Shrinkage Deformation of Concrete

Shrinkage is defined as an increase or decrease in a linear dimension of a test specimen that has been
caused by any factors other than externally applied forces and temperature changes (ASTM C341,
1992). Shrinkage in concrete results when there is a gradual change in volume with a change in its
adsorbed and intracrystalline water caused by drying out of concrete after casting (Akroyd, 1962).
Shrinkage can be classified as plastic shrinkage and drying shrinkage. Plastic shrinkage is the
contraction of concrete due to loss of water by evaporation and suction while the concrete is still in its
plastic state (Akroyd, 1962). Drying shrinkage is a term generally reserved for hardened concrete
where it represents the strain caused by the loss of water from the hardened material (Mindess et aI.,
2003). Han and Lytton (1995) considered drying shrinkage is strictly associated with moisture
movement in concrete with water potential being the driving force for the moisture movement. There
are two types of drying shrinkage. Autogeneous shrinkage occurs due to a process known as self
desiccate and it will only occur in a sealed or in dense concrete. Carbonation shrinkage occurs when
hydrated cement reacts chemically with atmospheric carbon dioxide. It is greatest when carbonation
occurs after drying rather than during drying except at low humidity (Mindess et aI., 2003).

Mechanism and Factors Influencing Shrinkage

The three major shrinkage mechanisms are surface tension, disjointing pressure and hydrostatic tension
in a capillary pore (Young 1982, Vos 1971, Nilson 1980). Surface tension or surface free energy
depends on the amount of adsorbed water. Disjoining pressure is a pressure developed in a narrow
place where adsorption is hindered. Hydrostatic tension is a pressure developed in a capillary pore
when menisci are formed due to lost of water (Han & Lytton, 1995).

Factors influencing shrinkage have been found to include cement composition, aggregates,
water/cement ratio, size and shape of specimens, curing regime and relative humidity.

General Climate of Malaysia

Malaysia lies near the Equator between the latitudes of 1° and 7° North and longitudes 100° and 119°
East. Malaysia's climate is hot and humid all year round and the climate is dominated by the effect of
two monsoons or "rainy seasons", which affect different parts of Malaysia to varying degrees. The
temperature averages from 70° to 90° F (21-32°C) throughout the year. The annual variation is less
than 2°C except in the east coast areas which are often affected by the North-East monsoon. Malaysia
has high relative humidity ranging from 70% to 90% except in the highlands compared to UK with
relative humidity ranging from 45 to 85 per cent for indoor and outdoor exposure (BS 8110: Part
2: 1985). The range of mean monthly relative humidity of Malaysia varies from a minimum of 3% to a
maximum of about 15% for any specific area.
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