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Abstract

Factors influencing autogenous shrinkage of lightweight aggregate concrete, such as the type, moisture content, and unit quantity of arti-
ficial lightweight aggregate, have been studied experimentally. It was found that the autogenous shrinkage of concrete is reduced by using
lightweight aggregate and that the autogenous shrinkage of lightweight aggregate concrete decreases with increasing moisture content and
unit quantity of lightweight aggregate. These observations suggests that water lost internally by self-desiccation of cement paste is replaced
by moisture from the lightweight aggregate. © 1999 Elsevier Science Ltd. All rights reserved.

Keywords: Autogenous shrinkage; Lightweight aggregate; Moisture content of aggregate; Self-dessication

In recent years, lightweight aggregate concretes with
high strength or high workability have been widely devel-
oped [1,2]. This type of concrete has a low water-to-binder
ratio or a large quantity of binder. The autogenous shrink-
age of this concrete is expected to increase, because previ-
ous research on cement paste or normal aggregate concrete
demonstrated that autogenous shrinkage increases with de-
creasing water-to-binder ratio and with increasing quantity
of binder [3,4]. However, it is possible that the autogenous
shrinkage of lightweight aggregate concrete is greatly influ-
enced by moisture in the lightweight aggregate, because the
water absorption of lightweight aggregate is larger than that
of normal aggregate. The amount of moisture in lightweight
aggregate varies, depending on storage, prewetting, and
pumping. Hence, it is necessary to understand the relation-
ship between the moisture content of aggregate and autoge-
nous shrinkage of concrete.

Further, new types of artificia lightweight aggregate
with superior water absorption properties have been devel-
oped [5,6]. These lightweight aggregates have created con-
siderable interest in recent years, because their application
improves the workability, strength, and resistance to freez-
ing and thawing of lightweight aggregate concrete. In this
study, the autogenous shrinkage of concrete containing this
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type of lightweight aggregate was chosen as one of the re-
search topics.

Few studies have been carried out on the autogenous
shrinkage of lightweight aggregate concrete. A comprehen-
sive understanding of the effects of lightweight aggregate
on autogenous shrinkage is still lacking. Hence, the objec-
tive of this study is to understand the effects of type, mois-
ture content, and volume concentration of lightweight
coarse aggregate on autogenous shrinkage.

1. Concrete materials
The concrete materials used for this study are asfollows.

Cement (C): A Japanese high-early-strength Portland ce-
ment (with specific gravity of 3.15 and specific sur-
face area of 4490 cm?/g) was used.

Admixtures. A polycarbonate type of superplasticizer
and a modified akylcarbonate type of air-entraining
agent were used.

Fine aggregate (S): Crushed sand (with specific gravity
in saturated and surface-dry conditions of 2.62, water
absorption of 1.63%, maximum size of 5.0 mm, and
fineness modulus of 3.07) was used.

Coarse aggregates (G): Three different artificial light-
weight aggregates and a crushed stone aggregate were
used. The physical properties of these aggregates are
givenin Table 1. The first lightweight aggregate (LA)
is a crushed and coated type made from expanded
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Tablel
Physical properties of coarse aggregate used for this study

Type LA HLA1 HLA2 CS

Specific gravity in oven-dry condition 127 117 0.94 2.62
Water absorption (vol %)

By immersing for 24 h 223 4.42 4.79 194

By boiling for 2 h 354 9.67 870 —
Maximum size (mm) 15 15 15 15
Fineness modulus 6.47 648 6.40 6.51

shale. This type of lightweight aggregate is the most
commonly available in the Japanese market. The next
two aggregates are high-performance lightweight ag-
gregates (HLA), which we recently developed. These
are pelletized and coated lightweight aggregates made
from finely ground perlite powder, a binder, and a
gas-forming agent. HLA was produced by thorough
mixing of the powder materials, followed by dense
pelletization using a granulating machine and heating
in arotary kiln (the pellets sinter at about 1000°C and
then are expanded at about 1100° to 1200°C). The
specific gravity of HLA can be freely controlled by
the heating conditions. In this study, two types of
HLA with different specific gravitieswere used. From
Table 1, it can be noted that HLA has an extremely
low water absorption. This is because the surface is
coated perfectly and the interior consists of closed mi-
crocells.

2. Mixture proportions

The mixture proportions for the concrete are summarized
in Table 2. In all of the concrete mixtures, the unit water
content and unit cement content were fixed and the water-to-
cement ratio was 32%. The factors influencing autogenous
shrinkage were the type, moisture content, and unit quantity
of coarse aggregate. Four different types of coarse aggre-
gate were used with different moisture contents: dried abso-
lutely, immersed for 24 h, and boiled for 2 h. The unit quan-

Table2
Mixture proportions
G Air
Moisturecontent  Unit content a Slump content
No. Type (vol %) (L/m?3) (%) (cm) (%)
1 LA  223(Immersed) 350 433 17 55
2 0.00 (Oven dried) 155 46
3 35.4 (Boiled) 18 49
4 HLA1 4.42(Immersed) 320 482 12 5.6
5 380 385 18 4.4
6 350 433 125 52
7 0.00 (Oven dried) 18 46
8 9.67 (Boiled) 12 48
9 HLA2 479 (Immersed) 350 433 14 5.7
10 CS 1.94 (Immersed) 350 433 125 41

32% wic; 166 kg/me water content; 518 kg/m® cement content.
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Fig. 1. Concrete specimen in the casting mold.

tity of coarse aggregate was controlled at 320, 350, and 380
L/mé. Slump was 15 + 3 ¢m and air content was 5.0 % +
1.0%. These were controlled by the dosages of superplasti-
cizer and air-entraining agent.

3. Measurement of autogenous shrinkage
3.1. Length change of specimen up to 24 h after casting

Fig. 1 shows the specimen in the casting mold. Polysty-
rene board and a polytetrafluoroethylene (Teflon) sheet
were put on the inside surface of the steel mold (10 X 10 X
40 cm) so that movement of the specimen was free and un-
restrained by the mold. The specimens were wrapped in
polyester film to prevent water evaporation from the surface
of the specimen. The specimens were stored at a room tem-
perature of 20°C. After the initial setting time, the autoge-
nous shrinkage was measured by a strain gauge (with a
modulus of elasticity of 39 MPa and alength of 10 cm) and
a thermocouple embedded in the specimen. The measure-
ments were corrected for thermal strain due to hydration, by
assuming that the coefficient of linear thermal expansion is
10 x 107%/°C.

3.2. Length change of specimen after removal
of themold at 24 h

All specimens were sealed by adhesive aluminum tape
immediately after removal of the molds and stored in a
room at a temperature of 20°C and a relative humidity of
60%. Changesin the length and mass of the specimens were
measured. The mass changes of all specimens were less
than =0.01% during this test. This observation means that
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Fig. 2. Effect of type of coarse aggregate on autogenous shrinkage.
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Fig. 3. Effect of lightweight aggregate moisture content on autogenous shrinkage for (A) HLA1 and (B) LA.

water hardly evaporated or permeated through the surface
of specimen.

4. Results and discussion

4.1. Effect of type of coarse aggregate on
autogenous shrinkage

The autogenous shrinkage of specimens using LA,
HLA1, HLAZ2, and CS immersed in water for 24 h are
shown in Fig. 2. The specimen containing LA (with amois-
ture content 22.3 vol%) swelled rapidly until the age of 1
day. The autogenous expansion then remained stable at
about 180 X 1076. Two specimens containing HLA1 (with
a moisture content of 4.42 vol%) and HLA2 (with a mois-
ture content of 4.79 vol%) showed similar volume changes.
The specific gravity of HLA has a very small influence on
autogenous shrinkage. Using HLA, the autogenous shrink-
age increased consistently with age and reached about 300 X
1076 after 90 days. The autogenous shrinkage of CS con-
crete was about 430 X 1078 after 90 days and was larger
than that of all of the lightweight aggregate concretes.

4.2. Effect of lightweight aggregate moisture content on
autogenous shrinkage

The autogenous shrinkage of specimens containing
HLA1 and LA with varying moisture contents is shown in
Fig. 3. The specimen containing boiled HLA1 (with amois-
ture content of 9.67 vol%) did not shrink at al. The autoge-
nous expansion remained stable at about 50 X 1076 until 90
days. Autogenous shrinkage was greatest for the specimen
containing absolutely dry HLAZL; greater than that for the
specimen containing immersed HLA 1 (with a moisture con-
tent of 4.42 vol%). In short, autogenous shrinkage decreases
with increasing moisture content of HLA1. The specimen
with absolutely dry LA, in contrast to the specimen with ab-
solutely dry HLAL, swelled slightly during the early stages,
but then begin to shrink after 5 days. The autogenous
shrinkage reached about 100 X 10~° after 90 days. The per-
meability of LA ishigher than that of HLA, asshownin Ta
ble 1. When LA was absolutely dry at the time of mixing, it

rapidly absorbed mixing water until the end of initial set-
ting. Thisresulted in the slight expansion that was observed
at an early age. However, when boiled or immersed LA was
used, shrinkage was not observed. The amount of expansion
up to 1 day was largest for boiled LA, but the volume
change after 1 day was almost equivalent to that for using
immersed LA. This result means that prewetting of LA (re-
cently LA has scarcely been used without prewetting, be-
cause prewetting facilitates mixing and handling) has a ma-
jor influence on autogenous expansion at the early age.

From Fig. 3, it can be noted that the autogenous shrink-
age of LA concrete is generally smaller than that of HLA
concrete. Autogenous volume change of lightweight aggre-
gate concrete is related directly to the permeability and ad-
sorption capacity of the aggregate. These properties of light-
weight aggregate are dependent on the continuity of the
aggregate pores.

4.3. Effect of unit quantity of lightweight aggregate on
autogenous shrinkage

Fig. 4 shows the relationship between the unit quantity of
HLAZ1 and autogenous shrinkage. For the specimen with a
unit quantity of 320 L/m3, shrinkage was observed at the
end of initial setting. However, the specimens with unit con-
tents of 350 and 380 L/m? swelled dightly during the early
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Fig. 4. Effect of unit quantity of lightweight aggregate on autogenous
shrinkage.
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stages. For the specimen with a unit content of 380 L/m?,
shrinkage did not occur until the specimen had aged for 1
day. With increasing unit quantity of HLA 1, the autogenous
shrinkage is observed at a later age and the amount of
shrinkage after 60 days is decreased. From this observation,
it was concluded that the autogenous shrinkage can be reduced
by increasing the unit quantity of lightweight aggregate.

4.4. Autogenous shrinkage mechanism of lightweight
aggregate concrete

The important findings in this study are that (1) the au-
togenous shrinkage of concrete is reduced by using light-
weight aggregate, and (2) the autogenous shrinkage is de-
pendent on type, moisture content, and unit quantity of
lightweight aggregate. These points should be explained by
the redistribution of water based on autogenous shrinkage
mechanism.

The space originally occupied by cement particles and
water is gradually replaced by the space filled by hydration
products. The space not taken up by the solid components
such as the unhydrated cement particles or the hydration
products consists of capillary pores. At the early stage of
hardening, most of the capillary pores and most of the light-
weight aggregate particles are fully saturated with water. As
the hydration reaction progresses, the capillary water is con-
sumed to form new and fine capillary pores. However, the
internal relative humidity in the capillary pores is not low-
ered due to a continuous supply of moisture from light-
weight aggregate particles. As a result, the cement paste
does not shrink. As Fig. 2 shows, the autogenous shrinkage
of lightweight aggregate concrete is smaller than that of
normal concrete. The reduction of autogenous shrinkage of
lightweight aggregate concrete is because water lost inter-
nally by self-desiccation of the cement paste is immediately

replaced by moisture from the lightweight aggregate. As
Figs. 3 and 4 show, the autogenous shrinkage of lightweight
aggregate concrete is observed at alater age and decreases
with increasing moisture content and unit quantity of light-
weight aggregate. This is because a larger amount of mois-
tureis able to be supplied to the desiccated capillaries.

The results of this study suggest that an aggregate with a
large absorption capacity, such as lightweight aggregate or
recycled aggregate, can reduce the autogenous shrinkage.

5. Conclusions

The autogenous shrinkage of concrete using three differ-
ent artificial lightweight aggregates has been measured. The
main results obtained are as follows:

1. Autogenous shrinkage of lightweight aggregate con-
crete is smaller than that of normal concrete.

2. Autogenous shrinkage of lightweight aggregate con-
crete is related directly to the permeability and ad-
sorption capacity of the aggregate.

3. Autogenous shrinkage of lightweight aggregate con-
crete decreases with increasing moisture content and
unit quantity of lightweight aggregate.
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