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Abstract:

Concrete is a composite material, consisting, mainly, of three phases. coarse
aggregate, cement mortar, and the interface zone between them. The characteristics
of the interface zone largely govern the bond between cement paste or mortar and
aggregate. The restraining effect of aggregate to drying shrinkage strain depends
much on the bond between aggregate and cement paste.

In this paper, it is amed to investigate the effect of coarse aggregate
characteristics, that affect bond strength, such as; type, shape, surface texture, and
moisture content, on drying shrinkage. Four types of coarse aggregate were used.
Three of them were normal-weight, while the fourth was a light-weight one. Each
type of coarse aggregate was used in two moisture conditions, dry and saturated.
The testing program extended to 150-days age and comprised; length change,
modulus of easticity, compressive and splitting tensile strength of concrete.

It is conduded that using saturated coarse aggregate aways yieds higher
shrinkage strain than dry aggregate. The percentage increase seems to be affected
by the aggregate water absorption. At early ages, After 28 days, there is large
differences in relative shrinkage for different mixes. Later than 28 days, the
variation in ratios settled to approximately fixed values

Keywor ds: Coar se aggr egate, Compressive strength, Drying shrinkage, | nterface zone,
Limestone, M odulus of elasticity, Porcilinite, Splitting tensile strength, Surface
texture.
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Effect of Coarse Aggregate Characteristics
on Drying Shrinkage of Concrete
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1. Introduction:

Drying shrinkage of concrete is but a
fraction of that of neat cement as the
aggregate particles not only dilute the
paste but reinforce it againd
contraction . The aggregate would
restrain the amount of shrinkage that
can actualy be redized @. This
restraining effect depends much on
the bond between aggregate and
cement paste.

Considering concrete as a three-phase
composite material is an acceptable
description. These three phases are
coarse aggregate, cement mortar, and
the interface zone between them. The
characteristics of the interface zone
largely govern the bond between
cement paste or mortar and aggregate
®  The interface zone has higher
porosity than that of the bulk matrix.
Porosity is maximum near the
aggregate face and decreases towards
the bulk matrix. Bourdette et a. @
showed tha porosity is not constant
with time; it depends on the degree of
hydration. Moreover, the
water/cement retio at the interface is
higher than esewhere ®. Simeonov
and Ahmed © state that the influence
of this zone on oveal dastic
properties of concrete is strongly
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related to the water content and it
changes from negative to positive
with reduction of the water/cement
retio.

2. Resear ch Significance:

All the fectors that affect the bond
between coarse aggregate and cement
mortar would affect the restraining
action of aggregate and, in other
words, would affect the rate and
magnitude of drying shrinkage. It is
amed to investigate the effect of
coarse aggregate characteristics, that
affect bond strength, such as; type,
shape, surface texture, and moisture
content, on drying shrinkage.

3. Experimental Work:

The program of this work was
designed to investigate the effect of
coarse aggregate characteristics (type,
shape, surface texture, and moisture
content) on drying shrinkage of
concrete.  The materials used for
making concrete mixes were: Type |
Portland cement (I0S 5-1984) ©,
natural siliceous sand with 2.76
fineness modulus as fine aggregate
(10S 45-1984, Zone 2) @, and four
types of coarse aggregate. Three of
the coarse aggregates (limestone,
crushed and uncrushed gravel) were
normal-weight (I0S 45-1984). The
fourth type (porcilinite) was a light-
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weight one. The maximum size
(MSA) for al used aggregates was
19.0 mm. Table (1) shows the

properties and measured
characteristics of the used coarse
aggregates.

Table (2) displays the details of used
mixes. The proportioning was done on
volumetric basis and according to the
ACI Committee 211
recommendations (ACl 211.1-91 ©,
ACI 211.2-98 9. Each type of coarse
aggregate was used in two moisture
conditions, dry and saturated. In both
cases, the actual amount of needed
water to make the aggregate in
saturated surface-dry condition was
calcul ated.

Standardized procedures were used
for testing concrete  specimens
(100x100x400 mm prisms, 100x200
mm and 150300 mm cylinders). The
testing program was extended to 150-
days age. The conducted tests were as
follows:

1. Shrinkage strain or length change
(10S 54- 1989) 19,

2. Modulus of dasticity of concrete
(ISG 370- 1993) Y,

3. Compressive strength (ISG 348-
1992) ®2,

4, Splitting tensile strength (1SG 283-
1995) ®9,

The results of these tests are shown in
Table(3) and Fig. (laand b).

4. Results and Discussion:

4.1 Effect of Moisture Content of
Coarse Aggregate:

Table (3) shows that using saturated
coarse aggregate in the mix, aways
yidds higher shrinkage strain than is
dry aggregate. There about 10%
increase in drying shrinkage for al
mixes, except in uncrushed gravel.
The increase for uncrushed gravel was
about 3% and that could be resulted
from the low water absorption
(0.98%) and smooth surfaces which
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make no difference between dry and
saturated  condition. Using  dry
aggregate causeds the water/cement
ratio in the vicinity of the aggregate
partides to be less than dsewhere
because aggregate absorbed water to
reach saturated surface-dry condition.
The reduction in water content would
improve the bond between cement
mortar and aggregate and reduce the
interface zone poraosity and
microcracking @, and consequently,
increases the restraining action of
aggregate against drying shrinkage.
The same influence was observed
with respect to the dagticity modulus,
compressive, and splitting tensile
strength of concrete. For pordlinite
agoregate, the effect of moisture
content was more obvious on
dasticity modulus and splitting tensile
strength than other types.

4.2 Effect of Stiffness and Type of
Coarse Aggr egate:

Reviewing the development of drying
shrinkage with time that is shown in
Fig. 1a and 1b, it could be concluded
that mixes produced with pordlinite
have higher final shrinkage than other
mixes. This behavior may result from
the lower modulus of easticity of
porcilinite in comparison with other
types of aggregate. The final
shrinkage of limestone concrete is less
than that of uncrushed gravel concrete
dthough gravd is differ than
limestone. This may be due to the
chemical reaction between limestones
and cement paste which increases the
bond strength of the interface zone
@9 Checking the development of
strength and stiffness of concrete with
age, would support the find
justification.

4.3 Effect of Shape and Surface
Texture of Coarse Aggregate:
Natural rounded uncrushed gravel has
lower specific surface area and
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smoother texture than both crushed
gravel and limestone.  These
characteristics cause the concrete
produced by uncrushed grave to
exhibit higher shrinkage rate and fina
value than those made with crushed
gravel or limestone.

Fig. 2 shows the development of
reative shrinkage for different mixes
with time. At early ages, less than 28
days, the cement matrix for different
mixes would have almost the same
shrinkage strain but these strains
would face different restraining
actions from coarse aggregate due to
variation in specific surfaces. In such
ages there are large differences in
relative shrinkage. After that, after 28
days, the variation in ratios settled to
approximately fixed values (1.5 for

UCG/CG and 1.4 for UCGIL).
The development of the ratio of
limestone concrete shrinkage to

crushed graved concrete shrinkage is
aso plotted in Fig. 2. Limestone,
indeed, has higher specific surface
and rougher texture than crushed
gravel. In spite of that, crushed grave
concrete has dways lower shrinkage
strain than limestone concrete. This
may be attributed to the higher
modulus of easticity of gravel which
restrains shrinkage strain  more
effectively.

5. Conclusions:

1. Using saturated coarse aggregate in
the mix aways vyidds higher
shrinkage strain than dry aggregate
Thereis about 10% increase in drying
shrinkage for most mixes. The
increase percentage seems to be
affected by the aggregate water
absorption.

2. For porcilinite lightweight
aggregate concrete, the effect of
moisture content of aggregate was
more obvious on the modulus of
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dadticity and splitting tensile strength
than other properties.

3. The fina shrinkage of limestone
concrete was lesser than that of
uncrushed grave concrete athough
grave is stiffer than limestone. This
may be due to the chemical reaction
between limestone and cement paste
which increases the bond strength of
the interface zone.

4. At early ages, less than 28 days,
there were large differencesin relative
shrinkage for different mixes. Later
than 28 days, the variation in ratios
setled to approximatey fixed values
(.5 for UCG/ICG and 14 for
UCGIL).
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Table 1. Properties of used coarse aggregates.

Aggregate type
. Crushed | Uncrushed -
No. Property Limestone Gravel Gravel Por?::l);nlte
(CG) (UCG)
Sieve . Sleve % Passing
Analysis Size, mm.
1 19.00 100
(10S 30-
1984)(15) 9.50 40
4,75 0
Specific Gravity, SSD
Water Absorption, %
3 (10S 31- 1984). 1.02 0.98 30
Dry Rodded Unit
4 | Weight, kg/m® (10S 31- 1690 1760 790
1984).
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Table 2: Details of used mixes.

Coarse ' Cement Fine Coarse Water Cogtent,
Mix | Aggregate M mgtgre Content, Aggregate | Aggregate kg/m
Type Condition k g/m3 Conter;t, Conter;t, Designed | Actual
kg/m kg/m
L D’ 220.4
S 194.9
1 CG D 785 970 219.3
S 197.8
365 200
UCG D 218.9
S 201.7
D 358.8
2 P S 744 498 1930
(*: D =dry, **: S= saturated)
Table (3): Concretetest results.
Coarse Aggregate Type
Test L CG UCG P
D S D S D S D S
1 3.1 4.7 2.3 2.6 5.3 6.5 0.0 6.6
3 12 15 9 11 17 20 30 33
7 41 47 31 37 57 64 93 83
Shrinkage Strain | 14 102 114 78 89 118 136 182 160
in Millionths, 28 195 209 150 161 214 245 291 34
a Age (days): 56 246 283 210 238 364 371 440 511
90 280 321 236 259 395 425 541 603
120 | 293 325 264 284 | 419 436 576 637
150 | 297 327 275 300 429 442 589 647
Modul us of 28 | 20.00 | 19.30 | 24.20 | 23.40 | 20.40 | 19.00 | 15.89 | 12.75
Elasticity, GPa,
at Age (days): 90 | 2411 | 2340 | 25.13 | 24.26 | 21.20 | 204 | 17.84 | 15.21
Compressive 28 | 21.79 | 2064 | 27.21 | 26.63 | 22.17 | 21.59 | 16.42 | 15.85
Strength, MPa,
at Age (days): 90 | 28.21 | 26.86 | 31.44 | 30.59 | 24.90 | 23.45 | 19.12 | 18.83
Splitting Tensile 28 286 | 275 | 316 | 3.09 | 283 | 271 | 216 | 2.00
Strength, MPa,
AAge(days) | 9o | 320 | 311 | 341 | 335 | 298 | 288 | 237 | 221
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Figure (1a): The shrinkage strain devel opment for concrete mixes made with
dry coarse aggregate.
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Figure (1b): The shrinkage strain devel opment for concrete mixes made with
saturated coarse aggregate.
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Figure (2): The relationship of rdative shrinkage strain with drying time for
different mixes.



