Recycled Concrete Behavior

This investigation has the expectative to provide an
additional alternative in the design of the concrete
manufacturing and at the same time contribute to the

protection of the environment
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ABSTRACT — In this paper several tests
were performed to concrete using debris of
demolish concrete as gravel to substitute
coarse aggregate. The behavior obtained
from the recycled material was compared
with the performance of regular concrete,
taking into consideration that the results
shall fulfill the requirements established by
the codes.
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Introduction

Concrete is one of the most
common construction materials and it is
used in a wide variety of ways. It is hard to
find structures where concrete is not used in
one form or another. A reason why concrete
is considered a common construction
material is resembled in its economical
value, since the customer easily acquires
the materials used in this mixture.

Concrete is also considered a very
versatile mixture given that it contains
cement, aggregates, and water. It can also
be looked upon as a mixture of aggregates
bound together using cement paste. Some
important properties of concrete are:
strength, durability (weather resistance),
wears resistance, impermeability, abrasion
resistance and also resistance to
environmental attacks.

During the research, several tests
will be performed to concrete using recycled
material instead of gravel as a coarse
aggregate. The recycled material that will be
used is demolished concrete. The tests
performed are specific gravity, absorption,
granulometri, abrasion, and unit weight. The
behavior obtained will be compared with the
performance of regular concrete, taking into
consideration that the results shall fulfill the
requirements established by the codes. The
compression and splitting test are done for a
cylindrical sample in intervals of 7 days until
reaching the 28 day. Once the results are
obtained from the laboratory they are fully
analyzed and evaluated.

The purpose of the investigation is to
prove that the recycled concrete behaves
equal or better than regular concrete. This
may be a good alternative to help reduce the
problems in the environment.

Experimental Details

Materials

The material used to produce the
recycled concrete was donated by a material
testing laboratory.
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Figure 1. Recycled material classified by
particle size

Figure 2: Recycled material classified by
particle size

Laboratory Testing

Sieve Analysis of coarse and fine
Aggregates - The aggregates comprise 60%
to 80% of volume of concrete and have to
be so graded that the whole mass of
concrete acts as a relative solid,
homogeneous, dense combination, with the
smaller sizes acting as an inert filler of the
voids that exist between the larger particles.
In general, the more densely the aggregate
can be packed, the better strength, weather
resistance, and economy of concrete. For
this reason the gradation of the particle size
in the aggregate is of considerable
importance.

The principal objective of this test is to find
the size-distribution of the particles of
regular and recycled aggregates, both
coarse and fine, through the process of
sieve analysis and compare with ASTM C33

— Standard Specification for Concrete
Aggregates.

This  specification defines the
requirements for grading and quality of fine
and coarse aggregate for use in concrete.
This specification is also for use in project
specification to define the quality of
aggregate, the nominal maximum size of
aggregate, and other specific grading
requirements.
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Figure 3. Sieve analysis of coarse
aggregates

The figure 4 shows that the recycled coarse
aggregate is on the ranges that require the
ASTM C33 to concrete aggregates.
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Figure 4: Size Distribution of aggregates

Abrasion Test — is used as an
indicator of the relative quality or
competence of various sources of
aggregate.

Specific Gravity, Absorption, Unit
Weight, and Voids Content of Recycled and
Regular concrete — the objective of these
tests are to determine the weight-volume
relationships of the coarse and fine
aggregates. These properties are used in

Recycled Concrete Behavior: 2



mix design calculations. Table 1 shows the
obtained value for regular and recycled
aggregates.

Regular | Recycled

Concrete | Concrete
Properties Aggregate| Aggregate
Specific Gravity 2.52 2.57
Absorption 27% 11.41%
Unit Weight 98.2 Ib/ft® | 99.1 Ib/ft®
Voids Content 2.50% 1.10%

Table 1: Properties values comparative table
of regular and recycled concrete obtained of
the different laboratory tests

Mix Design

Concrete is simply a combination of
properly proportioned fine and coarse
aggregate held in suspension by cement
and water paste. The proper proportion and
quality of these materials will produce the
desirable characteristics of the plastic and
hardened concrete.

The concrete mix is design to
prepare the mix and casting of concrete test
cylinders for subsequent compressive
strength testing.

Regular Recycled
Concrete Mix |Concrete Concrete
w/c radio 0.38 0.38
Slump 4in 4in
Cement 895 Ib 895 Ib
Water 350 Ib 350 Ib
Coarse Agg. |16351b 1686 1b
Fine Agg. 1141 1b 1141 1b

Table 2: Concrete mix design for f'c = 4,500
psi, with a security factor of 1,200 psi. A
superplsticizer Rheobuild 3000 FC, from
Master Builders Technology, was used in
the mix to increase the workability of the

concrete.

Figure 5: Sand and cement mixture

Figure 6: Coarse and fine aggregate with
cement mix

Figure 7: Coarse and fine aggregate with
cement mix
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Figure 8: Water was added to the mixture

Figure 9: Recycled concrete mixture

Figure 10: Control mixture (Regular mixture)

Figure 11: Slump test

Figure 12: Slump measure of recycled
concrete with f’c of 4000 psi

Figure 13: Preparation of cylinders to
compression test for 7, 14, 21, and 28 days

Compressive and Tensile Strength
of Recycled Concrete vs. Regular
Concrete Cylinders

The proportions of cement, water
and coarse and fine aggregates acquire the
strength of concrete. The ratio of water
cement is the chief factor for determining

Recycled Concrete Behavior: 4



concrete strength. When the water-cement
ratio decreases the compressive strength
increases.

The design strength of concrete is
usually defined as the strength in 28 days.
The recycled concrete behavior as shown in
figures 14 and 15 is similar to the control
mixture.

Figure 14: Compression Test

Regular

Concrete Strength Strength
F'c 4,000 psi 4,500 psi
7 days 3,120 psi 3,340 psi
14 days 3,410 psi 4,100 psi
21 days 3,740 psi 4,380 psi
28 days 4,110 psi 4,840 psi
Recycled

Concrete Strength Strength
F'c 4,000 psi 4,500 psi
7 days 2,564 psi 5,028 psi
14 days 3,430 psi 6,040 psi
21 days 3,780 psi 6,120 psi
28 days 4,090 psi 6,210 psi

Comparative Table: Compression Test
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Figure 15: The resistance of recycled vs.
regular concrete of 4,500psi.

Figure 16: The resistance of recycled vs.
regular concrete of 4,000psi.

Figure 17: The cylinder failed on the
compression test

The strength of concrete in tension is an
important property that greatly affects the
extent and size if cracking in structures.
Tensile strength is usually determined by
using the split cylinder test in accordance
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with ASTM C496 in which the same cylinder
used for the compression test is placed on
its side in the testing machine so that the
compression load P is applied uniformly
along the length of the cylinder in the
direction of the diameter.

Figure 18: Split Test

Comparative Table: Split Test for 4,000 psi
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Figure 19: Split test results

Conclusion

Following the use of the parameters
established by the codes, a positive
outcome was gained by the results of the
recycled mixture.

The results of the behavior of the
recycled concrete obtained during the
investigation consisted on several objectives
which where attained during the analysis.
These objectives are accomplished given
that the results obtained from the
compression and tensile strength of the
recycled concrete where similar to those
obtained from the control mixture. Since the

data collected satisfy the requirements one
may conclude that this material may be used
for construction as well as regular concrete.

References

“Bearing and Deformation Performance of
Concrete  with Recycled Aggregates,
www.massivbau.tu-
darstad.de/user/klemt/web/forschung/bearin
g-performance/bear

C.K. Wang and C.G. Salmon, “Reinforced
Concrete Design”, 5™ Edition, Harper Collins
Publishers, Madison, 1992, Pages 3 — 20

“Development of Chemical Contaminants
Guidelines for Recycled Concrete
Aggregates in New Construction”,
www.epa.nsw.gov.au/waste/wg-80.htm

F. Roos and K. Zich, “Sustainable
Construction: Use of Recycled Concrete
Aggregate”, Verification of the Dimensioning
Values for Concrete with Recycled Concrete
Adgregates, University of Dundee, London,
1998

Laboratory Mechanical of Material Manual,
PUPR

R.C. Hibbeler, “Mechanics of Materials”, 2"
Edition, Prentice Hall, New Jersey, 1994,
Pages 83 — 99

R.K. Dhir, M.C. Limbachiya, and T.
Leelawant. “Magazine of  Concrete
Research”, Suitability of Recycled Concrete
Aggregate for use in BS 5328 Designated
Mixes, London, Pages 257 — 273

Master Builders Technologies, Admixtures

Recycled Concrete Behavior: 6



