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Abstract Review History

Waste recycling plays a crucial role in enabling the efficient use of natural resources and mitigating Received: Jan 02, 2025
the negative environmental impacts caused by mineral extraction. One significant type of waste that can  Revised: Dec 07, 2025
be recycled is construction and demolition waste (CDW), which includes materials such as concrete, Accented: Jul 14. 202
bricks, and wood from building sites. This waste can be processed and recycled for use in various pted: !

construction applications, particularly in geotechnical engineering, where it serves as fill materials or ~ Keywords
base layers in foundations. The management and reuse of CDW not only help in reducing landfill waste 0 call
but also contribute to the conservation of natural aggregates. When utilizing CDW as fill materials, it is
essential to determine the compressibility properties of these materials. The compressibility coefficient is Recycled Concrete
a key factor that influences the behavior of materials under load, which directly impacts the stability and ~ Crushed Brick
durability of construction structures. The compressibility behavior of various types of CDW, including PET

recycled concrete and crushed bricks, is influenced by their physical and chemical properties, such as Compression Index
particle size distribution and mineral composition. Consequently, understanding the compressibility
characteristics of CDW requires more detailed and comprehensive studies. The authors of this study
aimed to investigate the compressibility properties of CDW that had been stabilized through the addition
of polyethylene terephthalate (PET), a type of plastic waste. PET is increasingly being explored as a
stabilizing agent for various construction materials due to its beneficial effects on enhancing mechanical
properties. The study also aimed to compare the performance of stabilized CDW with that of natural
construction materials, such as natural stone aggregates, to assess their viability as substitutes in
geotechnical applications. To achieve the study objectives, a series of oedometer tests were conducted
using a hydraulic consolidation apparatus. These tests were performed under both saturated and optimum
moisture content conditions for CDW, which included recycled concrete and crushed bricks mixed in
different proportions. A reference sample (BM) made of natural stone aggregates with a similar gradation
to the recycled materials was also tested for comparison. The key parameters measured in the study
included compressibility coefficients, one-dimensional secant elastic modulus, and the Particle Breakage
Index of the materials. The results of the study revealed that the compressibility of the materials increased
with higher percentages of PET and crushed brick content. This suggests that the addition of PET and
crushed brick enhances the compressibility of the materials. Additionally, the study found that with the
increase in PET and crushed brick content, the hardness of the materials decreased. A key finding from
the comparison between the saturated and optimum moisture content conditions was that compressibility
was lower and hardness was higher under optimum moisture content. However, during the unloading
and reloading phases of the test, greater crushing of the particles in the optimum moisture content
condition led to a change in the gradation of the sample. As a result, the compressibility coefficient
increased, and the hardness decreased, indicating that the material underwent more significant particle
breakage in the optimum moisture content condition. Based on these findings, the study recommends
that the percentage of crushed brick in recycled aggregates be limited to 30 percent to avoid excessive
crushing and degradation of the material. Furthermore, it is suggested that when crushed brick is included
in the recycled waste, 2 percent PET should be added to prevent further particle breakage and to improve
the mechanical properties of the aggregates, ensuring better performance in construction applications.
These recommendations provide valuable insights for engineers and practitioners looking to incorporate
CDW in sustainable construction practices.
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Table 1. Grain size specifications of the materials

Value Characteristics
25.4 Dmax(mm)
4.40 Dso (mm)
17.1 Cy
1.41 C.

55 FC (%)

(<) (1)

PET @,?I ookl b (BLL Alas ¥ ISS
Fig. 3. Construction and Demolition Waste: a. Concrete, b. Brick,
c. PET

St e (S5 s Sxs Y do
Table 2. Physical properties of the CDW

Water absorption (%) Gs Material
6.6 2.66  Recycled Concrete
321 2.42 Crushed Brick
45 2.71 Benchmark Material

Bk e boll as s ¥ Jyr

Table 3. Percentage of material mixture

Crushed  Recycled

PET Brick Concrete cow
0 0 100 100C
2 0 98 98C+2P
4 0 96 96C+4P
8 0 92 92C+8P
0 15 85 85C+15B
0 30 70 70C+30B
0 45 55 55C+45B
2 14.7 83.3 83.3C+14.7B+2P
2 29.4 68.6 68.6C+29.4B+2P
2 44.1 53.9 53.9C+44.1B+2P
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Table.4. Summary of the compaction test results

kN
@ (%) Ydamx (ﬁ) cbw
6.68 20.31 BM
8.03 18.36 100C
8.37 17.85 98C+2P
9.60 16.19 96C+4P
10.58 14.89 92C+8P
10.10 17.41 85C+15B
11.96 16.81 70C+30B
13.83 16.29 55C+45B
10.22 16.79 83.3C+14.7B+2P
12.06 16.18 68.6C+29.4B+2P
14.39 15.75 53.9C+44.1B+2P
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Fig. 7. Consolidation curves in the logarithmic space of effective
stress versus void ratio (saturated condition)

<IVd
Ny [
. —
— T

-7 eBM

e |*100C
] 100 [*92C
DTN Sttt CCEETs SAECEURS N S
1 [ | [<85C+15B

L [o83.3C+14.78+2P|

5

Jve

¥

-IYO

ARK) Neow
(JSslyshed) jige

oo ol 3 e 5 028 (sl s oS la e A ISS
(g sk, CI)
Fig. 8. Consolidation curves in the logarithmic space of effective
stress versus void ratio (optimum moisture state)
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Table. 5. Normalized values of compressibility coefficients in two
states: saturated and optimum moisture

optimum moisture Saturated

Cs Cr Cc Cs Cr Cc cow

1.00 1.00 1.00 1.00 1.00 1.00 BM

144 151 109 129 123 104 100C

165 167 166 133 132 171 98C+2P
223 235 233 191 185 296 96C+4P
335 351 473 370 3.67 5.03 92C+8P
181 186 1.63 135 142 1.66 85C+15B
217 219 240 171 164 251 70C+30B
299 314 325 204 189 350 55C+45B
205 208 171 158 154 159 83.3C+14.7B+2P
217 222 196 174 170 195 68.6C+29.4B+2P
239 243 266 186 1.84 231 53.9C+44.1B+2P
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Fig. 10. Consolidation curves in the c-¢ space (saturation state)
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Table.6. The rate of variation of the secant modulus against

vertical stress

The rate of variation of the secant modulus

against vertical stress CDW
optimum moisture Saturated

0.0686 0.0775 100C
0.0408 0.0450 98C+2P
0.0352 0.0374 96C+4P
0.0306 0.0179 92C+8P
0.0595 0.0649 85C+15B
0.0506 0.0573 70C+30B
0.0328 0.0389 55C+45B
0.0661 0.1093 83.3C+14.7B+2P
0.0536 0.0706 68.6C+29.4B+2P
0.0417 0.0469 53.9C+44.1B+2P
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saturated condition
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