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Abstract

The construction industry, although it makes a significant contribution to the development and progress of a
society, is on the other hand also considered a destroyer of the environment. The lack of a proper program
regarding the generation, collection, and recycling of construction waste is today considered one of the major
environmental problems. The recycling and reuse of demolition waste is of importance both economically
and environmentally. If these materials have the necessary properties, they can be used in the structure of
cement blocks. Given that concrete, brick, ceramic, tile, and mosaic constitute a significant volume of
building demolition debris, in this research, in order to investigate the feasibility of using these materials in
the structure of hollow cement blocks, experiments were conducted based on the Iranian National Standard
No. 70, which confirm the possibility of manufacturing non-load-bearing cement blocks with these materials.
The compressive strength (32 to 36 kg/cm?), water absorption (201 to 275 kg/m?®), and density (2000 to
22000 kg/m?) tests performed on the manufactured blocks confirm that, without using natural materials and
additives and only with the construction waste present in the dumps, a block conforming to Iranian standards
can be made.
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Introduction

Waste management has historically been a significant concern; however, rapid population growth,
accelerating urbanization, and the concurrent expansion of construction activities have transformed it into a
critical environmental challenge. The substantial volume of waste generated by construction, demolition,
renovation, and maintenance activities has created numerous complications, including environmental
pollution, land scarcity, and the depletion of natural resources. Given the finite nature of these resources and
the imperative to conserve them for future generations, effective management of construction and demolition
(C&D) waste has become a fundamental necessity. In this context, the recycling and reuse of construction
waste serve as a primary strategy to mitigate adverse impacts, reduce waste volume, minimize the reliance
on virgin materials, and lower production costs. Construction waste is largely composed of concrete, bricks,
ceramics, and tiles, which possess considerable potential for reuse as building materials. Integrating these
materials into new production cycles not only alleviates landfill pressure but also aligns with the broader
principles of sustainable development. Given the vital role of the construction industry in the global
economy, enhancing waste management practices can significantly improve resource efficiency and
environmental performance. Many nations are increasingly adopting circular economy models, shifting
toward recycling construction waste for the production of new materials. Consequently, investigating the
viability of incorporating construction waste into cement blocks and validating their performance against
established national and international standards represents a crucial step toward optimizing resource
utilization and fostering environmental sustainability.

Methodology

This study investigated the feasibility of recycling construction and demolition (C&D) waste for the
production of hollow concrete blocks. To determine the actual composition of construction debris, two older
buildings one with a steel-beam roof deck and one with precast composite planks were first quantified
through quantity surveying (boQ), and debris from several buildings under demolition, along with
unauthorized stockpile sites across the city, was inspected. A comparison between the survey results and the
actual demolition debris revealed a considerable discrepancy between the two. In older buildings, bricks
were collected and reused after demolition, and a significant portion of the debris was incorporated into the
plinth of newly constructed buildings; in contrast, newly built structures generated substantial volumes of tile
and facade-stone waste that entered the C&D waste stream. An inspection of the Kianabad disposal site in
Baharestan district (Mianroud), Shiraz, showed that quantity surveying was not a reliable method for
determining the debris composition; consequently, the sample composition was established by collecting the
major materials present in the waste. The bulk of the waste consisted of fine aggregates (soil and gypsum)
and coarse aggregates (concrete fragments, bricks, crushed blocks, tiles, ceramics and fagade stones); only
the coarse fraction was used in this study to produce the specimens. Samples were collected using a
controlled random sampling method, and after sorting, the materials were manually crushed and sieved. The
recycled materials were classified into five groups — brick, concrete-based materials, mosaic, stone and tile
from which 56 block specimens were fabricated in accordance with Iranian National Standard No. 70. A
total of 840 kg of C&D waste was consumed across the five groups. Two specimens were produced for each
test, and the average of the results was taken as the final value; in cases where the results were unacceptable,
the specimens were remade. The basic and non-basic materials were divided into two fractions: fine
aggregates (passing the No. 30 sieve) and coarse aggregates (passing the 3/8-inch sieve). The first group
(coarser grading) exhibited better compressive strength, whereas the second group (finer grading) showed
higher water absorption; ultimately, 16 final specimens from the second group were selected for analysis.
Blocks were produced using Type II Portland cement and potable water with no additives, and the aggregates
were passed through a 12.5 mm sieve. The blocks, measuring 200 x 200 x 400 mm, were evaluated for
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compressive strength, water absorption and density in accordance with Iranian National Standard No. 70.
The minimum compressive strength was set at 12 MPa (120 kg/cm?) for load-bearing blocks and 3.5 MPa
(35 kg/cm?) for non-load-bearing blocks; the maximum water absorption of load-bearing blocks was 208
kg/m?3, and the produced blocks were classified into two density classes, 2.2 and 2.4.

Results and Discussion

This section presents the analysis and evaluation of the compressive strength, density, and water absorption
test results of the manufactured concrete block specimens. The data, recorded in Tables 5, 6, and 7, were
plotted for enhanced clarity and analyzed systematically. Compressive strength is the primary quality control
metric for concrete blocks (particularly non-load-bearing units) and directly dictates their structural
application. Higher compressive strength permits usage in load-bearing masonry walls, whereas lower values
restrict deployment to non-load-bearing partitions. A comparison between specimens containing base
materials and those with tile aggregates under both coarse and fine gradings revealed that fine recycled tile
aggregates yield superior compressive strength. Specifically, in specimens containing 25% recycled tile, the
strength discrepancy between the coarse and fine gradings was approximately 0.3 MPa (3 kg/cm?), whereas
this variation was only 0.1 MPa (1 kg/cm?) for the 25% recycled brick specimens. These findings suggest
that incorporating finer fractions of non-hazardous recycled aggregates enhances compressive strength.
Comparing the 16 final specimens containing fine recycled tile and brick aggregates indicated that brick-
blended blocks exhibit lower strength, which decreases further as the brick content increases. Conversely,
tile-blended blocks displayed superior mechanical performance. The strength variation among the five
specimens fabricated with tile and brick was approximately 0.7 MPa (7 kg/cm?), highlighting the detrimental
effect of brick aggregate on strength. Furthermore, specimens containing a blend of tile and brick showed
lower strength than those with tile alone, indicating that the adverse effect of brick dominates the blend’s
performance. Based on the compressive strength values, most fabricated blocks are classified as non-load-
bearing. In specimens incorporating recycled tile aggregates, the surface glaze and the resulting poor
interfacial adhesion led to localized cracking and shear failure under compressive loading. Comparative
plotting against standard specifications (Figure 7) demonstrated that specimens made of base materials, base-
tile blends, and base-tile-brick blends with up to 10% brick content met the minimum compressive strength
requirements for non-load-bearing blocks. However, none of the specimens satisfied the standard threshold
for load-bearing applications.

In terms of density, the base-material blocks did not exceed 1900 kg/m?, with density values ranging between
1700 and 1900 kg/m?, classifying them as medium-weight (semi-lightweight) blocks. Specimens containing
recycled brick aggregates exhibited lower densities compared to those with tile or tile-brick mixtures.
Combining coarse base aggregates with fine recycled aggregates increased the specimen density, a trend
more pronounced in tile-blended blocks. A density discrepancy of approximately 110 kg/m* was observed
among the five tile-brick specimens, confirming the density-reducing effect of recycled bricks. Reference to
standard density limits (Figure 8) confirmed that blocks containing base materials, tile, and tile-brick blends
have higher densities than those incorporating brick aggregates, validating their classification as semi-
lightweight, non-load-bearing blocks.

Water absorption analysis indicated no significant difference between fine and coarse tile aggregate
specimens, showing that recycled tile does not appreciably affect water absorption. Conversely, water
absorption in brick-blended specimens increased in both coarse and fine configurations, showing a maximum
variation of 100 kg/m? across three specimens. For the 25% brick specimen, the fine-aggregate configuration
increased water absorption by 6 kg/m?, confirming that fine brick particles accelerate moisture uptake.
Overall, the introduction of fine tile and brick aggregates increased water absorption, with all brick-only
specimens failing to meet the standard criteria. Specimens containing base materials and base-5% tile blends
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conformed to the standard, whereas the base-5% brick blend exceeded the maximum limit by 7 kg/m?.
Although the standard specifies a maximum water absorption of 208 kg/m?® for load-bearing blocks, this
parameter is not structural for non-load-bearing units. Consequently, all specimens are suitable for non-load-
bearing applications, with the majority meeting the water absorption criteria for lightweight and semi-
lightweight blocks.

Conclusion

The results indicate that blocks fabricated from base materials and recycled tiles meet the requisite standards
for non-load-bearing, lightweight, and semi-lightweight applications. Utilizing fine recycled aggregates in
combination with coarse base materials enhances compressive strength and density, although increasing the
brick content beyond 10% diminishes strength and elevates water absorption. Furthermore, using recycled
tile as a fine fraction improves cement adhesion, mitigating the negative effects of surface glaze. This
approach not only conserves natural resources and reduces environmental hazards but also offers significant
economic and logistical viability for municipalities to reintegrate C&D waste into urban infrastructure
projects
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