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ABSTRACT 

Worldwide, enormous amounts of waste cause major environmental issues, including 

scrap tires and plastic, and large waste, a consequence of the demolition of buildings, 
including crushed concrete, crushed clay bricks, and crushed thermo-stone. From that point, 
it’s possible to consider that the recycling processes for these materials and using them in 
the manufacturing field will reduce the adverse effects on the environment of these wastes 
and the consumption of natural resources. Sustainable concrete blocks can be considered as 
one of the products produced by using these materials as partial volume replacement of the 
coarse, fine aggregate, or cement content, considering their dry density, workability, 
absorption, compressive strength, and thermal conductivity tests evaluate their 
performance- and conformity with specifications. The results of tests on samples of 
sustainable concrete blocks showed the feasibility of using demolished building waste as 
aggregates instead of natural materials for their production. 

Keywords: Waste clay bricks, Demolished building wastes, Recycled concrete, Recycled 
aggregate, Sustainable block. 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.joe.uobaghdad.edu.iq/
http://creativecommons.org/licenses/by/4.0/
mailto:tahseen.abbas2001m@coeng.uobaghdad.edu.iq
mailto:tahseen.abbas2001m@coeng.uobaghdad.edu.iq
mailto:tahseen.abbas2001m@coeng.uobaghdad.edu.iq
mailto:tahseen.abbas2001m@coeng.uobaghdad.edu.iq
mailto:dr.zena.k.abbas@coeng.uobaghdad.edu.iq
mailto:dr.zena.k.abbas@coeng.uobaghdad.edu.iq


Journal  of  Engineering    Number 9        September  2023       Volume 29   
 

 

135 

 مراجعة:الخرساني المستدام البلوكدراسة كفاءة إنتاج 
 3علاوي  عباس، 2،*، زينة خضير عباس1أحمد صادق جعفر

 قسم الهندسة المدنية، كلية الهندسة، جامعة بغداد، بغداد، العراق

 لاصةالخ                                                  
 

والتك تيععععععاة ا اهخاي ال ك م   على الصعععععععال العهلاك  شاهل بيععععععهرة ،اباب  ااكم   ،اعععععع م اللااهي ال،ه لب ب  الا ه هي   

وال لاسععععتاب   ،ه  ععععهمب تلى رااهي ر اكم ب  الا ه هي   متالب شلي الا همك   والتك تيععععاة ال كسععععهمب الااعععع   ب   والاه،   

الااععععع      و ال لك ال كاخك الالاعععععكل ب  ش،  الا اب    ال  اعت هخ إع عالاهي تعه م التلو ك ل،،  الا ا  واسعععععت لاب،ه مك 

ل التصعععاات سعععت لة ب  السهخ الاعععل اب على ال ابب ل،،  الا ه هي ،ه  عععهمب تلى ت لاة اسعععت،لال الا اخ  الا اعابل  ال  اعت هخ بله

اللتة ال كسععهماب الااععتلابب إلل الااتلهي التك  تت تمتهب،ه ،هسععت لاي ش،  الا ا  ر ل ة ب  ك ب  للت الكرهي ال يعع  اوالاهعت إو 

 ، مك ااععت هخ التثساك الا تاة ل،ه على ال صععه ل ال ا  ه اب والاالهمالاب لللتة ال كسععهمابل تاععت لي ب ت ى الأسععاا،   بت الأ

 .م  ص اللثهمب اللهمب و ه،لاب التيععلاة وااعبتصععهص و  م ااعم ععلها والت حععاة ال كاخك لت اات إ ا ،ه وباه، ت،ه للا احعع هي
ماب الااععععتلابب بلوى اسععععت لاي م ه هي الا همك الا،لبب ركرهي ،لاع  ب  إظ،كي مته ج ااع ت هخاي على عااهي ب  اللتة ال كسععععه

 الا ا  الا اعاب  متهب،هل
 

ب ل هي الاه،   الاااك  ب ل هي ال اهء الا،لبب  ال كسعععععععهمب الاعه  تلو كشه  الكرهي الاعه  تلو ك   اللتة  ة:يحاتفملالكلمات ا

 ال كسهماب الااتلاببل

1. INTRODUCTION 

The pollution of the environment and energy waste are receiving more attention these days 
(Li et al., 2020). The investigation for ways to reduce waste and CO2 emissions in the 
building supply chain has gained attention in recent decades. Large quantities of natural 
resources are required to manufacture cement and aggregate concrete (Soares and 
Tavares, 2022). The construction industry accounts for 39% of yearly worldwide CO2 

emissions, with building materials accounting for 11%. Concrete production is expected to 
be 12 billion tons annually, making it the second most consumed commodity globally. As a 
result, the concrete industry requires enormous amounts of natural resources, posing 
considerable environmental issues. The contemporary linear economy and worldwide 
population increase are accountable for outpouring trash into the environment. To alleviate 
this burden, the European Commission set a goal of reducing 90% of emissions from the 
construction industry by 2050 (European Commission, 2019) and promoting resource 
efficiency and circular economy models. This will imply the reformulation of several building 
materials and products, where conventional materials could be replaced by reused or 
recycled ones, with economic, technical, and environmental benefits, also in line with the 

goals for sustainable development set by the United Nations. Indeed, the use of wastes as 
secondary construction materials can channel by-products back into the value chain (Bonoli 
et al., 2021). This can reduce waste, landfill disposal, and the exploitation of primary 
resources while providing cleaner manufacturing pathways and increasing market 
competitiveness. Several by-products from various sectors now discarded as trash have 
been the subject of study on reuse prospects in concretes in this context (Naran et al., 
2022). 
On the other hand, the construction sector is having difficulty owing to a lack of building 
supplies. Utilizing plastic waste in diverse applications, such as concrete aggregate, is 
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essential since plastic trash's low recycling rate greatly contributes to environmental 
degradation. (Alqahtani et al., 2017). The production of plastic for industrial usage began 
in the 1920s, and since then, the world has consumed an enormous amount of plastic.  
According to some estimations, 299 million tons of plastic were manufactured globally in 
2013. The frequent burial of plastic trash endangers the ecology. Consequently, several 
researchers have concentrated on incorporating plastic waste into concrete for various 
reasons. (Babafemi et al., 2018). Exploiting plastic waste is a partial answer to 
environmental challenges. Using plastic waste in construction components may reduce 
concrete costs and environmental pollution. 
Non-direct advantages include lower landfill trash costs and energy savings. Various 
research has been conducted on the mechanical characteristics of concrete using 
polyethylene terephthalate (PET) bottles. It has been shown that using plastic may reduce 
the weight of conventional concrete by (2–6) % and the compressive strength by 33%.  
(Mohammed and Hammadi, 2018). The compressive strength and unit weight were 
measured after 30 days in a study that investigated the addition of plastic as a partial 
component of the coarse aggregate in concrete for the design of ecological concrete blocks 
and to establish a linear equation to estimate compressive strength for those blocks, varying 
cement, sand, gravel, and plastic volume. The results demonstrated that for the mixing ratio 
1:1:1, the unit weight decreased by (36 and 45.43) % for the sections of plastic that were (25 
and 50) %, respectively, and the compressive strength decreased by (27.99 and 41) % for 
those portions (Velazco et al., 2021). 
This study investigates whether it is feasible to recycle construction and demolition debris 
into concrete blocks for use in building construction instead of throwing it away or utilizing 
it for less important purposes like fixing potholes or backfilling foundations. These recycled 
aggregate concrete blocks must fulfill the (local) construction material norms and criteria 
for load-bearing capability. 
 
2. WASTE MATERIAL CONCRETE 

 
Incorporating waste as aggregate for concrete has been demonstrated to be a suitable option 
for mitigating the effects of the building sector. Over the last several years, the technical 
community has been examining the impact of utilizing recycled aggregates from structural 
parts on concrete, but little has been investigated concerning the effect of using masonry as 
aggregates for concrete (Soares and Tavares, 2022). Fly ash is used instead of some of the 
cement while creating hollow concrete blocks. In addition, various waste materials, 
including plastic, glass, and chopped wood, are substituted between 0 and 5 mm with 
polyester fibers. A non-load-bearing stone wall was built using hollow blocks made of 
unconventional concrete (Hanuseac et al., 2021)ل 
 
2.1 Using Demolished Waste Materials in Concrete Block Units 

The building sector contributes to 39% of the annual global CO2 released, of which 11% is 
embodied in building materials. This would need the reformulation of various construction 
materials and products, in which conventional materials might be substituted by reused or 
recycled materials, with economic, technological, and environmental benefits, in line with 
the United Nations Sustainable Development Goals. Using trash as secondary building 
materials might reintroduce byproducts into the value chain.  Innovations in solid waste 
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management and product development have resulted in novel concrete mixes, blocks, tiles, 
aggregates, and binders. When comparing solutions that differ in terms of materials, 
methods, components, or applications, life cycle assessment (LCA) can demonstrate 
environmental benefitsل 
Nonetheless, studies are scarce focusing on mapping LCA research in specific building 
industry subjects with a comprehensive understanding. During the construction, demolition, 
and brick manufacturing operations, enormous volumes of waste clay bricks are generated. 
Because these contaminants are discharged, they cause a slew of environmental problems 
(Salam and Khalil, 2022)ل 
Several studies have examined the functional performance and possible environmental 
benefits of using recycled aggregates (RA) to replace natural aggregates in new concrete 
mixes made from construction and demolition waste (CDW). The difficulty in comparing the 
results of life cycle assessment (LCA) studies was also identified due to different approaches 
taken by other authors, namely regarding the system boundaries, functional units, allocation 
procedures (i.e., if avoided landfilling is considered, physical or economic allocation), 
transport distances between RA and concrete producers, and including (or not) the carbon 
absorption in the concrete life cycle or its end-of-life stage. Some concrete hollow block 
qualities, like thermal resistance and thermal conductivity, may be positively impacted by 
the recycled materials. (Pavlu et al., 2019). Concrete produced with CBA has a compressive 
strength between 21 and 31 MPa at 28 days, which indicates that the substitution rate is 
under 50%. However, When CBA in concrete is replaced, the compressive strength may 
decrease by more than 50% (Li et al., 2021). 
The process of Demolishing Waste Materials (DWM) can affect the properties of concrete 
block units by: 
 
A- Mix preparation and replacement ratio in DWM. 

 
The possibility of working using the DWM as a partial replacement for the concrete 
containing cement has been displayed by previous research. Table 1 shows some of these 
research's mixed preparation and replacement ratiosل 
 

Table 1. Mix preparation and replacement ratio of DWMل 

 
Reference   Replacement ratio % Remark 

(Zena and Abbood, 
2021) 

 Nano powder brick with 0, 5, 
and 10% has been used as an 
alternative for cement weight. 

  Sand from the river with bricks 
as an alternative to 10, 20, and 30% 
weight of cement. 

The mixed proportion was 
approximately 1 (cement): 
2.1 (river sand): 3 (crushed 
gravel) by weight. 
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(Keshavarz and 
Mostofinejad, 

2019) 

Porcelain tiles and red ceramic are 
used With percentages of 25%, 50%, 
75%, and 100%, an alternative by 
volume of coarse aggregate weight. 

The weight of mixing for The 
cubic meter was:  
Cement (400 kg/m3), 
Water to cement ratio (0.54), 
Water (216 kg/m3), 
Fine aggregate (802 kg/m3). 

(Hussen, 2016)  Crushed concrete coarse 
aggregate was used instead of 
natural coarse aggregate in 
increments of 10, 20, 30, and 50% 
(by weight). 
 Fine aggregate was substituted 
with crushed concrete sand at 10, 
20, 30, and 50% (by weight). 
 The natural coarse aggregate 
was replaced with crushed 
(concrete and bricks) coarse 
aggregate in increments of 10, 20, 
30, and 50% (by weight). 
 Fine aggregate was substituted 
with crushed (concrete and bricks) 
sand in proportions of 10, 20, 30, 
and 50% (by weight). 
 Fine aggregate and coarse 
aggregate were substituted with 
crushed concrete aggregate in 
proportions of 10, 20, 30, and 50% 
(by weight). 
 Fine and coarse aggregate were 
substituted with crushed (concrete 
and brick) aggregate in 
proportions of 10, 20, 30, and 50%, 
respectively. 

The control mix had 1 (cement): 
2 (sand): 3 (coarse aggregate) 
by weight and didn’t contain 
either crushed concrete or 
crushed bricks. 

(Hussein, 2021)  The replacement percentages 
for coarse cellular concrete 
aggregates were 35, 50, and 75%. 
 The silica fume was added to 
three mixes, including coarse 
cellular concrete aggregates at a 
constant replacement value of 6% 
by weight of cement. 

The control mix had a mixed 
percentage of (1: 1.5: 3: 0.45) 
by weight. It had been 
prepared using ordinary 
aggregate and no silica fume 
(0% SF). 
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B- Compressive Strength of Concrete and Concrete Masonry Unit Block 

The most important block of concrete mechanical property is its compressive strength. This 
may be significantly enhanced by using reused components. A minimum compressive 
strength of 7 MPa is required for load-bearing wall blocks. (Neville, 2011). The concrete's 
compressive strengths, including the 20% crushed brick aggregate, were roughly 10.19% 
lower than the reference mix's compressive strength at 28 days but somewhat higher than 
the objective strength of 38.75 MPa. Although the compressive strength of concrete with 
30% crushed brick aggregate reduced across all ages, reaching 26.73% in 150 days. 
Compressive strength was increased at all ages with the 5% and 10% inclusion quantities of 
powder made of Nano-bricks combined with Nano Brick Powder. The mixture with a 10% 
substitution of Nano Brick Powder (NBP) exhibited the greatest growth of up to 26.15% after 
150 days. (Abdullah et al., 2022). To conduct a compressive strength test, they employed 
Perlite, control polyethylene, rubber, and other hollow concrete blocks available.  Findings 
from this investigation on hollow concrete blocks are shown in Table 2 and Fig. 1 (Al‐
Tamimi et al., 2020).  

 
Figure 1. Compressive strengths (MPa) of concrete masonry hollow blocks (Al-Tamimi et 

al., 2020) 

 

 
Table 2. Compressive Strength for the concrete hollow blocks (Al-Tamimi et al., 2020). 
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Due to the porcelain's hardness, concrete made with coarse aggregate employing it has 
compression strength greater than 41% that of control concrete made with standard 
aggregate. (Keshavarz and Mostofinejad, 2019). Furthermore, as shown in Table 3 and 
Fig. 2, the concrete with 25% and 50% Recycled Masonry Aggregate (RMA) had an average 
strength decrease of 10.35% at 7 days of age, while the concrete with 75% RMA had a 
strength reduction of 35.4% and the concrete with 100% RMA had a strength reduction of 
50.5%. Analyzing the compressive strength development reveals that the difference in 
strength between concrete with 25% RMA was decreased to 2.8%, concrete with 50% RMA 
stayed constant over time, and concrete with 75% and 100% RMA revealed an average loss 
of 37.3% (Soares and Tavares, 2022). Hollow concrete blocks (8 x 8 x 8 in) and (16 x 8 x 
8 in) had compressive or crushing strength rates of 28 kg/cm2 and 35kg/cm2, respectively. 
Brick units separately of dimension (22 x 11 x 8 cm) have a compressive or crushing strength 
rate of 113.33 kg/cm2 (Ahmad et al., 2014). 
 

 
Figure 2. Compressive strength (MPa) of concretes produced (Soares and Tavares, 

2022) 
 

Table 3. Compressive strength (fcm) reduction as a function of replacement content 
(Soares and Tavares, 2022) 

 

Concrete fcm (%) 
7 days 

fcm (%) 
14 days 

fcm (%) 
28 days 

25%RMA 10.3 5.3 2.8 
50%RMA 10.4 11.0 16.6 
75%RMA 35.4 35.5 37.8 

100%RMA 50.5 43.6 36.8 
 

C. Modulus of Rupture of Concrete and Concrete Masonry Unit Block 

The Modulus of Rupture decreased as the crush stone aggregate (CSA) to tile chip aggregate 
(TCA) replacement ratio increased. The maximum strength reduction of the Modulus of 
Rupture was determined to be 39% for the mix with a 100% aggregate replacement ratio. 
The Modulus of Rupture decreases by 5% when 25% CSA is replaced with TCA (Mohan et 
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al., 2018). The kind and dose of waste affected flexural strength. Flexural strength decreased 
when type 0-4 mm aggregates were substituted compared to the control mix, including 
polyester fibers raising When the proportion of replacement in ceramic is raised, the 
Modulus of Rupture increases by 65% over the reference concrete. It will rise to 100% after 
the replacement is complete. This rise in the Modulus of Rupture was caused by a higher 
fraction of ceramic substitution in the concrete mixture (Keshavarz and Mostofinejad, 
2019). With an increase in CBP, flexural strength declines. Clay Brick Powder (CBP) 
replacements of over 20% are considered in these analyses, and tiny amounts of CBP might 
not significantly affect the concrete's flexural strength. The variations widened, with losses 
ranging from 6% to 11% after 90 cure days (Letelier et al., 2018). Flexural strength values 
rise by (13%) of (30% IF+10%) BP above the control mix value before falling with the 
increasing mix. With increasing [optimization of iron filings + (5, 10, and 15%) of brick 
powder] percentages up to (30% IF+10% BP), flexural strength increases (iron filings and 
brick powder) (Rasool et al., 2020). 
 

D. Dry Density of Concrete and Concrete Masonry Unit Block 

The greater the concentration of RCA in concrete, the reduced the Recycled Concrete 
Aggregate (RCA) density. The reduced specific gravity and attached old mortar on Recycled 
Concrete Aggregate (RCA) contribute to the decreased density of RCA-containing concrete. 
Concrete densities incorporate varied amounts of coarse Recycled Concrete Aggregate 
(RCA) (Verian et al., 2018). Because the specific weight of waste ceramics tile is low, the 
density decreases as the amount of replacement increases. As a consequence of the lower 
density of the masonry blocks, the dead load of the building will be reduced (Ravindra et 
al., 2015). Nanomaterials impact the characteristics of limestone dust used in green 
concrete by raising the dry density as the fraction of nanomaterials from Al2O3 increases. 

The reference mixture's dry density comprises a quantity of silica sand powder and plastic. 
Waste clay brick powders (WBP's) reduce specific weight and density to minimize the 
density of the final product utilized. As a result, it will minimize the origin's dead loads, which 
is a positive consequence (Abbas and Abbas, 2022). Dry density decreased by 
approximately 1.73, 3.31, and 4.61%, respectively, when 10%, 20%, and 30% of CBA were 
substituted for the reference mix. Due to the coarse brick aggregate's reduced specific weight 
and dry-rodded density compared to natural coarse aggregate, the reduction may be 
explained (Abdullah et al., 2022). 
 
2.2 Using Plastic Waste Materials in Concrete Block Units 

 
Every year, massive amounts of plastic are manufactured all around the world. The 
inappropriate disposal of plastic waste causes serious environmental and health issues 
(Lokeshwari et al., 2019). Thousands of dolphins, whales, marine animals, and sea turtles 
die from ingesting plastic bags tossed into the water each year. The practice of throwing 
plastic waste pollutes the ecosystem on land and water, with plastic bags decomposing over 
1000 years (Raghatate, 2012). Plastic manufacture and consumption are increasing 
drastically as time passes and research occurs. However, since plastic trash does not break 
down, it presents environmental problems. The use of coarse plastic aggregates in place of 
natural aggregates is done to reduce consumption because natural aggregates naturally 
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decompose in the soil, creating environmental issues. Researchers have searched for 
substitutes for aggregates and cement for the past 50 years (Tayyab et al., 2018). Recycling 
discarded plastic is costly since it does not dissolve rapidly and requires a long break, 
resulting in serious environmental pollution concerns. As a result, the landfilling of plastic 
garbage should be prevented. In the 1990s, research on the effects of various types and sizes 
on the properties of concrete began, with studies focusing on using polyethylene as coarse 
aggregate or fine aggregate in concrete (Abdelmoti and Mustafa, 2019). 
Plastic is widely produced all around the globe. Plastic is thought to degrade over a thousand 
years. Inadequate plastic waste management poses several natural world and Medical 
dangers (Lokeshwari et al., 2019). Plastic manufacturing and consumption are increasing 
drastically as time passes and progress occurs. Nonetheless, since plastic garbage does not 
decompose, it poses environmental issues when discarded. This implies that it does not 
break down naturally in the soil, producing ecological matters. Hence, aggregates made of 
grainy plastic are employed as a replacement for organic aggregates to minimize waste. For 
the last 50 years, scientists have attempted to identify alternate materials for aggregates and 
cement (Tayyab et al., 2018). 

A. Mix Preparation of Concrete and Concrete Masonry Unit Block 

The possibility of working by using the PWM as a substitution in part for the coarse 
aggregate used in concrete has been displayed by previous research. Table 4. presents some 
of these research mixes preparation and replacement ratios. 

 
Table 4. An overview of earlier research that used plastic aggregate in the concrete mixture. 

 

Refer. Substitute ratio % Remark 
(Abdelmoti 
and Mustafa, 
2019) 

 Reference mix (M1) – 0%. 
 Plastic pellets recycled 
from sand (M2) - 5%. 
 Plastic pellets recycled 
from sand (M3) = 10%. 

 The mixture proportions were 
1:1.87:3.05 and (W/C) 0.47 

 The sand was partly replaced with PP 
plastic pellets to create two different 
mixes, each comprising (5% and 10%) 
by volume of plastic pellets. 

(Jaivignesh and 
Sofi, 2017) 

Substitution of fine aggregate 
with (10, 15, and 20%) plastic 
waste and substitution of 
coarse aggregate with (15, 20, 
and 25%) plastic waste 

 The mixture proportions were 
1:1.79:2.92 and (W/C) 0.45 

(Arivalagan, 
2020) 

-S1 serves as the reference 
mix,  
- S2, S3, and S4 use e-plastic 
instead of coarse aggregate 
(10, 20, and 30 %, 
respectively).   

- 390 kg/m3 of cement.  
- 675 kg/m3 of fine aggregate  
- S2, S3, and S4 have e-plastic contents 
of 30, 55, and 35 kg/m3 for coarse 
aggregate content (S1=1150, S2, 1050, 
S3, and S4 = 650 kg/m3), respectively.  



Journal  of  Engineering    Number 9        September  2023       Volume 29   
 

 

143 

(Jibrael and 
Peter, 2016) 

-Waste plastic (polyethylene) 
recycled from the sand was 
employed in percentages of 1%, 
3%, and 5%. 

-The proportion of the concrete mixture 
was 1:1.67:2.5 with a w/c ratio of 0.46 

 

B. Compressive Strength of Concrete and Concrete Masonry Unit Block 

Concrete blocks' capacity to resist compression is the most essential mechanical attribute, 
which may be considerably increased by adding recycled material. Load-bearing wall blocks 
must have a compressive strength of at least 7 MPa (Neville, 2011). The compressive 
strength decreased by (27.7%, 47.7%, 71.9%, and 81.0%) with a rise in plastic content for 
varying percentage substitution (0-20%) from both fine and coarse aggregates 
(Lokeshwari et al., 2019). Comparing the compressive strength of the control type with the 
findings of three different types of hollow concrete blocks (perlite, control polyethylene, and 
rubber blocks), the outcomes are displayed in Table 5 and Fig. 3, indicating that all four 
kinds of mixes passed the (ASTM C129-17, 2017) requirement of 3.45 MPa (Al-Tamimi et 
al., 2020). 

 

Figure 3. Compressive strengths (MPa) of hollow concrete masonry blocks (Al-Tamimi et 
al., 2020). 

Table 5. The hollow concrete bricks' compressive strength (Al-Tamimi et al., 2020). 
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When polyethylene terephthalate (PET) content was increased, the compression strength of 
the mixtures at the curing stage of 7, 28, and 56 days dropped. In contrast, the compressive 
strength values of the standard concrete mix made for comparison were 30.6, 35.6, and 35.9 
MPa, respectively. After 28 days, compressive strength decreased slightly from 10 and 20 % 
substitute ratios and significantly from 40 and 50 % to 31 and 60 %, respectively. At a 30% 
substitute ratio, the stresses were 18.5, 24.6, and 24.7 MPa on days 7, 28, and 56. (Almeshal 
et al., 2020). The presence of waste plastic aggregate in concrete decreased its compressive 
strength. The decrease ranges from 9% to 17% (Jaivignesh and Sofi, 2017). Compression, 
splitting, and Modulus of Rupture all decreased with the proportion of plastic replaced 
raised (Qasim et al., 2021a). The compressive strength declines with increasing 
replacement ratios of plastic waste (15, 25, and 45%) of the volume of coarse aggregate, as 
indicated in Table 6. The drop in compressive strength was caused by a weakening in the 
bonding strength between the plastic surface and the cement paste, which failed in the zone 
of the interfacial transition and reduced plastic aggregate strength (Khalil and Mahdi, 
2020).  

Table 6. Percentage decrease of Compressive, Tensile, and Flexural strengths of plastic concrete 

(Khalil and Mahdi, 2020). 

 

 
 

C. Modulus of Rupture of Concrete and Concrete Masonry Unit Block 

The kind and amount of waste impacted the Modulate of Rupture of the concrete. In 
comparison to the control mixture, the Modulate of Rupture of the concrete decreased when 
the aggregate between 0-4 mm was replaced with recycled aggregate, and the Modulate of 
Rupture of the concrete rose by 10% when polyester fibers were added (Hanuseac et al., 
2021). The Modulate of rupture for environmentally friendly concrete decreases as the 
proportion of plastic aggregate content rises (15.3, 22.4, 31.8 %) for concrete with 15, 25, 
and 45% coarse plastic aggregate, correspondingly. The poor bonding strength between the 
cement paste and the plastic surface, which results in that decline, leads to the failure at the 
interfacial transition zone and the low strength of the plastic aggregate.  (Khalil and Mahdi, 
2020). The results for substitution and addition demonstrate an improvement in flexural 
strength. The cumulative increases for replacing and adding Nano glass powder are shown 
in Fig. 4. The chart illustrates that 7.5% substitute and 5% mix addition provide the best 
replacement outcomes (Abbas et al., 2021). Flexural strength improved by (11.1, 11.16, 
and 11.6%) and (17.78, 19.86, and 18.64%) after replacing the cement with silica sand by 
5% and 10%, respectively, at 7, 28, and 90 days (Qasim et al., 2021b). The Modulus of 
Rupture of concrete constructed of RCA will be 11% lower than that of NC. Utilizing recycled 
concrete aggregate (RCA) will reduce the modulus of rupture of concrete, particularly if the 
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concrete mix includes recovered aggregate (Verian et al., 2018). 

 

Figure 4. The enhancement in flexural strength by substituting and adding glass powder 
(Abbas et al., 2021)ل 

 
D. Dry density of concrete and concrete masonry unit block 
 
The specific gravity of the blended components and the concrete's compactness work 
together to establish the density of the material. The fresh and dry densities are expected to 
decrease proportionately to the replacement amount since waste-recovered plastics 
typically have a lower density than organic aggregates (Babafemi et al., 2018). The 
concrete specimens that were substituted aggregate with waste plastic had a lower unit 
weight. This is because a coarse aggregate's density is higher than plastic's density. An 
average of three samples was obtained for each substituted specimen to ensure accuracy. 
Also, other studies reported similar findings. Table 7 displays the unit weights of the various 
specimens (Lokeshwari et al., 2019). The results revealed that the weight of the 7-day 
samples decreased slightly as the plastic percentage increased; nonetheless, at both 5% (M2, 
which replaced the sand with plastic pellets 5%) and 10% (M3, which replaced the sand with 
plastic pellets with 10%), the concrete still contains a significant quantity of water, It 
contributes to some of the total volumes. Density falls for M2 and M3 after 28 days compared 
to the control. As the percentage rises, the density decreases due to the considerable 
variations between the PP plastic pellets and the sand. In general, the density of all mixtures 
increases with age, which may be ascribed to the reduction of voids as hydration progresses 
(Abdelmoti and Mustafa, 2019)ل 

Table 7. Dry densities of control mix concrete and plastic-added concrete 
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 The results show that the dry density of the environmentally friendly samples was less than 
that of the control concrete by a proportion of (3.3, 6.7, and 17.5%) for concrete containing 
(15, 25, and 45%) plastic coarse aggregate, correspondingly (Khalil and Mahdi, 2020). 
 
3. CONCLUSIONS 

 
The environmental advantage of utilizing trash as a resource as aggregate replacements in 
concrete hollow blocks is a reduction in current solid waste and a reduction in organic 
materials typically used as aggregates. Additionally, making concrete blocks that perform 
better than expected and adhere to norms is possible because different types of rubbish have 
unique qualities. The consideration of alternative wastes may lead to the following 
conclusions : 
A. The demolished building waste usage: 
(1)  Regarding aggregate, recovered concrete, broken brick, discarded ceramic and tile, and 

plastic waste all partially replace trash in concrete blocks. They may be utilized in 
significant numbers (50-100%) due to their strength, great hardness, and chemical 
inertness. As a result, they are some of the most often recovered resources used in 
concrete blocks, which might reduce the need for organic aggregate in the concrete block 
industry. However, due to the specific characteristics of each waste, most waste may be 
valorized to make various types of value-added concrete blocks even at low replacement 
levelsل 

(2)  The greatest mechanical attribute of concrete blocks is compressive strength, which may 
be considerably improved by employing wastes with an acceptable proportion of tiny 
particles, such as organic aggregate replacement, ceramic and tile waste, and concrete 
slurry waste. Combining these wastes (fine ceramic tile waste) with fly ash might provide 
promising effectsل 

(3)  Concrete blocks in partition walls may increase their high-temperature resistance using 
broken bricks and concrete slurry waste, a value-added applicationل 

(4)  Plastic waste may be utilized in pavement applications to improve them by improving 
compressive strength. Concrete paver blocks can withstand abrasion, skid, and freeze-
thaw conditions ل 

(5)  A natural aggregate can be used as a comparison for the characteristics of several of these 
materials. Natural aggregate is superior to waste concrete aggregate in water absorption, 
apparent density, and crushing index. This is because there is a substantial amount of 
porosity in the waste concrete aggregate due to the high proportion of aged mortar. 
Broken ceramic tile and brick waste aggregate have lower water absorption capacity, 
apparent density, and crushing indexes than natural aggregate, which has a greater 
density, crushing index, and apparent density. Ceramic tile aggregate has a dense, 
smooth glazing without any general bibulousness ل 

 Whatever method is utilized, increasing concrete density increases its compressive 
strengthل 

B. For Plastic waste usage: 
(1)  Using plastic waste in concrete reduces landfill costs and lowers environmental 

pollutantsل 
(2)  As the amount of plastic replacement increases, so does the fresh densityل 
(3)  The dry density was reduced by increasing the amount of plastic replacementل 

(4) Increased plastic replacement lowered compressive, split, and flexural strength. 
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