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Demolition and construction waste are among the topics that focus by many researchers. 

The methods of reuse of waste materials must reduce the economic and environmental 

pressure of their presence in various regions. Before 2014, the city of Mosul contained 

relatively small quantities of demolition and construction debris, especially concrete 

rubble, asphalt materials, and bricks (they formed approximately 80% of the 

construction and demolition debris). These materials increased very greatly after the 

liberation operations and the widespread destruction of large parts of the city and 

became a great problem in the reconstruction operations. There is no clear plan yet in 

the city to deal with this debris, and it is disposed of by moving them to another place 

or burying them randomly when rebuilding the destroyed parts. This study shows to deal 

with demolition and construction debris in Mosul after liberation and during 

reconstruction operations. Also, many sources and data dealing with the re-use of 

demolition and construction debris in the field of geotechnical engineering for 

operations to improve the engineering properties of soils are presented. Many papers 

show the possibility of using construction and demolition waste as an alternative base 

or sub-base materials, fill for embankments, or increase durability and reduce the 

swelling and plasticity of clay.  The study concludes that the researches and data can be 

used to deal with the rubble of demolition and construction in Mosul in a way that 

enables to benefit from it economically and environmentally. 
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1. Introduction  

Waste resulting from the construction, 

redesign, and restoration of homes, commercial 

buildings, and other civil engineering activities 

is classified as construction waste. Whereas, 

waste resulting from building demolition and 

demolition operations is classified as demolition 

waste [1-6]. Demolition waste is also produced 

from environmental disasters such as 

earthquakes, hurricanes, floods, and wars [6,7]. 

In recent decades, demolition and construction 

waste has become one of the topics that attract 

the attention and interest of researchers and 

environmental reports. According to a study 

conducted by [8], the construction sector 
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consumes around half of the raw materials in 

nature and produces more than half of the 

overall waste in the world. demolition and 

construction waste are defined as solid waste 

produced from construction and demolition 

activities, as shown in Table 1[9]. Most of the 

materials referred to in the table such as crushed 

concrete, asphalt rubble, plastic, etc. Steel, 

wood, and others cause economic and 

environmental problems when accumulated. 

The problem of construction and demolition 

waste is growing rapidly in developing 

countries, including Iraq. Few previous studies 

dealt with construction and demolition waste in 

Iraq [10-14], and some studies have shown that 

there is no system for waste management in 
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construction projects in Iraq [15]. Demolition 

and construction debris constitute about half of 

the solid waste in the world, and of this half, 

concrete rubble constitutes about 58%, brick 

rubble about 16%, and asphalt pavement rubble 

constitutes about 7% [16]. Because these 

materials constitute about 80% of the demolition 

debris and construction and due to the 

abundance of these materials in Mosul at 

present, these materials were chosen in this 

review. The study shows the researches that 

focused on reusing the waste for engineering 

purposes, especially in the field of geotechnical 

engineering.  

Table 1: Types of construction and sources of demolition waste [9] 

The sources of waste production Type of waste 

streets, roads, bridges, parking lots Asphalt 

dust, dirt, bricks, brick ash, and concrete Breaker 

gypsum board, gypsum walls   Plaster 

doors, windows   Glass 

doors, windows, all forms of plastic sections   Plastic 

bituminous insulation sheets, mastic Waterproofing materials (bituminous products) 

pipes, steel roofs, steel sections Iron waste 

Non-ferrous metals aluminum, copper, and steel Non-ferrous metals 

products, decorations, wooden sections, and furniture   Natural wood 

Plywood, pressure treated, creosote-treated, laminates Treated wood 

lead-based paint, fiberglass, asbestos, fuel tanks Contaminant 

 

Mosul is one of the historical cities located 

in northern Iraq on the banks of the Tigris River, 

and it is located on rock layers consisting of 

gypsum rocks, anhydrite, and lime [17]. The 

residents of the city benefited from the natural 

resources available in the vicinity of the city for 

construction. Among these materials were 

limestone, gypsum stone, and clay. The building 

materials, used in the construction of the old city 

through previous eras, were manufactured 

locally such as plaster, pottery, and bricks [18]. 

As a result of the development in construction, 

materials of concrete, iron, tiles, asphalt, plastic, 

glass, and bricks entered into modern 

construction since the middle of the twentieth 

century and were used to build different houses 

and facilities all over Mosul. The quantities of 

construction and demolition waste before the 

recent war in the city of Mosul were not at the 

size that causes major problems, because of the 

presence of large areas where waste is dumped 

randomly most of the time. Also, the nature of 

the activities associated with the production of 

these wastes in Mosul was not at the level of the 

cause of great economic or environmental 

stress. For example, the demolition of large or 

multi-story structures was very rare in Mosul in 

the pre-war stage due to the weak commercial 

and service reality and the modernity of most of 

the buildings. After the last war, the problem of 

construction and demolition waste appeared in a 

big way due to the huge scale of destruction. 

According to United Nations estimates [19], 

piles of rubble were more than 10 million tons, 

as shown in Figure (1). This rubble was 

concentrated in the old city, which is the center 

of the city of Mosul, as shown in Figure (2). 
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Figure1. Rubble left behind in Mosul after the war with the challenges of dealing with it  

 

Figure 2. Concentration of remnants and debris of the last war in Mosul, according to United Nations statistics[19]
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2. Waste concrete materials in Mosul 

Concrete is considered one of the most 

important materials used in construction in the 

modern era due to its abundance and high 

resistance in construction and weather 

conditions, and the abundance of its raw 

materials (cement, sand, and gravel). Concrete 

is a mixture or combination of several 

components that are joined together, containing 

fine cement, water, and sand, small crushed 

stones (aggregates), and natural gravel added to 

it. Concrete is considered one of the components 

of modern construction and enters in large parts 

of it. The concrete materials are divided into two 

types: plain concrete, which is used in many 

parts of small establishments such as housing 

and commercial and industrial buildings. Plain 

concrete is used in the manufacture of various 

building units such as building blocks (blocks), 

cache, and floor casting, and it is used to fill 

some voids in the building. The other type, 

which is the reinforced concrete, which 

reinforcing iron is added, increases its durability 

and strength and remains for some time without 

being affected or corroded. Reinforced concrete 

is generally used in foundations, columns, roofs, 

etc. Concrete waste is found in Mosul in 

abundance, especially after the recent war, as a 

result of blasting and explosion operations. 

Concrete waste is found in abundance in the 

bombed areas in most neighborhoods of Mosul, 

such as the old city, which contains large masses 

of concrete rubble (Figure 3A and B). With the 

continuing construction and reconstruction 

processes in Mosul, there is still no real benefit 

from concrete waste and its recycling, as this 

waste is thrown into open areas and the pits are 

filled in more randomly. A large part of concrete 

waste was thrown at the edge of the Tigris River 

and some of the pits were filled in and the 

remaining waste was collected in the form of 

piles in the same old city. As for the rest of the 

neighborhoods on the right side of Mosul, part 

of the concrete rubble was thrown in the 

polluted area on the right side of the city, and the 

other part of the rubble was dumped in large 

pits. As for the neighborhoods of the left side of 

the city of Mosul, part of the concrete rubble 

was thrown in open areas north and south of the 

left coast of Mosul. The other part of the 

concrete rubble was covered by sub-base 

materials near Al-Shamsiyat Village and Al-

Qawsiyat District. The concrete waste resulting 

from the demolition of the building of the 

Electrical Engineering Department inside the 

University of Mosul was used on the road of 

Talekif and the other part was used to backfill 

and covers the sides of the trench that passes 

inside the university, and thus these wastes were 

disposed of as in Figure (4). 

 

  

Figure 3. The rubble of concrete dumped in separate places in Mosul 
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Figure 4. The process of cladding the sides of the trocar near the publishing house inside the university 

Many studies have been conducted on the 

reuse of concrete residues for engineering 

purposes, especially civil engineering works 

[20-23]. a field study was conducted to 

investigate the performance of pavement 

composed of concrete, asphalt mix, and ceramic 

waste aggregate [24]. The study analyzed the 

performance of a road surface course based on 

the values gained for the following variables: 

dry density, moisture, and deflections. The 

values obtained for a conventional road surface 

with a sub-base of quarry (natural) aggregate 

were compared to the values obtained for a road 

surface composed of recycled aggregate. It was 

detected that the load-bearing capacity of the 

recycled artificial CDW aggregate was 

acceptable and performs as well as natural 

quarry aggregate with some conditions. The 

study establishes that recycled aggregate made 

of concrete, ceramic material, and asphalt also 

had a lower density than natural aggregate.  the 

use of ceramic tile rubble as a primary material 

was evaluated in road paving design [25]. The 

researchers explained that instead of disposing 

of it in landfills, ceramic tile waste could be used 

in highway engineering applications, and thus 

reducing its potential impact on the 

environment. The test results showed that 

adding waste ceramic tile residues increases the 

CBR value of the soil. The researchers also 

suggested the possibility of using ceramic waste 

as an additive to improve the performance of 

CL-type clay soils in an economically and 

environmentally beneficial manner. Other 

researchers also demonstrated the possibility of 

using crushed concrete residues to improve the 

properties of organic soils by increasing the 

resistance and reducing plasticity and swelling 

[26]. A review was done to explore the 

possibility of using recycled aggregates arising 

from construction and demolition waste in new 

construction applications for many centuries 

[27]. The study summarizes the results in a table 

with the use of recycled concrete aggregate and 

other construction and demolition materials in 

civil engineering works. Lastly, a published 

paper demonstrates the geotechnical properties 

of recycled construction and demolition 

materials for filling applications [28]. The 

researchers used recycled construction and 

demolition materials as an alternative to virgin 

aggregates in geotechnical applications such as 

the filling works. The result of this study 

showed that construction and demolition 

materials can be a suitable alternative to virgin 

aggregate used in the filling. 

3. Waste asphalt materials in Mosul 

Asphalt is used a lot in paving streets, 

especially streets inside the city, and it has a lot 

of waste after street breaking and restoration. 

Asphalt consists of several chemicals, the 
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largest percentage of asphalt components is the 

carbon percentage, which occupies about (70-

85) %, followed by hydrogen (7-12) %, then 

sulfur (1- 7%, then oxygen (0-5) %, and finally 

nitrogen occupies a ratio of (0-1) %. The asphalt 

mixture consists of three main layers, which are 

the base layer, the bond layer, and the surface 

layer. The base layer is made of regular or 

crushed gravel, sand, filler, and bitumen 

material. As for the second layer, it consists of 

crushed gravel at least by 90%, with sand used 

from the by-product of crushing the gravel as 

desirable. This mixture is used to obtain high 

stability. The thickness ranges from 5 cm to 8 

cm, the surface layer has the same components 

as the second layer with different sizes, and its 

thickness ranges between 6 cm and 8 cm. 

There was a small amount of waste asphalt 

materials in Mosul before the war due to the 

scarcity and intermittency of maintenance work. 

After the war, because of the widespread 

destruction of most streets, neighborhoods, and 

alleys, large quantities of asphalt waste were 

produced. Some of the waste asphalt materials 

were dumped on the shoulders of the roads, part 

of it was filled in pits, part of it was thrown in 

industrial areas, and the polluted area is on the 

left side of Mosul. While on the right side, a 

large part of it was filled in potholes because of 

the bombing, and the other part of it was 

dumped on the sides of the streets. Generally, 

most of the asphalt waste was thrown and 

collected near its places of presence due to the 

lack of maintenance work on the streets. Figure 

5. 

 
 

Figure 5. The asphalt materials rubble dumped in separate places in Mosul 

Many evaluations and laboratory studies of 

the geotechnical, geological, and environmental 

properties of the solid wastes resulting from 

breaking and uprooting old or worn-out streets 

and roads have been carried out in previous 

studies. the potential reuse of used asphalt 

paving slag for full recycling and direct use was 

Investigated by [29]. The tests used to study the 

effect of used asphalt paving on the mechanical 

characteristics of recycled base materials taken 

from northern Utah in America were the free-tip 

oscillating shaft test to measure the stiffness and 

the CBR test for strength measurement. The 

results suggest in general, that the use of as 

much RAP as possible is appropriate to reduce 

pavement reconstruction budgets and 

demonstrate environmental responsibility. 

In a different study, a comprehensive 

experimental program to test two recycled 

materials, one of which used asphalt paving 

aggregates, as paving materials [30]. 

Experimental test results, along with field and 

field monitoring data, showed that this recycled 

material was suitable to use as a base material 

for the underlayment of roadbeds. The 

evaluation of reusing of reclaimed asphalt 

panels in road construction was shown in a study 

[31]. It concluded that reclaimed asphalt panels 
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were not suitable as a base material in high-load 

main roads, while they could be used as base 

material under paving for secondary roads. the 

laboratory evaluations of the use of reclaimed 

asphalt paving mixtures treated with cement and 

alkali-resistant glass fibers as base materials for 

underway paving were taken in the study [32]. 

A mixture containing asphalt aggregate was 

used and treated with Portland cement and 

alkali-resistant glass fibers in various quantities 

in a comprehensive laboratory test program. 

Tests include conductivity; leachate, unconfined 

compression, and small-strain shear moduli 

through resonant column testing. Leachate tests 

include pH, total and volatile dissolved solids, 

total and volatile suspended solids, and 

turbidity. The test results confirm the possibility 

of cement-fiber-treated RAP material as an 

environmentally and structurally 

comprehensive alternative to non-bonded 

materials for base and subbase applications in 

pavement engineering. An experimental study 

on the use of building waste destroyed by the 

earthquake in the form of recycled aggregate in 

asphalt mixtures was considered by researchers 

[33]. The waste materials were treated in 

recycled aggregates and used in asphalt 

mixtures with natural limestone aggregates. 

Liquid silicone resin was used for the 

pretreatment of recycled aggregates due to the 

high absorption and low strength of the recycled 

aggregates. Various tests were performed, 

including physical properties tests, surface 

properties tests for each of the recycled 

aggregates before treatment, moisture 

susceptibility test, triple bending test, and 

permanent deformation tests for asphalt 

mixtures. The paper results established that 

recycled aggregate mixtures without treatment 

are not suitable for use in asphalt mixtures due 

to their high absorption capacity. However, pre-

treatment of recycled coarse aggregate with the 

used liquid silicone resin improves the 

absorbency, strength, adhesion to asphalt, and 

surface tension of the recycled coarse aggregate. 

A study presented the feasibility of using waste 

asphalt pieces as paving and under-paving 

materials for roads [34]. The results showed that 

the use of waste asphalt pieces as paving and 

under-paving materials for roads is possible and 

has been used by some transport agencies. The 

results also revealed that there are potential 

significant economic advantages if the asphalt 

cuttings used can be used as paving and under-

paving materials for roads. Nearly 30% of 

material costs can be saved with a 50/50 

combination of used asphalt waste and natural 

aggregates. A comprehensive review of several 

experimental studies on the use of asphalt cutter 

paving was presented [35]. The used treatment 

was a mixture of natural aggregate with pieces 

of used asphalt, cement, and a mixture of used 

asphalt pieces with lime. The authors discussed 

the main results of these studies, including the 

ratio of used asphalt to natural aggregate. Also, 

the study discussed in this review is the 

percentage of stabilizing factor, modulus, 

strength, and creep deformation of used asphalt 

cuttings treated under static loading, and 

permanent deformation of the used asphalt 

cuttings treated under cyclic loading. Lastly, the 

importance of RAP amount on the resilient 

modulus behavior, shear strength, and hydraulic 

conductivity characteristics of unbound 

granular base materials were discussed in a 

paper [36]. The standard tests include modified 

compaction, California Bearing Ratio (CBR), 

conductivity, and repeated and static triaxial. 

While, the microstructure tests include, the X-

ray computed tomography (CT) scanning 

technique. According to tests results, the authors 

have demonstrated that mixing RAP with virgin 

aggregate produces superior quality material for 

road bases application. 

4. Rubbles of clay bricks in Mosul 

Bricks are known building units made of 

different materials used in the construction of 

houses and shops with heat, humidity, and 

sound insulation. Bricks consist of several types, 

including clay bricks, concrete bricks, regular 

fired bricks, glass bricks, and refractory bricks. 

In the past, clay bricks are made of clay and hay 

(straw) and are placed inside molds of certain 

dimensions. In the modern era, they are made 

from a mixture of clay, water, and some 

additives and are placed inside molds` of certain 

dimensions and pressed in high-pressure 

presses, and placed inside an oven with a 

temperature of (1000) degrees Celsius, to obtain 
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the required rigidity. The temperature is 

controlled to obtain certain specifications such 

as changing color, bearing weight, and 

temperature (such as bricks intended for 

building furnaces) as well as moisture 

absorption and thermal insulation. Brick debris 

abounds on the right side of the city of Mosul, 

especially the old city and the nearby 

neighbourhoods because it was built before the 

left coast (the new part of the city) and before 

the blocks were used in construction. They were 

grouped into piles in the destruction areas. 

Figure 6 (a and b). 

  

Figure 6. The bricks materials rubble dumped in separate places in Mosul 

Brick aggregate, a type of demolition and 

construction waste, is a demolition activities by-

product. Although there are a large number of 

studies focusing on the use of reclaimed asphalt 

slabs and crushed concrete aggregates in many 

geotechnical applications, limited research has 

been conducted on the use of bricks. An 

experimental study demonstrated the physical 

properties of demolition waste materials to reuse 

as fill materials for engineering purposes [37]. 

The researchers presented a study of the 

physical properties of three commercial types of 

cement and crushed bricks. The first material 

was crushed bricks, and the other two were 

similar concrete materials with different degrees 

of processing. Geotechnical properties, such as 

particle shape, particle size distribution, total 

impact, antifreeze, and fracturing values were 

studied. The results displayed that the two 

crushed concrete materials that have been 

treated to different degrees have similar 

properties that depend on their structure, such as 

water absorption and mixture density. In another 

study, the geotechnical properties of crushed 

bricks were displayed and suggested to use in 

paving aggregate applications [38]. The material 

was collected for laboratory work from a 

recycling facility in Victoria, Australia. The 

engineering properties of different percentages 

of crushed rock together with crushed brick 

mixtures obtained from large-scale 

experimental tests have been shown in this 

study. To determine the potential utility of 

crushed brick mixtures, the obtained 

engineering properties were compared with 

local road authority specifications currently 

used for lightweight paving or under-paving 

materials for drainage systems. The results of 

the laboratory tests indicated that, with an 

acceptable safety factor, up to 30% of crushed 

brick material could be added to the crushed 

rock mixture for applications for paving or 

under paving materials. 

The results of a laboratory program on the 

categorization of recycled crushed bricks and an 

evaluation of its performance as pavement basic 

materials were reported [39]. To evaluate their 

performance as a base material of pavement, the 

properties of recycled crushed bricks were 

compared to specifications of the local Road 

Authority of Australia. The experimental 

program was extensive and involved tests such 

as particle size distribution, particle density, 

compaction to modified Proctor specification, 
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water absorption, CBR, Los Angeles corrosion 

test, triaxial test, repeated triaxial load, pH test, 

and organic content. The results showed that the 

crushed bricks should be mixed with other 

materials of higher durability to improve their 

performance. The corrosion loss value for Los 

Angeles was above the sub-base material limits 

specified for pavements. Geotechnical test 

results show that it may be necessary to mix 

crushed brick material with other recycled 

blends to improve its performance in sub-

pavement applications and improve its 

durability. The shear strength of crushed bricks 

was above acceptable limits, particularly at high 

humidity levels. The repeated triaxial test 

proved that crushed bricks would perform 

satisfactorily at a humidity level of 65%. 

Repeated triaxial test results indicate that 

recycled crushed brick material and 65% water 

content are usable in under-pavement 

applications. 

A comprehensive laboratory study of the 

geotechnical behaviors of various demolition 

and construction wastes, including used asphalt 

sheets, crushed concrete aggregates, and 

crushed brick aggregates in potential pavement 

applications was conducted [40]. The 

researchers concluded that crushed concrete 

mixtures have more resistance than natural 

granular aggregates, while other materials need 

some treatment with additives to be used as the 

base material. 

Recently, a series of studies on the use of 

concrete rubble, asphalt aggregates, and bricks 

from demolition and construction rubble after 

being mixed with clay with low plasticity and 

used as paving materials for roads [25,26], [41-

47]. The researchers concluded that demolition 

and concrete construction waste can be mixed 

with clay in specific proportions for the paving 

layer by methods to increase durability and 

reduce swelling and plasticity and reduce 

environmental and economic problems around 

the world. A study showed the effect of the 

construction and demolition materials on 

expansive soils from Mosul city-Iraq on soil 

consistent limits [48]. It was found that the 

liquid limit and plasticity index reduced 

significantly, and the reduction percent is 

controlled by the demolition type. 

5. Conclusions 

This study included a review of previous 

researches and studies that dealt with the reuse 

of demolition and construction waste for 

geotechnical engineering, such as improving the 

soil or using it as paving materials or under 

paving in the roads. The study included three 

materials from demolition and construction 

waste, which are concrete rubble, asphalt 

materials, and bricks. The following 

recommendations can be concluded from the 

study: 

• With the beginning of the reconstruction 

operations of destroyed buildings and 

facilities, there is no clear plan for the 

process of dealing with demolition and 

construction waste. 

• The major method of dealing with the 

demolition and construction debris is by 

moving it to other places randomly or 

irregularly burying it without any 

strategies.  

• A small amount of demolition and 

construction debris was used as 

backfilling in a very specific area of the 

city, like Mosul university. 

• Many previous studies in the world have 

shown the possibility of reusing 

demolition and construction waste, 

especially concrete, asphalt materials, 

and bricks, in paving layers or under 

paving (base and sub-base materials) for 

various types of roads. 

• Several studies have shown the 

possibility of using demolition and 

construction waste, especially concrete, 

asphalt materials, and bricks, to improve 

the engineering properties of clay and 

organic soils such as increasing the 

resistance, reducing swelling and 

subsidence, and reducing plasticity. 

The study recommends conducting future 

studies focusing on the reality of demolition and 

construction waste scattered throughout Mosul 

and proposing correct scientific ways to deal 

with it and use it for various engineering 

purposes. 



Mohammed D. Abdulnafaa, Ayman W. Aldabag, Hanan H. Alghyat/ Diyala Journal of Engineering Sciences Vol (14) No 3, 2021: 109-119 

118 

 

 References 

[1] Oglesby, CH, Hw Parker, and GA Howell. 

Productivity Improvement in Construction. 

Mcgraw-Hill College, 1989.  

[2] Spencer, R. “Recycling Opportunities for 

Demolition Debris.” Biocycle 30, no. 11 (1989): 4–

42. 

 [3] Spencer, R. “Opportunities for Recycling C & D 

Debris.” Biocycle 31, no. 7 (1990): 56–58. 

[4] Apotheker, S. “Construction and Demolition 

Debris—The Invisible Waste Stream.” Resource 

Recycling 9, no. December (1990): 66–74.  

[5] Gavilan, Rafael M., and Leonhard E. Bernold. 

“Source Evaluation of Solid Waste in Building 

Construction.” Journal of Construction Engineering 

and Management 120, no. 3 (1994): 536–52.  

[6] Huang, Wen Ling, Dung Hung Lin, Ni Bin Chang, 

and Kuen Song Lin. “Recycling of Construction and 

Demolition Waste via a Mechanical Sorting 

Process.” Resources, Conservation and Recycling 

37, no. 1 (2002): 23–37.   

[7] Outwater, A., and B.  Tansel. Reuse of Sludge and 

Minor Wastewater Residuals. CRC Press, 1994.  

[8] Anik, D., C. Boonstra, and J.  Mak. Handbook of 

Sustainable Building: An Environmental Preference 

Method for Selection of Materials for Use in 

Construction and Refurbishment. London: James & 

James, 1996.  

[9] Donovan, C. T. . “Recycling Construction and 

Demolition Waste in Vermont.” Burlington, VT, 

USA , 1990.  

[10] Hassan, A.Qasim. “ESTIMATING AND 

RECYCLING OF CONSTRUCTION DEBRIS IN 

BASRAH GOVERNORATE” 14, no. 1 (2014): 

136–44.  

[11] Obaid, Ali Asghar, Ismail Abdul Rahman, Intidhar 

Jabir Idan, and Sasitharan Nagapan. “Construction 

Waste and Its Distribution in Iraq: An Ample 

Review.” Indian Journal of Science and Technology 

12, no. 17 (2019): 1–10.   

[12] Ahmod, Wleed Al. “Use of Construction Waste by 

Means of Recycling in Iraq and Poland.” Zeszyty 

Naukowe Instytutu Pojazdów/Politechnika 

Warszawska 2, no. 111 (2017): 9–16.  

[13] Ahmed, Ahmed Ahmed Anees. “Theoretical 

Aspects of Using Fragments of Destroyed Buildings 

and Structures of Iraq.” IOP Conference Series: 

Materials Science and Engineering 945, no. 1 

(2020).  

[14] Khaleel, Tareq, and Ahmed Al-Zubaidy. “Major 

Factors Contributing to the Construction Waste 

Generation in Building Projects of Iraq.” MATEC 

Web of Conferences 162 (2018): 1–6.   

`[15] Alajeeli, Hatem K. B., and Sajjad A. M. Al Kaabi. 

“A Study of Waste Management Reality in 

Construction Projects in : Literature Review Types 

of Solid Waste.” Wasit Journal of Engineering 

Science 4, no. 1 (2016): 75–92.  

[16] “Victorian Recycling Industries Annual Survey 

2009–2010,” 2009. 

[17] Kelley, Julie R, Lillian D Wakeley, Seth W 

Broadfoot, Monte L Pearson, Christian J Mcgrath, 

Thomas E Mcgill, Jeffrey D Jorgeson, and Cary A 

Talbot. “Geologic Setting of Mosul Dam and Its 

Engineering Implications,” 2007.  

[18] Al-Omari, Asaad, and Suhail Khattab. 

“Characterization of Building Materials Used in the 

Construction of Historical Al-Omariya Mosque 

Minaret in Mosul’s Old City, Iraq.” Ournal of 

Building Engineering 33 (2021): 101645. 

[19] United Nations Environment Programme. 

“Technical Note – Environmental Issues in Areas 

Retaken from ISIL: Mosul, Iraq,” no. august (2017).  

[20] O’Mahony, M.M., and G.W.E. Milligan. “Use of 

Recycled Materials in Subbaselayers.” 

Transportation Research Record 1310, no. 2 (1991): 

73–80.   

[21] Bennert, T., W. Papp Jr, A. Maher, and N.  

Gucunski. “Utilization of Construction and 

Demolition Debris Under Traffic-Type Loading in 

Base and Subbase Applications.” The 

Transportation Research Board 1714, no. 1 (2000): 

33–39.  

[22] Chini, Abdol R., Shiou-San Kuo, Jamshid M. 

Armaghani, and James P. Duxbury. “TEST OF 

RECYCLED CONCRETE AGGREGATE IN 

ACCELERATED TEST TRACK” 11, no. 

December (2001): 7–14.  

[23] Park, Taesoon. “Application of Construction and 

Building Debris as Base and Subbase Materials in 

Rigid Pavement.” Journal of Transportation 

Engineering 129, no. 5 (2003): 558–63.   

[24] R. Herrador, P. Pérez, L. Garach, and J. Ordóñez, 

“Use of Recycled Construction and Demolition 

Waste Aggregate for Road Course Surfacing,” J. 

Transp. Eng., vol. 138, no. 2, pp. 182–190, 2011,  

[25] Cabalar, A., D. Hassan, and M. Abdulnafaa. “Use of 

Waste Ceramic Tiles for Road Pavement Subgrade.” 

Road Materials and Pavement Design 18, no. 4 

(2017): 882–96.  

[26] Ibrahim, Omar Adnan, Ali Firat Cabalar, and 

Muhamd Dafer Abdulnafaa. “Improving Some 

Geotechnical Properties of an Organic Soil.” The 

International Journal of Energy & Engineering 

Sciences 3, no. 3 (2018): 100–112.  



Mohammed D. Abdulnafaa, Ayman W. Aldabag, Hanan H. Alghyat/ Diyala Journal of Engineering Sciences Vol (14) No 3, 2021: 109-119 

119 

 

[27] Silva, R. V., J. de Brito, and R. K. Dhir. “Use of 

Recycled Aggregates Arising from Construction and 

Demolition Waste in New Construction 

Applications.” Journal of Cleaner Production 236 

(2019): 117629.   

[28] Ok, Bahadir, Talha Sarici, Tugrul Talaslioglu, and 

Abdulazim Yildiz. “Geotechnical Properties of 

Recycled Construction and Demolition Materials for 

Filling Applications.” Transportation Geotechnics 

24, no. June (2020): 100380.    

[29] Guthrie, W. Spencer, Dane Cooley, and Dennis L. 

Eggett. “Effects of Reclaimed Asphalt Pavement on 

Mechanical Properties of Base Materials.” 

Transportation Research Record, no. 2005 (2007): 

44–52.  

[30] Sirigiripet, Sunil K. “Experimental and Field Studies 

on Recycled Materials As Pavement Bases,” no. 

August (2007): 24.  

[31] Warner, Justin D . “THE BENEFICIAL REUSE OF 

ASPHALT SHINGLES IN Roadway Construction.” 

UNIVERSITY OF WISCONSIN, 2007. 

[32] Hoyos, Laureano R., Anand J. Puppala, and Carlos 

A. Ordonez. “Characterization of Cement-Fiber-

Treated Reclaimed Asphalt Pavement Aggregates: 

Preliminary Investigation.” Journal of Materials in 

Civil Engineering 23, no. 7 (2011): 977–89.  

[33] Zhu, Jiqing, Shaopeng Wu, Jinjun Zhong, and 

Dongming Wang. “Investigation of Asphalt Mixture 

Containing Demolition Waste Obtained from 

Earthquake-Damaged Buildings.” Construction and 

Building Materials 29 (2012): 466–75.   

[34] Hoppe, J. EDWARD, D. STEPHEN LANE, G. 

MICHAEL FITCH, and SAMEER SHETTY. 

“Feasibility of Reclaimed Asphalt Pavement ( RAP 

) Use As Road Base and Subbase Material.” A 

Report: Virginia Center for Transportation 

Innovation and Research University of Virginia, 

Charlottesville, Virginia VCTIR 15-R6, 2015, 1–42.  

[35] Hana, Jie, and Jitendra K. Thakur. “Sustainable 

Roadway Construction Using Recycled Aggregates 

with Geosynthetics.” Zeszyty Naukowe Instytutu 

Pojazdów/Politechnika Warszawska 14, no. 1 

(2015): 342–50.   

[36] Mousa, Eman, Sherif El-Badawy, and Abdelhalim 

Azam. “Evaluation of Reclaimed Asphalt Pavement 

as Base/Subbase Material in Egypt.” Transportation 

Geotechnics 26, no. March (2021): 100414.   

[37] Chidiroglou, Iordanis, Andrew K. Goodwin, 

Elizabeth Laycock, and Fin O’Flaherty. “Physical 

Properties of Demolition Waste Material.” 

Proceedings of Institution of Civil Engineers: 

Construction Materials 161, no. 3 (2008): 97–103.   

[38] Aatheesan, T., A. Arulrajah, M. W. Bo, B. Vuong, 

and J. Wilson. “Crushed Brick Blends with Crushed 

Rock for Pavement Systems.” Proceedings of 

Institution of Civil Engineers: Waste and Resource 

Management 163, no. 1 (2010): 29–35.  

[39] Arulrajah, A., J. Piratheepan, T. Aatheesan, and M. 

W. Bo. “Geotechnical Properties of Recycled 

Crushed Brick in Pavement Applications, Journal of 

Materials in Civil Engineering.” Journal of Materials 

in Civil Engineering 23, no. 10 (2011): 1444-1452.  

[40] Arulrajah, A., J. Piratheepan, M. M. Disfani, and M. 

W. Bo. “Geotechnical and Geoenvironmental 

Properties of Recycled Construction and Demolition 

Materials in Pavement Subbase Applications.” 

Journal of Materials in Civil Engineering 25, no. 8 

(2013): 1077–88.   

[41] Cabalar, A., M. Abdulnafaa, and Z. Karabash. 

“Influences of Various Construction and Demolition 

Materials on the Behavior of a Clay.” Environmental 

Earth Sciences 75, no. 9 (2016): 841–900.  

[42] Cabalar, A., O. Zardikawi, and M. Abdulnafaa. 

“Utilisation of Construction and Demolition 

Materials with Clay for Road Pavement Subgrade.” 

Road Materials and Pavement Design 20, no. 3 

(2019): 702–14.   

[43] Cabalar, A., M. Abdulnafaa, and H. Isik. “The Role 

of Construction and Demolition Materials in 

Swelling of a Clay.” Arabian Journal of Geosciences 

12, no. 11 (2019): 361–70.   

[44] İşbuğa, Volkan, Ali Fırat Çabalar, and Mohammed 

Thafer Abdulnafaa. “Large-Scale Testing of a Clay 

Soil Improved with Concrete Pieces.” In 6th 

International Multidisciplinary Studies Congress, 

95–100, 2019.  

[45] Cabalar, A., M. Abdulnafaa, and V. Isbuga. “Plate 

Loading Tests on Clay with Construction and 

Demolition Materials.” Arabian Journal for Science 

and Engineering, 2020.   

[46] Al-obaydi, Moataz A, Mohammed D. Abdulnafaa, 

Orhan A. Atasoy, and Ali Firat Cabalar. 

“Improvement in Field CBR Values of Subgrade 

Soil Using Construction-Demolition Materials.” 

Transportation Infrastructure Geotechnology, 2021.  

[47] Abdulnafaa, Mohammed, Muwafaq Awad, Ali 

Cabalar, Nurullah Akbulut, and Burak Ozufacik. 

“Hydraulic Conductivity and Undrained Shear 

Strength of Clay- Construction and Demolition 

Solid Waste Materials Mixtures.” Soils and Rocks 

44, no. 2 (2021): 1–9.  

[48] Mohialdeen, Omar K., Suhail I.A. Khattab, and 

Kossay K. Al–ahmady. “Utilization of Mosul City 

Demolition Waste to Improve Some Soil 

Engineering Properties.” Key Engineering Materials 

857 KEM (2020): 374–82.  


