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A B S T R A C T 

Iraq industrial activities related to huge amounts of solid, non-biodegradable waste, waste 
low density Polyethylene (LDPE) plastic being among the well-known. So in this study, 
the scarped LDPE food boxes were transformed into fine particles and used as a sand for 
cement mortar and concrete. LDPE wastes were utilized to alter 0 to 25% of fine 
aggregates in mortar mixtures and 0% to 30% in concrete mixes at an increment of 5%. 
Compressive strength and dry density were tested for all mortar and concrete specimens.  
In addition, splitting tensile strength and ultrasonic pulse speed were tested for specimens 
of concrete.  Results show that mass, pulse speed of ultrasonic, splitting and compressive 
tensile strengths were lowered as the size of LDPE raised. The lowest value of dry density, 
compressive strength and splitting strength was 2240 kg/m3, 18.7 MPa and 1.68 MPa, 
respectively, for 15% replacement of sand by the LDPE waste in concrete specimens. 
Whilst, the value of ultrasonic pulse velocity of LDPE concrete mixtures tends to decline 
lower than the reference values, but it remains nearly to the stander concrete mixtures and 
can be classified as excellent quality concrete. The density and compressive strength were 
decreased by using LDPE waste in mortar mixes for all replacement ratios reaching 12% 
and 42% respectively for 25% substitute. 

1 Introduction 

 Various kinds of polymers are in use today, because of their satisfactory properties and relatively low cost. There is no 
doubt that this large usage is accompanied with a huge quantity of post consumed wastes. These wastes are increasing day 
by day and can cause a severe attack to the land and the environment. To solve this problem there is a need to set a program 
for the waste stream management. Unfortunately, till now most of the post consumed plastic wastes are transferred to land 
filling. However, this process is not accepted in most of the developed countries and other methods of recycling, including 
mechanical recycling, chemical recycling or the combination of the two methods usually are followed. One type of plastics 
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is Polyethylene (PE); the polyethylene divided into two main kinds, the high density polyethylene (HDPE) and low-density 
polyethylene (LDPE). HDPE is stiffer and tougher than LDPE, and is every time white milky color, even when very thin. It 
is utilized for manufactures sheath and bags, detergents, fine drinks glasses, toys, cosmetic containers, jerry cans, crate, 
garbage and other domestic materials [1]. LDPE is smooth, flexible and cutting easy, with the candle wax feeling. When it 
is very thin, it is clear; when thick, it is white milky, except if added pigment. Used of LDPE in the film bags manufacture, 
sheeting and sacks, food boxes, bang-mildew glasses, hosepipes and pliable piping, domestic materials such as bowls and 
buckets, sheaths of telephone cable and toys etc.. Nowadays, there is a large amount of LDPE wastes in Iraq as a result of 
industrializes actions and it requires to removal this waste.  There is a chance to use another method of recycling via shredding 
different concrete properties with a normal aggregate partly plastic aggregate altered came from different plastic wastes.  

Ismail and AL-Hashmi [4] applied waste plastic utilized  as a smooth aggregate partial altered by 0%, 10%, 15%, and 
20% by weight and the mixtures of concrete was evaluated at period 3, 7, 14, to 28 days. These parameters include solidity 
index, compressive strength, fresh density, slump, dry density and flexural strength. The mixtures of waste plastic concrete 
slump results manifested a trend to reduce lower the plunge of the reference mix of concrete. Also, the dry and fresh density 
and flexural strengths and compressive have a trend to reduce with rising the ratio of waste plastic on whole treated ages. 

Choi et al. [5] explained in their research the mortar characteristics and concrete including fine aggregate made from 
waste reprocess polyethylene terephthalate (PET) glasses as waste plastic lightweight aggregate (WPLA). The mixtures of 
concrete were utilized with water to cement ratio (w/c) of 0.45, 0.49 and 0.53. For each round of concrete, the alteration of 
WPLA by ball of fine aggregate was 0%, 25%, 50% and 75%, respectively. They reported that for WPLA 25%, 50% and 
75% concrete mixtures, decreased of the compressive strength, 6%, 16% and 30% respectively, when average contrasted to 
the stander concrete. 

Akcaozoglu et al. [6] achieved investigation on two mortar sample groups; one just synthetic with PET aggregates and 
the other was synthetic both sand aggregates and PET. Furthermore, 50% of cement on mass basis was replaced with blast 
furnace slag. The authors found that the compressive, weight of unit, the flexural and values tensile strength, sand aggregates 
and carbonation deepness of the mortars including PET together to be high-rise than the only PET aggregates mortars 
including.  

Hannawi et al. [7] utilized (PET) waste and polycarbonate (PC) as partially alters of the sand in mortar. Different volume 
portions of sand, 3%, 10%, 20% and 50% were altered by the same used plastic volume. The results showed that the waste 
plastic mixtures dry density values tendency to reduce by 19% and 24%, respectively; for 50% PET and PC plastic aggregates; 
increasing PET and PC aggregate content lead to decreased flexibility modulus and the strength compress in the mixtures. 
The authors did not observe important variations in the mortar specimens up to 20 % PC-aggregates and flexural strength up 
to 10 % PET-aggregates with the same texture. Moreover, reduce of 9.5 and 17.9 % for mixtures with 20 and 50 % PET-
aggregates, respectively, were noticed. For add with 50 % PC aggregates, a reduction of 32.8 % was calculated. 

Rai et al. [8] utilized waste plastic plates as a partial sand replacement in different ratios (0%, 5%, 10%, and 15%) by 
volume with and without superplasticizer. The authors stated that there is a sharply declining in slump results with increase 
the ratio of waste plastic; fresh and dry density during all treated age tend to drop with raising ratio of waste plastic for every 
concrete mix. Also, they found, at every curing age, flexural strength and the compressive estimations of plastic waste 
concrete blends reduce by raising the ratio of waste plastic. 

Rahman et al. [9] studied the possible by using waste polymeric materials recycled alteration for concrete aggregates. 
The waste polymer divided into three kind, namely high density polyethylene (HDPE), tire of cars and widened polystyrene 
(EPS), were used in this study. The results indicated that addition of waste polymer lowering absorption of water and concrete 
porosity. It also lowered the compressive strength with increase the waste polymer content for the concrete. 

Safi [10] explained using of the plastic waste impact such as a fine aggregate on self-compress mortar action. The sand 
was replaced with the plastic waste at ratios (0%, 10%, 20%, 30% and 50% by weight of the sand). According to results 
obtained, the bulk density, the porosity, the compressive and flexural strengths of self-condense mortars reduced with 
increasing content of plastic waste at all curing ages. The results showed a little lower o sound velocity of self-condense 
mortar for any sand replacement by plastic waste, contrasted to the reference mortar at all treated age. 

Rahmani et al. [11] discussed the concrete mechanical characteristics that contain waste PET particles at proportions 
(5%, 10% and 15%) as a partial altered of sand with two w/c ratios (0.42, 0.54). The results explained that the workability of 
fresh concrete, fresh and dry weight was lowered as the amount of PET content was raised. The optimum flexural strengths 
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and compressive found at 5% PET replacement of sand. However, further increasing of PET contents reduced modulus of 
elasticity, splitting, speed of ultrasonic pulse, compressive and flexural strengths of samples of concrete.   

Saikia and Brito [12] investigated using of PET waste as a concrete part substitution of, natural aggregate mixes by 5%, 
10% and 15% by an same volume of three differing sized and shaped PET-aggregates results showed that fresh concrete 
slump somewhat raise due to the addition of PET-aggregate shaped as pellet. While, flakier plastic aggregate heavily reduces 
the fresh concrete slump and extra reduces as the substance and the amount of the PET-aggregate raise. Tensile splitting, 
compressive, modulus of elasticity and flexural strengths of concrete sour because of  the combination of PET-aggregate and 
the worsening characteristics emphasize with higher aggregate content. The variations in PET-aggregates texture, shape and 
size alter the water to cement ratio in addition to the fresh concrete mixtures slump, which finally mechanical behavior 
change. The scraping impedance of mixtures of concrete including different kinds of PET aggregate is bestowed than that of 
the stander concrete.  

Azhdarpour [13] utilized PET waste fragments such as substitute of sand by ratios 5% to 30% at an increment of 5% in 
concrete mixes.  Their results revealed that dry density and fresh of concrete decreases by increasing PET fragment content. 
Compressive concrete strength goes up to 39% and 7.6% by alter 5% and 10% of the concrete aggregates with plastic 
fragments, respectively. Moreover, this replaces increased the concrete deformability and minimize elasticity modulus of 
concrete. 

The ratio of waste plastic was raised and remediation age makes specimen more distortion prior fail; subsequently, at 
the30% ratio of aggregate substitute, concrete express a behavior as a creep. The sound speed reduced along with the PET 
ratio rise in concrete. Addition PET fragments of 5% and 10% ratio were strengthened concrete flexural strength. In spite of 
that, the replacement higher than 10% leads to flexural strength decrease. When added of PET in concrete aggregates 
replacement (5–15%), the concrete tensile strength of aged 28 days go up to 26–34%, respectively. More accurately, in all 
ratios, increased strength of tensile all time. 

Irwan et al [14] studied patterns of reinforced concrete beam and the cracking propagation consist of PET aggregate as 
fine aggregate that expose to cut. The substitute of sand with PET aggregate was 25%, 50% and 75%. Their results explained 
that density, modulus of elasticity, compressive and split tensile strengths reduced by using PET aggregate which affect the 
activity of structural concrete in resisting cuts stresses.  Also, they found that PET aggregate inclusion was reduce the primary 
cracks loading to 27%, 38% and 46%  to 25%, 50% and 75% PET, respectively, contrasted with their ordinary identical 
cement; so that, affecting resistance of cut of the constructional ray particularly the beam capability to resist shear through 
interlocking and interface rubbing amidst aggregate.  

Albano et al. [15] mentioned the concrete mechanical manner with PET recycled, different the PET content (10% and 
20%), the size of molecules and water/cement ratio (0.50 and 0.60). Moreover, the PET thermal degradation influence in the 
concrete was considered, when the mixtures revealed to various temperatures (200, 400, 600 ºC). The results showed that 
PET-filled concrete, when the size of PET particle raised and volume proportion, expressed a decline in compress and 
cleavage tensile strengths, modulus of flexibility and speed of ultrasonic pulse, so that, increased the absorb of water. 
Furthermore, the concrete-PET flexural strength when introduce to a heat provenance was highly based on the water/cement 
ratio, temperature, the PET content and particle size as well. Also, the energy activity was influenced by the PET molecules 
site at the flags ratio of water /cement and temperature. 

Al-Manaseer and Dalal [16] investigated the aggregate of plastic was effect of on the bulk density, modulus of flexibility, 
compress and splitting tensile strengths of concrete. They made twelve concrete mixtures with variant w/c including variables 
(0%, 10%, 30%, and 50%) percentages of plastic aggregates. The maximum size of used plastic aggregates was 13 mm. They 
concluded that all studied characteristics of concrete decreased with increasing content of aggregates plastic.  Decrease the 
thickness of concrete by 2.5%, 6%, and 13% for concrete containing 10%, 30%, and 50% plastic aggregates, respectively. 
There were 34%, 51%, and 67% compressive strength decrease in the concrete containing plastic aggregates 10%, 30%, and 
50% respectively. The tensile strength cleavage was present to be reduced when w/c was raised and reduced by 17% for 
concrete 10%contain of plastic aggregates. The samples of concrete contain aggregates of plastic which are splitting failure 
didn't reveal the typical fragile failure has been seen in the conventional concrete case. Higher w/c ratio reduced the modulus 
of flexibility which diversified amid 24.3 GPa for no plastic aggregates carrying concrete (w/c = 0.28) to 8.6 GPa for 50% 
plastic aggregates carrying concrete. 
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Marzouk et al. [17] utilized PET waste as complete and partial sand replacements in composites of concrete. Different 
sand fractions volume ranged from 2% to 100% were replaced by the granulated plastic at the same volume, and different 
PET aggregates sizes. They recorded alteration of sand at a grade beneath half through the volume with PET granulate, that 
superior granulated outline approaches 5 mm, impacted neither the strength of flexural nor the compressive goodness of 
compound and plastic tankard opened into very small molecules of PET might be efficacious utilized as sand-alter aggregates 
in mixes of concrete cementitious. 

 A value below 50% by volume with granulated PET, higher limit of grainy equals 5 mm, influenced neither the flexural 
strength nor the compressive strength of mixes and plastic, glass ruptured into little PET fragment might be utilized 
effectively like sand- aggregates alteration in mixtures of cementitious concrete.  

Batayneh et al. [18] searched the compressive, impress of ground plastic on the slump, splitting and flexural strengths of 
concrete. Mixtures of concrete more than 20% of particles of plastic are fit to shift the smooth aggregates partially. They 
mentioned that the plastic material, supplemented leads to a decrease in the strength characteristics and slump. For a 20% 
substitute, the compressive strength manifested a high decrease more than 72% of the principle strength of 0% plastic particle 
content and reduced the stagnation to 25% of the reference values of slump. With 5% substitution the compressive strength 
revealed a lowering 23%. The same manner, so in a minimize impact, was noticed in both the flexural strengths and splitting 
of the specimen that assessed.  

Ghernouti et al. [19] studied using  of a plastic bag waste matter (PBW) in the concrete formulation as fine aggregate by 
replacement of different sand percent (10, 20, 30 and 40 %). The PBW impact on the characteristics of solid status and the 
fresh of concrete: intensity volume, workability, ultrasonic pulse speed examines compressive and flexural strengths of the 
variant concretes, were studied and compared to the control concrete. Our results revealed utilize of PBW which enhance the 
ability of work and decreases the density. While there was a lowered in the mechanical characteristics of concrete with the 
increasing PBW amount, which keeps on evermore near reference properties of concrete. They mentioned a drop of 
compressive strength at 28 days around 10 and 24 % for the concrete's consist of 10 and 20 % of PBW individually. 

Kou et al. [20] studied the splitting strength, compressive strength, modulus of flexibility, dry shrinkage, Poisson’s ratios 
and the impedance to chloride ion inside of concrete PVC particles containing come from PVC pipes scraped.  The decreasing 
in 28- day concrete mixes compressive strength prepared by 5%, 15%, 30% and 45% replacing of naturalistic fine aggregate 
through molecules of PVC were respectively 9.1%, 18.6%, 21.8% and 47.3% with regard to the mix control. The replacement 
of fine aggregate 5%, 15%, 30% and 45% by PVC molecules decrease the pliability modulus by 6.1%, 13.8%, 18.9% and 
60.2%, respectively, contrasted of concrete control. They record a Poisson’s ratio increasing with raising the PVC waste 
aggregate contents in concrete. They found nearly 36% lower the whole freightage moved via the 28-day cured concrete, 
prepared by 45% natural aggregate replacing by granules of PVC compared to the reference concrete. According to them, 
the resistance was increased to penetration of chloride ion of concrete is referred to the blocking of impermeable molecules 
of PVC. There was a lower trend of drying retraction with raising PVC granule contents.  

Naik et al. [21] and Naik et al. [22] developed a chemical chain between cementitious matrix and plastic particles using 
chemical treatments. They accomplished experimentally utilizing of post-consumer HDPE plastic waste in concrete. Added 
to the concrete a plastic particles ranged from 0 to 5% of the whole mixture by weight. To raise the bond strength between 
the concrete matrix and the plastic molecules, the plastic particles were undergone to 3 chemically treat (bleach, water, bleach 
+ NaOH). Evaluated  the concrete compressive strengths were done with molecules of plastic or without. All mixtures of 
concrete gave minimal compressive strength contrasted the stander concrete; so that, the plastic containing mixture handle 
with bleach plus NaOH gives the best performance, followed the plastic sample treated by the water. The results manifested, 
that 0.5% of plastic can be utilized in concrete without the pressure of the compressive strength. Following 0.5% of plastic 
particles addition of the concrete weight, the strength of concrete was decreased. They proposed that plastic process shall 
done to get peak portion ratios for enhancing the plastic filler activity because of its raised bond area and its ability of load 
transfer.  

Ohemeng et. al [23]  studied the usage feasibility of waste low-density polyethylene (LDPE) as a sand partial alteration 
in the concrete make pavement blocks. The ratio of the mixtures was 1: 1.5: 3 (cement: sand: coarse aggregate). The used of 
the plastic was to substitute the sand by volume at 0%, 10%, 20%, 30%, 40%, 50%, and 60%. It was shown, that compressive 
strength, density, flexural strength, and strength of splitting tensile lowered as raised the plastic content. Moreover, the 
soaking up of water was raised as the plastic was increased. The level of compressive strengths ranged from 14.70 MPa – 
47.29 MPa were accomplished when water cement ratios of 0.30 – 0.45 were used. They concluded that the modified 
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pavement blocks are satisfying for ways light traffic, pedestrians walking and dense traffic status respectively if 10% - 50% 
plastic contents are utilized; and this modified pavement block can be contributed to discarding plastic materials across the 
world. 

Hilal NN et.al [24] used polyethylene waste as alter sand partially in production SCC and they showed it is possible to 
produce LWSCC by using a suitable percent of polyethylene waste substitution with fine aggregate. In addition, their 
workability enhanced and ductility improved, while the mechanical properties stay within the acceptable limits. 

From the preceding review, the utilize of waste plastic in concrete is growing more and more depending on the necessary 
sustainability of aggregate and the environmental require. According to the recent reviews, it can be observed that there is a 
significant amount of researches that studied concrete mechanical characteristics which involved PET molecules like a fine 
aggregate alteration partially. So, research had been studied the impact of the LDPE- aggregates on the physical and 
mechanical characteristics of concrete by one study. Therefore, further research is needed to assess PE waste as an aggregate 
in concrete manufacture. In this work, this investigation is carried out. Research significance 

2 Experimental program 

2.1 Materials 

The utilized materials in the present study for producing a normal strength concrete or mortar mix are water, cement, 
coarse aggregate, fine aggregate, and polyvinyl chloride (PE) waste granules. Ordinary Portland cement produced by the 
cement factory Al-Mass was adopted for all mixes. The physical and chemical, cement properties are presented in Tables 1 
and 2, respectively.  

Table 1- Physical Properties of Cement 

Limits of Iraqi Specification No.5/1984 Test result Physical properties 
 

≥45 minutes 

≤ 600 minutes 

 

120 

360 

Setting time(minutes) 

Initial setting 

Final setting 

≥  230 300 Fineness by Blaine method (m2/Kg) 
≤ 0.8 0.31 % Auto Clave 

Table 2- Chemical Properties of Cement  

Oxide Weight (%) Limits of Iraqi Specification No.5/1984 
CaO 62.3 - 
SiO2 20.28 - 
Al2O3 5.55 - 
Fe2O3 4.20 - 
MgO 2.60 < 5.0 
K2O 0.75 - 
Na2O 0.4 - 
SO3 2.5 <2.8 
Lime saturation factor 0.81 0.66 – 1.02 
Insoluble Remains 0.5 < 1.5 % 
F.L 0.65 - 
Total 99.63 - 
Compound 
 

Weight (%) Limits of Iraqi Specification No.5/1984 
C3S 50.05 - 
C2S 20.45 - 
C3A 4.05 - 
C4AF 13.20 - 
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It is explained that the cement used is conforming to Iraqi Specification No. 5/1984. The current study used the fine 
aggregate that was saturated surface dry clean river sand and its properties are given in Table 3. Fine aggregate classes were 
obtained from sieve analysis is shown in Fig. 1. One can show that the actual grading curve falls at of Iraqi Specification 
limits No. 5/1984 limits. Clean river gravel of 12.5 mm upper limit size and specific gravity of 2.66 coarse aggregates utilized 
for all mixtures. Sieve results analysis, examination are illustrated in Fig. 2. It is observed grading of coarse aggregate 
conforms to Iraqi Specification No. 5/1984 limits. Clean potable water was utilized for both concrete mixes and curing of 
concrete samples. PE waste granules have been taken from recycled plastic factory located in the industrial area at Baghdad. 
It consists of fine particles of size less than 4.75 mm and grading of the used PE is shown in Fig. 3. Table 3 showed the waste 
plastic mechanical and physical properties measurement. A waste plastic specimen is illustrated in Fig. 4. 

Table 3- Average properties of PE used in this study  

Property Values 
Color green color 
Water absorption, 24 h (%) 0.02 

]3Density [kg/m 1440 
Specific gravity  0.94 
Tensile strength [MPa] 52.9 
Modulus of elasticity [GPa] 3.14 

 

Fig. 1- Grading curves of the fine aggregate  

 

Fig. 2- Grading curves of the coarse aggregate 
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Fig. 3- Grading curves of the LDPE used 

 

Fig. 4- Sample of waste plastic 

2.2 Test Program 

The test program was arranged to investigate the concrete and mortar mechanical properties with fine aggregate replacement 
by LDPE plastic waste granules. The mechanical characteristics of the reference concrete with 0% LDPE granules were also 
measured. For this purpose a test program was accomplished in the laboratory. Six mortar mixes were prepared, identical 
except fine aggregate is replaced with LDPE granules volumes of 0%, 5%, 10%, 15%, 20% and 25%.  For concrete 
specimens, seven mixes were done in which fine aggregate substitute via LDPE granules volumes of 0%, 5%, 10%, 15%, 
20%, 25% and 30%. Accordingly, a total of eighteen cubes of mortar of 50 x 50 x 50 mm and twenty one cube of concrete 
of 100 x 100 x 100 mm were cast for compressive strength, dry and fresh density tests and twenty eight cylinders of φ100 x 
200 mm were cast for splitting tensile strength and ultra plus velocity experiments. It is worthy to demonstrate the designation 
used for concrete and mortar specimens. The symbol MP is used for mortar specimen, CP is utilized for concrete specimens 
and the number beside the mentioned symbols is the LDPE volume. For example CP10 is specimen made of concrete with 
10% LDPE granules volume. 

2.3 Concrete mixes and mixing   

Mix proportion for all concrete mixtures was 1: 1.5: 3 (cement: fine aggregate: coarse aggregate by weight) with ratio of 
water/ cement equal to 0.4 and  quantity of cement, coarse aggregate, fine aggregate and water was changed for all mixtures 
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to keep the same proportion as illustrated in Table 4. The mix proportion for all mortar specimens was 1:2 and water/ cement 
ratio equal to 0.4, where the amount of cement, fine aggregate and water was altered for all blends to keep the identical 
proportion as shown in Table 5. The two procedures were performed utilizing electrical tilting drum of 0.16m3 capacity in 
the laboratory. Pre to casting, each inner surface of the molds was carefully oiled using lubricant oil. Mixing and casting were 
done in the laboratory at the surrounding temperature of 25±1oC. Firstly, a small amount of cement was mixed with the 
gravel and sand or PE granules for about three minutes until they coated by fines. The remaining cement and water were 
added to the mixture and the materials were let to mixtures for another 3 min ( see Fig. 5)  

Specimen molds were filled with concrete in 3 layers, every layer undergoes to an exterior vibration. The cast concrete 
or mortar top surface of well leveled using a trowel. The specimens were demolded after 24 hours from casting. Curing of 
all specimens was done in the lab at 25±1 Co temperature . All samples were water handled in a container for 28 days, later 
left in the laboratory for little days to dry before testing. 

Table 4- The materials used for concrete mixtures  

Symbol  Cement 
[kg/m3]  

Gravel 
[kg/m3] 

Sand 
[kg/m3]  

Water 
[kg/m3] 

LDPE 
[%] 

LDPE 
[kg/m3] 

CP0 417.7 1251 626.55 167.1 0 0 
CP5 407.6 1221 590.15 163.4 5 30.57 
CP10 397.6 1191 555.8 159 10 59.46 
CP15 388.1 1164 523.8 155.2 15 87.42 
CP20 379.2 1137 492.7 151.7 20 113.8 
CP25 370.9 1113 463.79 148.4 25 139.1 
CP30 362.5 1088 435 145 30 173.3 

Table 5- The materials used for mortar mixtures 

Symbol LDPE [%] LDPE 
[kg/m3] 

Cement 
[kg/m3] Sand [kg/m3] Water [kg/m3] 

MP0 0 0 679 509.4 271.6 
MP5 5 67.94 641 471 256.4 

MP10 10 128.68 607 434.6 242.8 
MP15 15 183.74 576 402 230.4 
MP20 20 233.32 549 372.8 219.6 
MP25 25 290.97 524 345.8 209.6 

 

Fig.5- Casting of concrete specimens 

2.4 Test of specimens 

1. “Fresh densities: all cubes are measured after molding and compacting immediately according to B.S.1881, part 5 
[25].  
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2. Dry densities: The cubes taken from the curing water basin just before compression strength measured according 
to B.S.1881, part 5.  

3. Compression strength test: (50* 50 *50) mm mortar cubes and (100* 100 *100) mm concrete cubes were prepared 
according to B.S.1881, part 7. The cubes were tested directly after taken out of water while they were still wet. 

4. Strength of splitting tensile test: The splitting tensile strength has been done according to the ASTM C496-04 [26]. 
Cylinders of (100×200) mm were used and tested at 28 days. Placed two thick steel strips between the specimen 
and both the upper and the lower bearing blocks of testing machine, which was a hydraulic compression machine 
(see Fig. 6). The consists of test are put a compressive force with the cylindrical concrete specimen length until 
occurs the failure. 

5. Ultrasonic pulse velocity test: The ultrasonic pulse velocity (UPV) test was applied according to ASTM C597 -09 
[27]. PUNDIT device as shown in Fig. 7 was used in testing cubes and cylinders at age of 28 days. 

The method of measuring (UPV) depended on the time (T) needed for the waves to pass a distance (L) in concrete. In 
order to ensure stable transit time, grease and pressure were applied between the test object and the contact faces of the 
transducers”. 

  

Fig. 6- Testing  of cylinder specimen 

 

Fig. 7- UPV test of cube specimen 
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3 Results and Discussion 

3.1 Density of concrete and mortar 

Results of dry densities of LDPE granule concrete and mortar mixes are seen in Fig. 8. This data show the dry density of 
concrete tends to reduce by the same manner reaching upper decreasing 8.6% for CP30 as given in Table 6. Whilst dry density 
of mortar is decreased by slightly higher difference contrasted to density of concrete and upper reduction reached 12% for 
MP25 and lowest density as presented in Table 6.  This decreasing may be attributed to density of LDPE particles which are 
less than the sand and leads to dry density reduction. However, the lowest dry density is 2240 kg/m3 for CP30. From obtained 
data, the Mathematical model for prediction of density (kg/m3) of concrete and mortar is as follows: 

 γcdP/ γcd =  0.9897- 0.0051(VLDPE)+ 9*10-5 (VLDPE) 2     (1) 

 γmdP/ γmd = 0.9858 - 0.0114 (VLDPE)+ 0.0003 (VLDPE) 2  (2)  

In which γcd, γmd are dry density of concrete and mortar without LDPE, γcdP, γmdP are dry density of concrete and 
mortar with LDPE and VLDPE is the LDPE volume. For the relationship one R2 is equal to 0.90 and R2 is 0.88 for relationship 
two. 

 

Fig. 8- Relative dry density and LDPE volume for concrete and mortar 

3.2 Concrete compressive strength 

The Fig. 9 showed the results of compressive strength. One can find that there is decreasing of the strength of mortar and 
concrete when different volume of LDPE particles is added, as given in Table 6. This decreasing can be attributed to the 
decrease LDPE aggregate elastic modulus contrasted to ordinary fine aggregate, huge volume of molecules of LDPE 
aggregates than ordinary fine aggregate, and weak of bonding between cement paste and LDPE aggregate because of water 
internal bleeds from the lightweight aggregates wholly saturated that surrounded and amassed the granules of waste LDPE. 
Also, the concrete compressive strength is decreased when LDPE granules are added, reaching less decrease 76 % for CP30 
compared to plain concrete (control mix). Additional reasons behind this strength lessening are approximately identical size 
of PE particles which led to increase pores size in the concrete internal structure and caused a strength reduction, and plastic 
is a hydrophobic material that may be restricted the water essential for hydration of cement from step inside a concrete 
specimens structure during a remediation period. Moreover, every compressive strength value is greater than the lower 
compressive strength requisite for structural of concrete to be 17.24 MPa.   

The failure samples of the concrete that consist of LDPE aggregates under effect of pressure not revealed the usual brittle 
kind of failure generally good for ordinary concrete. The experimental failure was further step by step failure, based on PE 
aggregates content. While LDPE aggregates content was raised, the failure type turned into more flexible. At end of the test, 
these samples including LDPE aggregates were able of carrying the compress for a little minutes with no full crush (see 
figure 10). Mathematical models using Excel programmed are getting to explain the relation between compressive strength 
(MPa) and PE aggregate content for concrete and mortar, which are as follows: 
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 fmP/fm = 0.9494 - 0.0414 (VLDPE)+ 0.0011 (VLDPE)2  (3) 

 fcP/fc= + 0.9738 -0.0078 (VLDPE)  (4)  

In previous relationships fm, fc are compressive strength of mortar and concrete without LDPE and fmP ,fcP are 
compressive strength of mortar and concrete with LDPE.  For the relationship three R2 is equal to 0.89 and R2 is 0.96 for 
relationship four.  

 

Fig. 9- Relative compressive strength and LDPE volume relationship for concrete and 

  

(a)                                (b) 

Fig. 10- views of specimens after compression test (a) CP10and (b) CP5 

3.3 Splitting tensile strength 

The splitting tensile strength results as in Fig. 11. It can be observed that all concrete mixes showed a strength of splitting 
tensile was reduce with raise volume of LDPE aggregate. The concrete tensile splitting strength is highly affected by 
interfacial transition zone (ITZ)characteristics; when the carriage attains its maximum value the possibility of engage amide 
LDPE particles on cracked surfaces decline because of short cylinder form of LDPE particles and its elasticity, reduce flexible 
modulus of granules of LDPE than that of the cement paste and internal bleed water from normal aggregates that surrounded 
and amassed the waste LDPE granules .In general, specimens consist of LDPE aggregates splitting fail do not reveal typical 
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brittle failure, which showed in case of control specimens. It found that these specimens with LDPE particles were more able 
of the splitting load resist afterward fail in the absence of  full degradation. The specimens do not divided into two fragment 
after reaching tensile strength, which because the approximately cylindrical shaped of LDPE aggregates can work as a viaduct 
amide the two pieces that splitted (see figure 12). Also, it noticed that the fail happened smoothly without whichever noise 
within fraction. From the experimental data, the empirical model for prediction splitting tensile strength (MPa) of concrete 
is as follows: 

  fspP/fsp = + 1.0007-0.0056 (VLDPE) (5) 

 In prior relationships fsp is concrete splitting tensile strength without LDPE and fspP is concrete splitting tensile strength 
with LDPE.  For this empirical equation R2 is equal to 0.99. Experimental data of mortar. 

 

Fig. 11- Relative splitting tensile strength and LDPE volume relationship for concrete 

       

(a) (b) (c) (d) 

Fig. 12- views of specimens after splitting tensile test, (a) CP0 (b) CP10,(c) CP20  and (d) CP30 

3.4 Splitting tensile strength and compressive strength relation 

From gotten data, it could suggested the splitting tensile strengths and compressive are intimately related. In fact, this is 
the case, but there is no direct proportion; the two strengths ratio based on the general concrete strength level. In other hand, 
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as the increases of the compressive strength and the tensile strength, also raise, but at a lessen rate [28]. From Fig. 13, it is 
apparent that splitting tensile strength is a compressive strength, function and the graph indicate that raising compressive 
strength will lead to raise in splitting tensile strength. It found an empirical formula to express relation between split tensile 
strength and compressive strength, which is as following: 

 fsp = - 2.6341+ 0.3679fc-0.0072 fc2 (6) 

 For this earlier formula R2 is equal to 0.96.  

 

Fig. 13- Splitting tensile and compressive strengths relationship for concrete  

3.5     Ultrasonic pulse velocity (UPV)  

Figure 14 presents the effect of LDPE aggregate on UPV for cubical and cylindrical specimens. It can be showed a slight 
decrease in UPV with increase PE aggregate content in the mixture. This is due to the fact that when an occurrence, wave 
goes through various elements (concrete, LDPE, holes), it be inverted and transferred partly, so, decreases its speed. As the 
UPV is a properties of the flexibility and volumetric components function concentrations, so replacement fine aggregate by 
LDPE granules will decrease UPV.  

 

Fig. 14- Ultrasonic pulse velocity and PE volume relationship of cubical and cylindrical concrete specimens 
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As seen in Table 6 reduction ratios of UPV are approximately similar for cubical and cylindrical specimens except CP30 
is dissimilar.  Although UPV reduces with increasing PE aggregate content, but its values are still in excellent category of 
concrete till 20% PE content and in a good class of concrete for (25% and 30%) LDPE content when evaluated with reference 
[29]. Results of UPV approve that incorporating LDPE granules in concrete mixtures do not make internal structures of 
blends more porous when the content of LDPE is low.  From obtained data, empirical formula found to relate the UPV with 
LDPE volume, which is as following:       

 UPE= 4.6139 -0.0074(VPE) (8)  

 Upvy = 4.6729 -0.0131( VPE ) (9) 

 

In prior formulas UPE  and  Upvy are ultrasonic pulse velocity of concrete cube and cylinder specimen with PE.  For 
formula (8) R2 is equal to 0.96 and R2 is 0.82 for relationship (9). 

Table 6- Results of concrete and mortar specimens 

Symbol 
Dry 
density 
[kg/m3] 

Compressive 
strength 
[MPa] 

Splitting tensile 
strength [MPa] 

Ultrasonic 
Pulse velocity 
of cube[km/s] 

Ultrasonic 
Pulse 
velocity of 
cylinder 
[km/s] 

Symbol  Density 
[kg/m3] 

Compressive 
strength 
[MPa]   

CP0 2450 24.54 2.05 4.62 4.65 MP0 2387 42.79 

CP5 2329 22.84 1.99 4.55 4.59 MP5 2176 29.02 

CP10 2316 21.48 1.94 4.57 4.54 MP10 2147 27.72 

CP15 2304 20.76 1.88 4.50 4.50 MP15 2141 26.41 

CP20 2272 19.77 1.85 4.47 4.46 MP20 2112 25.37 

CP25 2265 19.00 1.78 4.43 4.44 MP25 2101 24.61 

CP30 2240 18.70 1.68 4.39 4.16    

 

4 Conclusions 

The mortar and the concrete contained LDPE, as partial replacement of fine or coarse aggregate was discussed in this 
research. The compressive strength and dry density were obtained for the mortar. The UPV, dry density, compressive and 
splitting tensile strengths for the concrete were determined.   

When LDPE was used as partial replacement of fine or coarse aggregate in mortar and concrete respectively the dry 
density and compression strength were decreased. The rate of reduction in dry density and compressive strength for the 
mortar specimens was higher than those for the concrete specimens. The minimum values of the dry density were 2101, 2240 
kg/m3 for the mortar and the concrete respectively. The smallest values of compressive strength were 24.61, 18.70 MPa for 
the mortar and the concrete respectively. The splitting tensile strength of concrete decreased when the LDPE utilized as 
partial replacement of coarse aggregate, reaching 1.68 MPa for replacement 30% coarse aggregate by LDPE. Ultrasonic pulse 
velocity also decreased when LDPE was used as a partial replacement of coarse aggregate. The rate of reduction in UPV 
values of cubical specimens was slightly less than this rate of cylindrical specimens. However, the values of UPV indicated 
that concrete containing LDPE is still in a good class. Utilizing the LDPE as fine or coarse aggregate in mortar or concrete, 
respectively, changed the failure type from a brittle to a ductile.   

It can be said that using LDPE in mortar or concrete can save the natural aggregate, reduce the disposal of waste materials, 
and achieve less density and suitable compressive and splitting tensile strength for structural applications. 
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