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ABSTRACT: Recycling of aged and distressed asphalt concrete pavement is considered as one of the 

sustainable measures to restore the pavement quality. Various types of additives are usually implemented as 

rejuvenators for such process. In this investigation, an attempt has been made to recycle the laboratory aged binder 

by digestion with various percentages of polyethylene and crumb rubber. Specimens of 102 mm diameter and 63.5 

mm height have been prepared using Marshal Method at 150 °C at optimum binder content. Additional asphalt 

concrete specimens have been prepared using asphalt cement of 0.5% above and below the optimum asphalt content. 

Specimens were subjected to the indirect tensile strength test at (25 and 40) ºC, and double punching shear strength 

determination at 25 ºC. The temperature susceptibility and the resistance to moisture damage were determined. It 

was concluded that indirect tensile strength ITS at 25 ºC for polyethylene and crumb rubber recycled mixtures 

decreased by (35.4 and 19) % at optimum asphalt content while it decreases by (27.7 and 4.2) % and (9.8 and 23) %   

for mixtures with 0.5 % asphalt lower and upper than OAC respectively as compared to control mixture. Higher 

percentages of crumb rubber of (1 and 1.5) % were able to reduce the Temperature Susceptibility of asphalt concrete 

by (54.4 and 61) % as compared to control mixture. (0.5 and 1.0) % of polyethylene exhibit no significant variation 

in tensile strength ratio TSR as compared to the control mixture. On the other hand, 1.0 % of crumb rubber exhibit 

2.6 % increment in TSR as compared to control mixture. The addition of more asphalt content or rejuvenators 

exhibit negative influence on shear strength of asphalt concrete. 

      Keywords: Recycling, Asphalt Concrete, TSR, ITS, Shear Strength. 

 

1. INTRODUCTION 
Studies have been carried out by Pradyumna and Jain [1] to describe the comparison of properties of 

mixture with recycling agents, which has been prepared in laboratory and commercially available on the 

RAP material, and their performance has been compared with virgin mixes. Various performance tests 

such as Retained Stability, Indirect Tensile Strength (ITS) and Tensile Strength Ratio (TSR) have been 

conducted. Test results indicate that the bituminous mixes with RAP and recycling agent provide better 

performance compared to virgin mixes. The effect of type and amount of recycling agents on reclaimed 

asphalt mixtures shear, stripping and compressive properties was explored by Sarsam and AL-Janabi [2] 

to provide some valuable data on the proper materials to be used, and the performance of recycled 

mixtures. It was concluded that the percentages of variation for mixtures properties compared to mixtures 

with 50 % reclaimed materials were +3.6 %, +4.8 % for double punch shear, and compressive strength 

respectively, and the reduction in mixtures properties as compared to virgin mixture was in acceptable 

extent. The effect of inclusion of variable percentages of reclaimed materials after recycling into recycled 

mixtures was also investigated. Studies by Chen, et al. [3] state that use of recycling agent contribute 

towards decreases in the stiffness of oxidized binder by reducing the complex modulus of the blend. The 

impact of aging process on the properties of asphalt concrete was investigated by Sarsam and Al-Sadik [4] 

using both of short and long-term aging. Scrap tire rubber was introduced into asphalt cement to modify 

its physical and rheological properties. It was concluded that 8% of crumb rubber can overcome the 

negative impact of short- and long-term aging on overall asphalt cement and asphalt concrete properties 

and improves the rutting resistance at 1000 repetition by (32.4 % and 57.3%) for short- and long-term 

aging respectively.  Huang, et al. [5] found that recycled mixes have good resistance to moisture damage 
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at low RAP percentages whereas there is no significant increase in resistance to moisture damage with 

RAP percentage in mix. The chemical structure of asphalt binder is very complex, it is composed of four 

chemical fractions, namely asphaltenes, resins, aromatics, and saturates as reported by Pérez-Jiménez, et 

al. [6]. The asphaltenes portion is made of solid particles with high molecular weight and dispersed in a 

low molecular weight matrix made of the remaining three fractions which is referred as maltenes. With 

aging, the maltenes matrix in asphalt converts to stiffer higher molecular weight asphaltenes. Asphaltenes 

are largely responsible for increasing the asphalt viscosity, stiffness and lower its creep rate as stated by 

Firoozifar and Foroutan [7]. The role of rejuvenators is to restore the balance between asphaltenes and 

maltenes through adding more maltenes and/or improving the dispersion of the asphaltenes as stated by 

Mohammad, et al. [8]. By lowering the proportion of asphaltenes in an asphalt binder and/or preventing 

the asphaltenes from agglomerating, the stiffness of the asphalt binder can be lowered significantly. 

Laboratory tests were conducted by Shunyashree, et al. [9] on asphalt concrete mixes with 30, 40, 50, and 

60 percent replacement with RAP.   These test results were compared with conventional mixes and 

asphalt concrete mixes with complete binder extracted RAP aggregates. It was concluded that the 

optimum binder content decreased with increased in RAP in AC mixes. The Indirect Tensile Strength 

(ITS) for AC mixes with RAP also was found to be higher when compared to conventional AC mixes at 

30 °C. The influence of aging time on the indirect tensile strength, double punching shear, permanent 

deformation and fatigue life, have been investigated by Sarsam and Alwan [10]. It was concluded that 

aging process exhibits good resistance to indirect tensile strength at the three temperatures (25 °C, 40 °C, 

60 °C), while the shear increases It was stated by Mazzoni, et al. [11] that the addition of a rejuvenator in 

hot recycling leads to a corresponding composite bituminous blend which can be even less stiff than the 

associated virgin bitumen alone at the end of service life, suggesting significant benefits when dealing 

with high RAP contents. It is reasonable to expect that recycled asphalt mixtures prepared with virgin 

bitumen, rejuvenators and high amounts of RAP suffer fewer ageing phenomena and could also be less 

stiff than virgin mixtures. Sarsam and Saleem [12] assessed the prospects of using liquid asphalt (cutback 

and emulsion) as rejuvenation agent for pavement recycling. Asphalt concrete mixture obtained from site 

as rubblized binder course was tested for its existing physical properties, then rejuvenated with medium 

curing cutback or cationic emulsion. It was concluded that the temperature susceptibility decreases by (9 

and 24) % for cutback and emulsion treated mixtures as compared to control mix. The tensile strength 

ratio increases by (23 and 28) % for cutback and emulsion treated mixtures as compared to control mix. 

As reported by Lu, et al. [13], bitumen undergoes two different ageing phases: short- and long-term 

ageing. The former represents the ageing during plant mixing, transportation and paving and is related to 

oxidation and lighter components evaporation. Whereas the latter occurs during pavement service life and 

is mainly linked to oxidation and physical hardening. Presence of water, local climate, thickness of the 

bitumen film and, mostly, mix porosity represent the main factors that influence the degree of long-term 

ageing. 

The aim of this investigation is to recycle the laboratory aged binder by digestion with various 

percentages of polyethylene and crumb rubber. Specimens will undergo indirect tensile strength test at (25 

and 40) ºC, and double punching shear strength determination at 25 ºC. The temperature susceptibility and 

the resistance to moisture damage will also be assessed. 

 

2. MATERIALS AND METHODS 

2.1. Asphalt Cement 
Asphalt cement of 40-50 penetration grade was obtained from Dora refinery; the physical properties 

are tested in the laboratory and illustrated in Table 1. 

 
Table1. Physical Properties of Asphalt Cement 

SCRB [14] Specification  Unit Result Test procedure as per ASTM, [14]  
40-50 1/10mm 40 Penetration (25ᵒC, 100g, 5sec) ASTM D 5 

≥ 100 Cm 167 Ductility (25ᵒC, 5cm/min). ASTM D 113 

50-60 ᵒC 54 Softening point (ring & ball). ASTM D 36 

- - 1.04 Specific gravity at 25° C, ASTM D 70 – 03 

After Thin-Film Oven Test ASTM D-1754 

>55 1/10mm 87 Retained penetration of original, % ASTM D 946 

> 25 Cm 147 Ductility at 25 ° C, 5cm/min, (cm) ASTM D-113 

- % 0.32 Loss in weight (163ᵒC, 50g,5h) % ASTM D-1754 

Source: Laboratory tested by the researchers  
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2.2. Crumb Rubber 
It was produced by mechanical shredding of used tires and was obtained from tires factory at AL-

Najaf governorate. Table 2 show the grain sizes distribution of crumb rubber. 
 

Table 2. Gradation of crumb rubber 

Sieve No. Sieve Size(mm) Passing by weight% 

No.16 1.18 100 

No.30 0.9 78 

No.50 0.3 25 

No.200 0.075 0 

                            Source: Laboratory tested by the researchers 
 

2.3. Polyethylene 
It was a Low-Density Polymers obtained from local market. Table 3 show the mechanical and 

thermal Properties of Polyethylene as supplied by the manufacturer.  

 
Table 3. Mechanical and thermal properties of low-density Polyethylene 

Properties Unit Value 

Tensile strength MPa 10 

Tensile Elongation % >350
 

Flexural Modulus  MPa 8 

Hardness (Shore D) .......... 50 

Vicat Softening point  °C 88 

Brittleness Temperature °C <175 

                                                  Source: supplied by the manufacturer 

 

2.4. Coarse and Fine Aggregate 
The aggregate used in this work was obtained from Nahrawan quarry. The sizes of coarse aggregate 

range between 12.5 mm to 4.75 mm.  Crushed Sand was used as fine aggregate (particle size between 4.75 

mm to 0.075 mm. Table 4 shows the physical properties of aggregate.  

 
Table 4. Physical Properties of Coarse and Fine Aggregate 

Property Value ASTM, [14] Designation No. 

Coarse Aggregate 

Bulk specific gravity 93..2 C127-01 

Apparent specific gravity 2.414 C127-01 

Water absorption % 1.32. C127-01 

Wear %(los Angeles abrasion) 1.331 C131-03 

 Fine aggregate  

Bulk specific gravity 2.727 C128-01 

Apparent specific gravity 3 C128-01 

Water absorption % 3.333 C128-01 

         Source: Laboratory tested by the researchers 
 

2.5. Selection of Aggregate Gradation  
The selected gradation was according to SCRB [14] specification for Wearing Course with 12.5 mm 

nominal maximum size of aggregates, Figure 1 exhibit the selected aggregate gradation. 
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Figure 1. Selected aggregate gradation 

 
           Source: Laboratory tested by the researchers 

 

2.6. Mineral Filler 
Limestone dust which is obtained from Al- Nahrawan factory was implemented as mineral filler. It 

is thoroughly dry and free from lumps or aggregations or fine particles, the physical properties are 

presented in Table 5.  

 
Table 5. Physical properties of Limestone Dust 

Property Limestone Dust 

% passing sieve 200 96 

Specific gravity 2.68 

                                       Source: Laboratory tested by the researchers 

 

2.7. Aging of Asphalt Cement 
To simulate the aging process of asphalt cement during its service life in the field, Asphalt cement 

was subjected to aging process in the laboratory using the thin film oven test apparatus, asphalt cement 

practices 163°C of heating for five hours in the rotating shelf of the oven. Asphalt cement was collected 

after the heating and cooled to room temperature. It was denoted as aged asphalt cement and used 

throughout this investigation. 

 

2.8. Recycling of Aged Asphalt Cement 
2.8.1. Preparation of Recycled Asphalt Cement (Aged Asphalt Cement Blended with Low-

Density Polyethylene)  
The aged asphalt cement was recycled by digestion with polyethylene, asphalt cement was heated to 

150 °C and then blended with Low-Density Polyethylene with different content (0.5 , 1 and 1.5 % by 

weight of asphalt cement) using mechanical mixer, it was prepared in the laboratory at a blending speed of 

about 200 rpm and elevated temperatures (160°C) for 60 minutes to promote the physical and chemical 

bonding of the components.  

 

2.8.2. Preparation of Recycled Asphalt Cement (Aged Asphalt Cement Blended with 

Crumb Rubber) 
The aged asphalt cement was recycled by digestion with crumb rubber using the wet process. The 

asphalt cement was heated to 150 °C and then blended with crumb rubber with different content (0.5, 1 

and 1.5 % by weight of asphalt cement) at a blending speed of 1500 rpm for 60 minutes in the laboratory 

using mechanical mixer to promote the physical and chemical bonding of the components. During the 

blending process, the crumb rubber dispersed and reacts with the asphalt. Swelling and formation of 

bubbles could be observed after the blending process. 
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2.8.3. Preparation of Asphalt Concrete Specimens 
The coarse and fine aggregates were dried to a constant weight at 110 ºC, then separated to different 

sizes by sieves, and stored. Coarse and fine aggregates were combined with mineral filler to meet the 

specified gradation of wearing course. The combined aggregate mixture was heated to a temperature of 

150 ºC before mixing with asphalt cement. The asphalt cement or the treated asphalt cement with 

polyethylene and crumb rubber was heated to the same temperature of 150 ºC, then it was added to the 

heated aggregate to achieve the desired amount and mixed thoroughly using mechanical mixer for two 

minutes until all aggregate particles were coated with thin film of asphalt cement. Marshall Size 

specimens were prepared in accordance with ASTM American Society for Testing and Materials [15] 

using 75 blows of Marshall hammer on each face of the specimen. The optimum asphalt content was 

determined as per the procedure above to be 5.3% by weight of aggregates. The prepared Marshall Size 

Specimens were divided into three sets, the first set was subjected to the indirect tensile strength test at 

(25 and 40) ºC to obtain the temperature susceptibility, while the second set was subjected to double 

punching shear strength determination at 25 ºC. The third set was subjected to moisture damage as per the 

procedure by AASHTO [16], and the tesnsile strength ratio TSR was determined. Additional asphalt 

concrete specimens have been prepared using asphalt cement of 0.5% above and below the optimum 

asphalt content (4.8 and 5.8) %. Specimens were tested in triplicate, and the average value was considered 

for analysis. Figure 2 presents part of the prepared specimens.  

 
Figure 2. Part of the prepared specimens 

 
         Source: Laboratory tested by the researchers 
 

2.8.4. Indirect Tensile Strength Test and Temperature Susceptibility 
Marshall Specimen was used in this test and the testing procedure was conducted according to 

American Society for Testing and Materials [15]. The specimens were left for cooling at room 

temperature for 24 hours, then they were placed in a water bath at two different testing temperatures of 

(25 and 40) ˚C for 30 minutes. Specimens were fixed on a center of vertical diametrical plane between 

two parallel loading strips (12.7mm) in width in the versa tester machine. Vertical compressive load at 

rate 2in/min was applied on the loading strips until the dial gage reading reached the maximum load 

resistance. The load was recorded as ITS. This test is used to evaluate the temperature susceptibility and 

indirect tensile strength for the mixtures. Figure 3. Shows the Indirect Tensile Strength test device. The 

temperature susceptibility was calculated using the equation (1), while the indirect tensile strength was 

calculated using equation (2).   
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Figure 3. Test setup for ITS 

 
                                              Source: Laboratory tested by the researchers 

 

Temperature susceptibility TS =
(   )   (   )  

     
    ------------ (1) 

 

Where: 

TS: temperature susceptibility of mixture (kPa/˚C) 

(ITS) t1: indirect tensile strength at t1=25˚C 

(ITS) t2: indirect tensile strength at t2=40˚C 

 

Indirect Tensile Strength ITS = 
        

            
   ----------------- (2) 

 

Where: 

ITS=indirect tensile strength (kPa) 

P=maximum load resistance (N) 

T=thickness of specimen immediately before test (mm) 

D=diameter of specimen (mm)  

 

2.8.5. Indirect Tensile Strength Ratio Test 
The procedure of this test was conducted according to ASTM American Society for Testing and 

Materials [15] to evaluate the moisture damage of mixture. Six specimens were prepared, three of them 

were tested for indirect tensile strength after placing in water bath at 25˚C for 30 minute and the average 

value of ITS was considered for these specimens as SI (ITS for unconditioned specimens). The other three 

specimens were conditioned by placing in the volumetric flask with (heavy –wall glass) of 4000 ml 

capacity filled with water at room temperature 25˚C and the vacuum of 28 mm Hg (3.74kPa) was applied 

for 10 minutes so that 80 %-degree level of saturation could be attained. The three specimen were placed 

in deep freezer at -18˚C for 16 hours, then specimens were removed from the freezer and placed for 24 

hours in water bath at 60˚C , then they were moved to another water bath and placed for 1 hour at 25˚C. 

The specimens were tested for indirect tensile strength and the average value was considered as SII (ITS 

for moisture conditioned specimens). The Tensile Strength Ratio TSR was calculated using equation (3). 

 

Tensile Strength Ratio TSR = 
   

  
 x 100 -----------------(3) 

 

Where: 
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TSR: indirect tensile strength ratio (%) 

SI: average value of ITS for unconditioned specimens (kPa) 

SII: average value of ITS for conditioned specimens (kPa) 

 

2.8.6. Double Punch Shear Test  
This test was implemented to measure the shear strength of asphalt concrete under double punching 

action. Marshall specimens were conditioned in water bath for 30 minutes at 25˚C before the test. The test 

starts by application of central loading to the cylindrical specimen which is set vertically between the 

loading platens of the test machine and compressed by two steel punches. The diameter of steel punch is 

1in (25.4mm) located concentrically on the top and bottom surfaces of the cylinder and loaded at a rate of 

1in/min (25.4 mm/min) until failure. At maximum load resistance the reading of dial gage was recorded. 

Figure 4. shows Double Punch test device, while Figure 5. shows the geometry of the specimen for double 

punch test. The punching shear strength of asphalt concrete was calculated based on equation (4).  
 

Figure 4. Test setup for double punching shear strength 

 
                             Source: Laboratory tested by the researchers 

 

Double punching shear strength σt =   
 

  (        )
   ----------------- (4) 

Where:  

P: maximum load (N)  

σt: punching stress (Pa) 

b: radius of specimen(mm) 

a: radius of punch (mm) 

h: height of specimen(mm) 
 

Figure 5. Geometry of Punching Shear Specimen 

 
                                  Source: Laboratory tested by the researchers 
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3. RESULTS AND DISCUSSIONS 

3.1. Influence of Recycling on Indirect Tensile Strength ITS at 25°C 
As demonstrated in Figure 6, the ITS at 25 °C of control mixture was 1613 kPa at optimum asphalt 

content OAC while it ranged between (1260-1830) kPa for mixtures with 0.5 % asphalt lower and upper 

then the optimum respectively. Such test results could be attributed to the aged asphalt cement 

implemented which support the stiffness. When the optimum percentage of aged asphalt cement was 

recycled with various percentages of polyethylene, ITS decreased by 35.4 % at optimum asphalt content 

while it decreases by (27.7 and 4.2) % for mixtures with 0.5 % asphalt lower and upper than OAC 

respectively as compared to control mixture. This may be attributed to the fact that polymers increase the 

flexibility of the mixture and reduces the viscosity of the binder. On the other hand, When the optimum 

percentage of aged asphalt cement was digested with various percentages of crumb rubber, ITS decreased 

by 19 % at optimum asphalt content while it decreases by (9.8 and 23) % for mixtures with 0.5 % asphalt 

lower and upper than OAC respectively.  Similar impact of polymer additives was reported by Chen, et al. 

[3], Sarsam and Alwan [10], and Sarsam [17].  

 
Figure 6. Influence of Recycling on Indirect Tensile Strength ITS at 25 °C 

 
          Source: Laboratory tested by the researchers 

 

3.2. Influence of Recycling on Indirect Tensile Strength ITS at 45°C 
Figure 7 exhibit that ITS at 40 °C of control mixture was 986 kPa at optimum asphalt content OAC 

while it ranged between (805-1052) kPa for mixtures with 0.5 % asphalt lower and upper then the 

optimum respectively. When the optimum percentage of aged binder was recycled with various 

percentages of polyethylene, ITS decreased by 54 % at optimum asphalt content while it decreases by 

(30.3 and 93) % for mixtures with 0.5 % asphalt lower and upper than OAC respectively as compared to 

control mixture. When the optimum percentage of aged asphalt cement was digested with various 

percentages of crumb rubber, ITS increased by 6 % at optimum asphalt content while it decreases by 33 % 

and increased by 16 % for mixtures with 0.5 % asphalt lower and upper than OAC respectively.  It can be 

noted that the strength of mixtures digested with polyethylene are more susceptible to the variation in 

temperature as compared to the rubber recycled mixtures. Similar influence was reported by Shunyashree, 

et al. [9], and Sarsam and Jasim [18].  
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Figure 7. Influence of Recycling on Indirect Tensile Strength ITS at 40 °C 

 
           Source: Laboratory tested by the researchers 

 

3.3. Influence of Recycling on Temperature Susceptibility 
Figure 8 present the influence of recycling process on Temperature Susceptibility of asphalt 

concrete. It can be observed that for control mixture, the Temperature Susceptibility increases by (37 and 

71) % as the asphalt content increase to (5.3 and 5.8) % respectively. This could be attributed to increase 

of binder film thickness surrounding the aggregates. When the aged mixture is recycled with 

polyethylene, it can be observed that higher percentage of polyethylene of 1.5 % was able to increase the 

temperature susceptibility to 100 kPa/°C. When the optimum percentage of aged asphalt cement was 

digested with various percentages crumb rubber, higher percentages of crumb rubber of (1 and 1.5) % 

were able to reduce the Temperature Susceptibility of asphalt concrete by (54.4 and 61) % as compared to 

control mixture. Such finding agrees well with the work reported by Sarsam [19], Hinislioğlu [20], and 

Sarsam and Al-Delfi [21].  

 
Figure 8. Influence of Recycling on Temperature Susceptibility 

 
               Source: Laboratory tested by the researchers 

 

3.4. Influence of Recycling on Tensile Strength Ratio TSR 
Figure 9 present the impact of recycling process on the resistance to moisture damage in terms of 

TSR. It can be observed that for control mixture, TSR increase by (6.5 and 12) % when the asphalt 

content rises to (5.3 and 5.8) % respectively. This may be attributed to the increase of asphalt film 

thickness around aggregates and reduction of voids. When the optimum percentage of aged asphalt 

cement was digested with 1.5 % of polyethylene or crumb rubber, no significant variation in TSR could 
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be observed among the two recycling agents while the TSR increases by (4 and 3.8) % as compared to the 

control mixture. However (0.5 and 1.0) % of polyethylene exhibit no significant variation in TSR as 

compared to the control mixture. On the other hand, 1.0 % of crumb rubber exhibit 2.6 % increment in 

TSR as compared to control mixture. Such findings agree with the work reported by Bagampadde, et al. 

[22], Sarsam and Al-Zubaidi [23], and Abuawad [24].  

 
Figure 9. Influence of Recycling on Resistance to Moisture Damage 

 
          Source: Laboratory tested by the researchers 

 

3.5. Influence of Recycling on Punching Shear Strength 
As demonstrated in Figure 10, the addition of more asphalt content exhibit negative influence on 

shear strength of asphalt concrete, it reduces the shear strength by (22.4 and 32) % when the asphalt 

content was increased to (5.3 and 5.8) % respectively. This may be attributed to the increase of lubrication 

action provided by the extra asphalt content which reduces the cohesion between aggregate particles. 

When the optimum percentage of aged asphalt cement was digested with various percentages of 

polyethylene, the punching shear strength decreases by (27.6, 53, and 72.3) % for (0.5, 1.0 and 1.5) % of 

polyethylene respectively. On the other hand, When the optimum percentage of aged asphalt cement was 

digested with various percentages of crumb rubber, the shear strength of asphalt concrete decreases by 

(84, 73.3, and 45.6) % for (0.5, 1.0 and 1.5) % of crumb rubber respectively. Test results agree with 

Sarsam and Alwan [10], and Sarsam and AL-Zubaidi [25].  

 
Figure 10. Influence of Recycling on Resistance to Punching Shear Stress 

 
           Source: Laboratory tested by the researchers 

 

4. CONCLUSIONS 
Based on the testing adopted, the following conclusions may be addressed 

1. ITS at 25 ºC for polyethylene and crumb rubber recycled mixtures decreased by (35.4 and 19) 

% at optimum asphalt content while it decreases by (27.7 and 4.2) % and (9.8 and 23) %   for 



Noble International Journal of Scientific Research 

 
51 

mixtures with 0.5 % asphalt lower and upper than OAC respectively as compared to control 

mixture. 

2. ITS at 40 ºC decreased by 54 % at optimum asphalt content while it decreases by (30.3 and 93) 

% for mixtures with 0.5 % asphalt lower and upper than OAC respectively as compared to 

control mixture. It increased by 6 % at optimum asphalt content while it decreases by 33 % and 

increased by 16 % for mixtures with 0.5 % asphalt lower and upper than OAC respectively. 

3. Temperature Susceptibility increases by (37 and 71) % as the asphalt content increase to (5.3 

and 5.8) % respectively for control mixture. Higher percentages of crumb rubber of (1 and 1.5) 

% were able to reduce the Temperature Susceptibility of asphalt concrete by (54.4 and 61) % as 

compared to control mixture. 

4. TSR increase by (6.5 and 12) % when the asphalt content rises to (5.3 and 5.8) % respectively 

for control mixture. For 1.5 % of polyethylene or crumb rubber, TSR increases by (4 and 3.8) % 

as compared to the control mixture. 

5. The punching shear strength decreases by (27.6, 53, and 72.3) % for (0.5, 1.0 and 1.5) % of 

polyethylene respectively, while it decreases by (84, 73.3, and 45.6) % for (0.5, 1.0 and 1.5) % 

of crumb rubber respectively. 
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