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Abstract - The recycling of pavements can be considered as a sustainable option, as it is a production process with 

environmental and economic benefits. In this work, the performances of recycled and aged mixes after recycling under repeated 

loading have been investigated. Recycled asphalt concrete mixture are artificially aged and processed in the laboratory to prevent 

the variability of recycled asphalt concrete mixture gradation and asphalt content. The preparation of asphaltic mixtures involves 

the use of (40-50) penetration grade asphalt cement from Dura Refinery, mineral aggregate (12.5 mm) nominal maximum size 

gradation usually used for wearing course, ordinary Portland cement as mineral filler. Specimens were prepared at optimum 

asphalt content. Mixtures in this study have been tested for the resilient modulus test and permanent deformation under repeated 

loads test at 25ºC, 40ºC.Aged specimens was prepared at optimum asphalt content from new asphalt concrete mixture after 

subjecting the loose new asphalt concrete mix to one cycle of accelerated aging (short –term aging) then compacted and 

subjected to another cycle of accelerated aging process (long -term aging). The recycled mixture was prepared using one 

recycling agent (soft asphalt cement blended with silica fume) at recycling agent content of (1.5%) by weight of mixture. The 

effect of recycling agent on aging after recycling process behavior of asphalt concrete, was also determine by preparing aged 

specimens after recycling process and subjecting recycled asphalt concrete to accelerated aging. The recycled mixture had good 

resistance to deformation under load repetition than that of reference mixture at temperature (25˚C and 40˚C), the number of load 

repetitions were (181, 71) repetitions at 25˚C and 40˚C respectively at (750) Permanent Micro-strain. While the aged mixture 

after recycling process had good resistance to load repetition than that of reference mixture at temperature (25˚C and 40˚C) the 

number of load repetitions were (319, 19) repetitions at 25˚C and 40˚C respectively.  

Keywords - Aging after recycling, Asphalt concrete, Deformation, Repeated load, Resilient modulus. 

 

 

1. Introduction  

Permanent deformation is the phenomenon that unrecoverable 

strain is accumulated after the load is released in each loading 

cycle. The strain starts increasing when the load is applied. 

Once the load is released, the elastic component of the strain 

will recover instantaneously. There is also a component called 

visco-elastic strain which will recover with time. However, 

the permanent deformation, due to plastic characteristic of 

asphalt mixture, cannot recover (Perl et al. 1983). Although 

this viscous and plastic deformation is really small after each 

loading cycle, the accumulation will become large after 

millions of loads and this will cause rutting phenomenon in 

the pavement structure. (Aschuri et al. 2009) addressed the 

laboratory investigation of permanent deformation 

characteristics of asphalt concrete mixes containing reclaimed 

materials. The permanent deformation characteristics of 

asphalt concrete with and without reclaimed materials were 

evaluated in laboratory using Repeated Load Axial Test and 

Wheel Tracking Test at a range of test temperatures. Test 

results showed that the asphalt concrete prepared using 

reclaimed materials such as Reclaimed Asphalt Pavement 

(RAP) has more resistance to permanent deformation over a 

range temperature.(Sondag et al. 2002) focused on the use of 

resilient modulus to compare mixtures compacted with only 

virgin materials to those compacted with varying amounts of 

RAP. The test was performed at 0.33, 0.5, and 1 Hz. In a 1-Hz 

test the applied cycles consisted of a 0.1-second load followed 

by a 0.9-second rest period. They concluded that the resilient 

modulus rapidly decreases with increasing temperature. This 

is due to the softening of the asphalt binder as the temperature 

is increased. (Miro et. al. 2011) also studied the rutting 

resistance of recycled mixtures. Four mixtures with RAP 

percentages of 0%, 15%, 30% and 50%, were tested. Results 

obtained from the wheel tracking test indicated that RAP 

mixtures have very similar rut depth values at the end of the 

test and wheel tracking slopes (WTS), calculated between 

cycles 5000 and 10,000. Moreover, these mixes have lower 

WTS values than the high modulus mixture without RAP, 

which means that the presence of RAP in mixtures provides 
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greater resistance to rutting. 

2. Research Objectives 

The main objectives of this study are evaluating the resistance 

to permanent deformation of recycled asphalt concrete 

mixture and studying the effect of recycling agent on 

accelerated aging after recycling. 

3. Materials 

One type of asphalt cement (40-50) penetration grad obtained 

from Dora Refinery was used in this study. Mineral aggregate 

(12.5 mm nominal maximum size gradation), with Crushed 

coarse and aggregate (retained on sieve No.4) was obtained 

from AL-Nibaae quarry. Ordinary Portland Cement has been 

used as mineral filler which was obtained from Badoush 

factory. Tables 1shows the physical properties of Asphalt 

cement, while Table 2presents Coarse and Fine Aggregate 

properties. Table 3 shows Filler as well as silica fumes 

properties. Fig.1 Illustrates Aggregate Gradation and 

Specification Limits. 

Table 1. Physical properties of asphalt cement 

Property Test Conditions ASTM Designation Value SCRB Specification 

Penetration 25˚c , 100gm ,  5 sec D5-06 41 40-50 

Softening Point (ring &ball) D36-895 49 - 

Ductility 25˚c ,5cm/min D113-99 1˃50 >100 

Specific Gravity 25˚c D70 1.04 - 

Flash Point Cleave land open cup D92-05 275 ºc >232 

After thin film oven test properties D1754-97 

Retained Penetration of Residue 25˚c , 100gm ,     5 sec D5-06 60% >55 

Ductility of Residue 25˚c ,5cm/min D113-99 85cm >25 

Loss on Weight 163ºc, 50g,5 hours  0.3 --- 

Table 2. Physical properties of coarse and fine aggregate 

property value ASTM designation 

Coarse Aggregate 

Bulk specific gravity 2.584 C127-01 

Apparent specific gravity 2.608 C127-01 

Water absorption % 0.57% C127-01 

Wear %(los Angeles abrasion) 13.08% C131-03 

Fine Aggregate 

Bulk specific gravity 2.604 C128-01 

Apparent specific gravity 2.664 C128-01 

Water absorption % 1.419% C128-01 

Table 3. Physical properties of filler 

Property Filler Silica fumes 

Bulk specific gravity 3.14 2.134 

% Passing Sieve No.200 96 100 

4. Asphalt Concrete Mix Preparation 

Asphalt concrete mixtures (Reference mixture) were Prepared 

at optimum asphalt content (4.7%) using Marshall Method. 

5. Aged Materials 

Reclaimed asphalt pavement (RAP) incorporated in this work 

was laboratory-prepared, and subjected to aging and recycling, 

aged asphalt concrete mixture were prepared from asphalt 
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concrete mixture by subjecting the mix to two cycle of 

accelerated aging (Short-Term Aging) and then (Long –Term 

Aging). Asphalt concrete mixture was spread in shallow trays 

with 3cm thickness and subjected to two cycles of accelerated 

aging process by storage inside the oven at 135°C for 4 hours 

(Short –term aging) then compacted in accordance with 

ASTM D1559 method and subjected to accelerated aging 

process (Long – term aging) for five days at 85˚c as per 

Super-pave procedure. 

 

Fig. 1. Selected aggregate gradation and specification limits 

6. Recycling Agent 

Soft Asphalt cement of penetration grade (100-150) from 

Al-Dura refinery was adopted in this study and blended with 2% 

of silica fume which is obtained from local market; Other 

percentages of silica fume were also tried by testing the blend 

to (penetration, softening point and ductility) and 2% of silica 

fume was selected. Soft Asphalt was heated to nearly 110ºc, 

and the silica fume was added to the asphalt cement with 

stirring until homogenous blend was achieved, the mixing and 

stirring was continued for 30 minutes by mechanical blender. 

Table 4demonstratesPhysical Properties of Soft Asphalt 

Cement and Physical Properties of recycling agent [Soft 

Asphalt Cement (100-150) blended with Silica fume] 

respectively. 

7. Preparation of Recycled Mixture 

Aged specimens were heated to 140° C to become loose. 1.5 % 

by weight of mixture of the recycling agents was added and 

mixed for two minutes until all mixture is visually coated with 

recycling agent, Marshall Specimens were constructed from 

the loose recycled mix after heating the material to 150°C.  

Table 4. Physical properties of soft asphalt and recycling agent (soft asphalt cement +silica fumes) 

Property 

Soft asphalt Soft asphalt + silica fumes 

Test Conditions 
ASTM 

Designation 
Value Test Conditions 

ASTM 

Designation 
Value 

Penetration 25˚c , 100gm ,  5 sec D5-06 120 25˚c , 100gm ,  5 sec D5-06 163 

Softening Point (ring &ball) D36-95 25 (ring &ball) D36-95 35 

Ductility 25˚c ,5cm/min D113-99 80cm 25˚c ,5cm/min D113-99 88cm 

Flash Point Cleave land  

open cup 
D92-05 250 ºc 

Cleave land  

open cup 
D92-05 260 ºc 

After thin film oven test properties D1754-97 

Retained Penetration of 

Residue 
25˚c , 100gm ,  5 sec D5-06 66% 25˚c , 100gm ,  5 sec D5-06 53% 

Ductility of Residue 25˚c ,5cm/min D113-99 30cm 25˚c ,5cm/min D113-99 22cm 

Loss on Weight 163˚c,50g,5hr  0.35% 163˚c,50g,5hr  0.2% 

 

8. Preparation of Aged Mixture after 
Recycling  

Recycled specimens were also heated to 140°C to become 

loose, then spread in shallow trays with 3cm thickness and 

subjected to two cycles of accelerated aging process by 

storage inside the oven at 135°C for 4 hours (Short –term 

aging), then compacted in accordance with ASTM D1559 

method and subjected to accelerated aging process (Long 

–term aging) for five days at 85˚c as per Super-pave 

procedure. 
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9. Indirect Tension Repeated Load Test  

The indirect tension repeated load test specified by (ASTM 

D4123) was conducted using the pneumatic repeated load 

system (PRLS). The tests are performed on Marshall 

Specimens. In these tests, repetitive loading is applied to the 

diametral specimen and the resilient vertical strain is 

measured under the load repetitions. Diametral loading is 

applied with a constant loading frequency of 60 cycles per 

minute and loading sequence for each cycle is 0.1 sec load 

duration and 0.9 sec rest period to simulate the testing 

condition explained by Shell Nomograph as addressed in 

(Yoder and Witczak 1975).The testing temperatures of (25, 40) 

ºC were used in the test, and the applied stress level was 0.138 

MPa. Fig.2 illustrates the indirect tension repeated load test, 

while Fig. 3 shows the pneumatic repeated load system. 

 

a. during test                    b. after failure 

Fig. 2. Indirect tension repeated load test 

 

Fig. 3. The pneumatic repeated load system 

 

Test procedure was conducted by placing the specimen in 

the testing chamber for two hours at 25 ºC or 40ºC to bring it 

to test temperature and to allow for a uniform temperature 

distribution within the specimen. The experiment is 

commenced by application of repeated stress and recording 

the permanent deformation. A video camera is located at 

proper place to cover the view of dial gauge reading and set 

ready to start recordings. 

Upon completion of test the number of load repetitions 

which causes the specimen to fail was recorded. The required 

deformation data analyses include the determination of the 

permanent deformation at the following load repetitions: (1, 

10, 50, 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 

2000, 3000, 4000, 5000, 6000 …) or until the specimen failed. 

The permanent strain was calculated and the resilient 

deformation was determined at the load repetition of (50) to 

(100). The resilient strain and resilient modulus were then 

calculated. The permanent vertical strain is measured as a 

function of the number of load applications at 25 ºC,or 40ºC 

and stress of 0.138 MPa. 

10. Discussion of Test Results 

Resilient modulus Mr is a measure of materials responses to 

load and deformation. its values for recycled mixture were 

higher than those of reference at 25˚C and are equal at 40˚C 

generally, higher modulus indicates greater resistance to 

deformation so it was more resistance to permanent 

deformation and it decreases at higher temperature at 

Optimum asphalt content, this agrees well with the findings 

addressed by Ziari et al. (2005). Mr values for aged after 

recycled mixture shows lower modulus than aged and higher 

than reference mixtures about (35555psi).Mr at (25˚C, 40˚C) 

was less than that of aged mixture by (22.22%, 16.67%) and 

more than that of reference mix by (11.11%, 16.67%) 

respectively. This could indicate higher resistance to 

deformation. Table 5 illustrated Mr Values for mixtures. 

 

 

 

 

 

 

Table 5. MrValues at (25˚C and 40˚C) for each mixture 

Type of mixture Mr at 25˚C (MPa) Mr at 40˚C (MPa) 

Reference 220.8 210.2 

(Short +Long) term aging 315.4 294.3 

After recycling with (Soft asphalt +Silica Fume) 245.3 210.2 

(Short +Long) term aging after Recycling Process 245.3 245.3 

 

Table 6 illustrated the effect of recycling agent at different temperatures on (intercept and slope) of the strain- load 
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repetition as demonstrated in figure 4, generally it shows that 

the intercept for recycled mixtures was lower than that of the 

reference mixtures at both testing temperatures. On the other 

hand, the slope was higher than that of the reference mixture 

at temperature of 25˚C and was lower at temperature of 40˚C. 

This may indicate that the recycled mixture had good 

resistance to deformation at higher temperature as compared 

to the reference and to aged mixture. The effect of aging 

process after recycling at different temperatures on (intercept 

and slope) could be detected from the figures and table 6 that 

the intercept was higher than that of aged mixes before 

recycling at 40˚C and lower than that at 25˚C. The slope was 

lower than that of reference mixtures at 40˚C. Such behavior 

could refer to that aged mixes after recycling had good 

resistance to rutting as compared to aged mixture before 

recycling and reference mixture. 

Table 6. Intercept and slope variation for various mixes 

Mixture Type 
Test Temperature 25˚C Test Temperature 40˚C 

Intercept Slope Intercept Slope 

Reference 417.81 0.2952 291.11 0.449 

(Short +Long) term aging 134.98 0.266 130.81 0.3708 

After recycling with (Soft asphalt +Silica Fume) 129.59 0.3376 112.92 0.4439 

(Short +Long) term aging after Recycling Process 122.96 0.3136 214.48 0.4219 

 

Table 7 illustrated the variation in number of repetitions 

for each mixture at constant micro-strain of 750; generally, it 

shows that the recycled mixture with (Soft Ac+ Silica fume) 

had good resistance to load repetition as compared to that of 

reference mixture at temperature (25˚C and 40˚C). The 

number of load repetitions at optimum asphalt content for 

recycled mix were (181, 71) repetitions at 25˚C and 40˚C 

respectively, while for reference mixture it was (7, 8) 

repetitions at 25˚C and 40˚C respectively. The number of 

repetitions for aged mix after recycling indicates good 

resistance to load repetition when compared to that of 

reference mixture at temperatures (25˚C and 40˚C). The 

number of load repetitions at optimum asphalt content were 

(319, 19) repetitions at 25˚C and 40˚C respectively while 

reference mixture were (7, 8) repetitions at 25˚C and 40˚C 

respectively. It can be pointed out that the aged mixture before 

recycling process had good resistance to load repetitions at 

both testing temperatures, the number of load repetitions at 

optimum asphalt content were (1936, 111) at 25˚C and 40˚C 

respectively. 

Table 7. Variation of Number of repetitions for different mixes at constant micro-strain 

Mixture type  
Number of load repetitions at 750 micro-strain  

Test Temperature  25˚C Test Temperature  40˚C 

Reference 7 8 

(Short +Long) term aging 1936 111 

After Recycling with (Soft Ac+ Silica Fume) 181 71 

(Short +Long) term aging after Recycling Process 319 19 

 

In Figure 4, the permanent micro strain is given as a 

function of load applications; it shows the effect of aging after 

recycling process on recycled asphalt concrete mixtures and 

recognizing the fact that the lower permanent strain is related 

to the lower sensitivity for rutting and corrugation. It means 

that the aged mixes after recycling have a beneficial influence 

on the mix properties. The mixtures that aged after recycling 

had the higher resistance to permanent deformation as 

compared with the aged before recycling and reference mix. 

11. Conclusions 

1. Resilient modulus at (25˚C, 40˚C) shows higher values 

for the aged mix after recycling mixtures as compared with 

reference mix,  the variation are within (+11.11%, +16.67%) 

respectively and shows lower values when comparing with 

aged mix before recycling process within a range of (-22.22%, 

-16.67%)  

2. The aged mixture before recycling had higher resistance 

to permanent deformation as compared with the reference 

mixture within the test limitation. 

3. The recycled mixture had higher deformation resistance 

to load repetition than reference mixture at temperatures 

(25˚C and 40˚C), the number of load repetitions were (181, 71) 

repetitions at 25˚C and 40˚C respectively while reference 

mixture shows (7, 8) repetitions at 25˚C and 40˚C 

respectively. 

4. The aged mixture after recycled with (Soft Ac+ Silica 

fume) had good resistance to load repetition when compared 

with reference mixture at temperature (25˚C and 40˚C). The 

number of load repetitions was (319, 19) repetitions at 25˚C 
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and 40˚C respectively while reference mixture shows (7, 8) 

repetitions at 25˚C and 40˚C respectively. 

 

a.) At 40⁰C testing temperature 

 
b.) At 25⁰C testing temperature 

Fig. 4. Typical relationship between micro-strain and load 

repetition for tested asphalt concrete mixes 
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