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ABSTRACT

Using of Reclaimed Asphalt Pavement (RAP) has been become indispensable in most of the world
nations as for its many benefits as significant cost savings and provide environmental benefits. Many factors
such as virgin materials, binder content, availability of RAP, viscosity of binder and extent of deterioration
had important role in effecting on Optimum percentage of RAP. In this study, effect of using RAP on the
asphalt mixture properties and the its optimum ratio was determined to achieve the objective of the study.
The glass fiber (GS) was used as additives to improve the asphalt mixture. It has been observed from the
previous researches that the optimum percentage of reclaimed asphalt use is not determiner and is disagreed
from project to project. So, different percentages of RAP was (25%, 50%, 75%, 100%) by weight of
aggregate were added as well as using the additive GS at optimum bitumen content. The study is revealed
that untreated 100% RAP materials are not good as a bituminous mix. and was showed that mix prepared
with 25% RAP gave nearly the same physical and strength parameters as virgin bituminous mix. From
results of study, the use of RAP until (%50) as a maximum percentage in unmodified asphalt mixture course
sustained good results. To achieve better performance, the percentage of 25% RAP was used with
percentage of 0.26% GS. This mix achieved the specification requirements and ensured the degree of better
performance for paving. The economical evaluation of using percentage of 25% RAP with percentage of
0.26% GS was also studied. The results indicated that, about 21% of the cost was saved.

Keywords: Reclaimed Asphalt Pavement (RAP), Marshall Mix Design, Material Testing,
Stability, Glass fiber, Optimum Bitumen Content, Cost effectiveness.

1. Introduction and literature review

RAP is old asphalt pavement that is milled up or ripped off the roadway [1]. The
increasing RAP use of asphalt mixes has been become the focus of attention. The
performance of RAP can be improved by compensating the aged bitumen by using
rejuvenators or softening additives, Hence virgin mix was given performance better than
RAP that contained aged bitumen and aggregate as it still can be them reuse again. In the
current years, the maintenance cost will give same as the construction cost of new roads
where maintenance of roads in Egypt costs annually high percentage of the total road
construction costs. In Egypt Roads usually failures were its appearance in an early stage of
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pavement life. Old road pavements due to repeated overlays being placed over the years was
the reason in the increase of the road levels compare to nearby built up areas by increasing
the thickness of its layers and Due to the large availability of the aggregates in Egypt where
was produced approximately 5 million tons per year of reclaimed asphalt pavement that are
not used. On the other side, the continuous rise in asphalt binder price day by day due to
increase in the cost of the crude oil, so it should be exploited RAP materials in recycling the
HMA mixtures; this will be contributed to get advantages such as conservation of
aggregates, and binder, decrease in pavement thickness and reduced cost of asphalt mix.
Arshad et al., 2017 stated that deteriorated roads can be used as a source of RAP materials
which had appropriate properties for the surfacing layers [2]. RAP materials can be use also
to save non-renewable resources especially with high cost of materials and little supply [3].

Several studies stated that, with increasing the percentage of RAP content, the optimum
binder was reduced. Also, recycled mixes with 10-35% RAP may give the same physical
and strength parameter as virgin mixes. Even more, better results can be obtained
compared with conventional HMA under the same conditions [4-6]. At low RAP
percentages, resistance to moisture damage may be better than high percentages [7].

El-kashef and Williams, 2017 stated that, fatigue performance was improved by adding
rejuvenators [8]. Some studies concluded that, Using Waste Cooking Oil (WCOQO) and
paraffinic oil optimized the binder in the RAP material and are given an excellent potential
to be used as a good rejuvenator in the hot mix asphalt industry [9]. However, other study
summarized the performance of WCO as a rejuvenator as it is given adverse effects [10].

Presently in USA and Japan, asphalt pavement material removed from use is recycled
into new pavements. Field performance studies confirmed that the performance of mixes
containing RAP was equivalent to that of virgin mixes [11-13].

The effect of adding fiber on bitumen binder and HMA was considered before in many studies,
as it increased asphalt binder stiffness and the stability of modified asphalt mix. On the other hand,
decreasing the content of air voids comparing with the control mix [14, 15]. Accordingly, the
resistance of rutting and fatigue was also improved accompanied by high indirect tensile strength for
asphalt layers [16]. The length of fiber and its diameter should be taken into consideration which
affect significantly in the mechanical properties of asphalt mix [17].

1.1. Objectives of study
The main objectives of this work are:-

studying the effect of the RAP materials on HMA properties,

determining OBC for control mix with different RAP%,

studying the effect of fiber glass on the recycled HMA properties; and finally
studying the cost effectives of recycling bituminous pavement material.

2. Materials and experimental investigation
2.1. Materials used

Figure (1) shows the suggested experimental program which began with selecting the
study HMA materials, the recycled materials, and glass fiber. The siliceous aggregate was
used from Sohag city- Akhmim- East Ellahywa. The glass fiber was obtained from Sohag
Company for modern construction. Table (1) showed that physical properties of Glass
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Fiber. After that, qualifications tests were conducted on the collected materials that used to
achieve the require objectives

Table 1.
Glass Fiber Properties

Detail Property
Glass Fiber (E- class) Fiber type
12 length (mm)
2.54 Density (g/cm3)
3400 Tensile Strength (MPa)

I Appragatas | Faclzimad Asphalt
Diavement (FLAR)

Nzterizls

[ Extraction Test ]
s
| I

(Combinz Visgin snd FAD Extractzd Bitumen Entracted Aggragates
Materials) Spacimens

Bavement on Content
Nlzrzhall Propartias

-
[ Effect of Reclaimad Asphalt |

Effact gla=s fiber on Marshall
Bropartiss

Effect of Glas: Fiber on content
FAD

[ Conclusion and Recommendation ]

Fig. 1. Steps of Experimental Work

The chunks of RAP material were obtained from agriculture Sohag — Aswan highway
which was paved form more than 10 years ago. It appears from visual inspection the effect
of aging on the highway. The chunks of RAP were obtained from the site to crush and
screen into different sizes. The extraction test was carried out on the RAP material to
determine its asphalt content (AC). The gradations of RAP materials from two different
sectors of highway after extraction are shown in Table2 and Figure 2 respectively. The
proportion of asphalt extracted from the recycled asphalt sample was 3.68%.
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Table 2.
Extraction Test Results for the Recycled Material

. . Fecycled Matenal Gradation for sample number
Sieve Size . .
1 2 Specifications
linch 100 100 100
3/dinch 0805 0273 20-100
1/2 mch g8 86.53 —
3/8 inch 7506 T663 60-80
No 4 008 3681 48-65
No. 8 4520 46.09 35-30
No. 30 31.14 2673 19-36
No. 30 1339 1362 13-23
No. 100 332 333 7-15
No. 200 1.72 183 3-8
Asphalt Content, % 368 4.23

Fig. 2. Appearance of Coarse Aggregate from RAP
2.2. Laboratory tests

Tables from 3 to 5 indicate the gradations of selected materials in the study. Figure 3
shows the adopted gradation of aggregate used. The abrasion of aggregatel and aggregate
2 by Los Angeles test after 500 revolutions was 25 and 32% respectively. The asphalt
cement with (63 penetration, 322 centistokes Kinematic viscosity, 270 ‘C Flash point, 51

‘C Softening point) was used. The properties of extracted asphalt of chunks of RAP
materials were indicated in Table 6.

Table 3.
Gradation of Filler Used

Sieve size % Passing by weight Specification limits
No. 30 100 100

No. 100 9522 =83

No. 200 78.32 63

Table 4.
Coarse Aggregate Gradation

% Passing by weight
Sieve size Aggl Agg 2
1 inch 100
34 inch g7.02
1/2 nch 18.60
3/8inch g7.19 2.10
No. 4 19.60 027
No. 8 0.54 025
No. 30 0.44
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Table 5.
Gradation of Sand

Specification limits %% Passing by weight Sieve size
07.24 No. 4
00 87 No 8§
<63 5136 No. 30
2315 Nao. 30
8.10 No. 100
348 No_ 200
Table 6.
Properties of Asphalt RAP
Specs limits Result Test Test No.
60-70 65 (0.1mm) Penetration 1
>320 322 centistokes | Kinematic viscosity 2
—TT

—— TV ming == TTin ing
Passing

100

|hssing%
4 3

./'_
0 i

0.01 0.1 10 100
Sieve Size (mm)

Fig. 3. Adopted gradation of aggregate used

2.3. Mix design

The mix design for virgin and RAP mixes was carried out according to Egyptian
specifications by using aggregate, sand, and filler with ratio 50%, 45% and 5%
respectively. The design mix asphalt was performed by using job mix formula as specified
in Table 7 based on Egyptian Code of dense surface course (4C) specifications. The
recycled materials were added to virgin materials with different percentage; 0%, 25%,
50%, 75% and finally 100% RAP. To measure the proposed properties of the suggested
recycled mixtures, Marshall test was used.

Fig. 4. Marshal Specimens for different bitumen percentage
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Table 7.
Job ix Formula for Mineral Aggregate
Sieve Size ePazs. of 20% %ePass. of 30% YoPass. of 45% YePass. of] 5% Grading of Specifications
Aggl Agel Sand Fillar Mix
(4C)
1 inch 100 0 100 30 100 43 100 3 100 100
3/4 inch 87.92 17.58 100 30 100 43 100 5 97.58 20-100
1/2 inch 18.60 3.72 100 30 100 43 100 5 I
3/8 inch 2.10 0.42 87.1% 16.16 100 43 100 5 76.57 60-80
No. 4 0.27 054 19.60 5.88 97.24 | 4378 100 5 3469 48-63
No. 8§ 0.23 0.05 0.34 0.162 20.87 40.89 100 3 46.10 33-30
No. 30 . _ 0.44 0.132 51.36 1311 100 5 28.24 19-36
MNo. 50 _ _ _ _ 2315 | 1042 100 5 1542 1323
Neloo | | | | __ 810 | 3.65| 998 | 439 5.64 715
Yezoo | | | ___ | __ 348 | 157| BL88 | 4.09 5.66 R

The following equation can be used to calculate the new binder (%) for different RAP mixtures:-
Prs= [(100% rPsb) Py /100(100-Psb)}- {(100-r) Pg/(100-Pg,)]"8
Where:-

Pnp = New asphalt binder (%) in RAP.

r = The percent of new aggregate to total aggregate in RAP
P, = Estimated asphalt content of RAP (%)

Py = asphalt content in RAP (%).

2.4. Addition of glass fiber to asphalt

For preparing asphalt concrete, 60/70 penetration grade asphalt was used. In order to
add glass fiber in special mixer apparatus as it mixture method is known “Wet Method”
has been adopted in this study. The glass fiber was added with different percentages on the
asphalt mixes; 0.1%, 0.2%, 0.4%, 0.6%, 0.8%, 1.0 of the HMA total weight. Firstly, fiber
was taken in the mixer then the heated asphalt at (150°C) was added and mixed together
accurately in shear mixer apparatus at speed 3000 cycle/min until the mix acquires
uniformity. This fiber is illustrated in Figure 5.

3. Results of Marshall Test

The results of Marshal test at different percentage of added RAP without and with using glass
fiber modifier respectively were illustrated in Table 8 and 9. The optimum bitumen content for
different mixes was varied from 5.1 to 5.00%. The fiber glass content was performed on two stages:
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a. Determine the optimum ratio of glass fiber by preparing different asphalt mixes
with different glass fiber percentage as mention before at OBC. Percentage 0.26%
of fiber glass was achieved the best results.

b. After that, preparing different recycled asphalt mixes of (0%, 25%, 50% and 75%
by the weight of total mix) with 0.26% glass fiber.

Table 8.
Marshall Test Results for the Investigated Mixes at OBC
Bulk Density | Stability ) Flow
MIXNO. (tm3) (kg) AVY% VFB% (mm)
A(0%RAP) |2.338 1600 4,60 71 324
B(25%RAP) | 2.332 1422 410 68.5 344
C(50% RAP) | 2.324 1351 3.20 60 3.67
D(75% RAP) | 2.231 13326 6.49 76.51 3.74
Table 9.
Mechanical Properties of RAP with OBC Glass Fiber
RAP % .
(by total Bulk density Stability VA (VFB) Flow
weightof | 3 (Ke) ) %) (um)
mix)
0 2.351 1760 4.82 73.04 3.38
25 2.341 1580 4.36 71.68 3.61
30 2.336 1474 3.45 70.5 3.85
75 2.296 1422 7.81 78.3 4.37

3.1. Effect of adding RAP on Marshall Properties at OBC

It can notice easily from Figure 6 that, about 2% bitumen content was saving as a result of increasing

RAP percent from zero to 100% RAP. This may be attributable to the old asphalt from RAP mixture.

512|

51

5.08

= B ™ Iy =-0.0013x + 5.092
E I R? =0.9595
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Fig. 6. Effect of RAP% on OAC

3.1.1. Results of unit weight
As shown in Figure 7, the unit weight will be affected slightly by increasing the
percentage of recycled asphalt. For example, the unit weight will decrease by about 4.58%
when the RAP content increased to percentage 75%.

Fig. 7. Effect of Increasing RAP% on Unit weight.
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3.1.2. Results of mix stability

As shown in Figure 8, as the RAP percent increase the stability will decrease. This may
be as a result of the fatigue of materials by aging. The value of decrease was depending on
the percentage of RAP added. For example, the stability value was decrease by about
11.13% at 25% RAP. Whereas, this value became 16.71% at 75% RAP. This means that,
the resistance of pavement distress was not affected significantly.

2000
1800
g| 1600
= — Stability=-3.4928x + 15574
= I ability=-3.4925
E e R*=0.854
Z| 1400 + —
-4 *
5 .
1200
1000
0 10 20 30 40 50 s 70 80 90
[5: rae ]

Fig. 8. Effect of Increasing RAP% on Marshall Stability

3.1.3. Results of flow

As shown in Figure 9, although the flow value was increase in conjunction with RAP percent
increase, the flow value was accepted until 50%RAP. After that, the flow value was out of
specification limits; it became more than 4 mm at 75% RAP. This means that, the expected permanent
deformation will increase significantly. So, it is not recommended to add more than 50% RAP.

46
44
42 *
N //
E|zs L
3| ss ///<> Flow = 0.0069x+ 3 263
2 /{ R* =0.9613
34 |1
32
3
28
0 10 20 30 40 S0 60 70 80 90

Fig. 9. Effect of Increasing RAP% on Flow.

3.1.4. Results of Air voids

As shown in Figure 10, when RAP% increased from zero to 50%, the air voids value
was decrease obviously. For instance, the flow value decreased from 4.6% to 3.2% by
adding 50% RAP. This represent about 30.43%. This trend was achieved also for voids
filled with bitumen as noticed in Figure 11.

5 80

+
| 75

— = e
I * e s
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w

o
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AirVoids=00739%+ 3.7452 55
R*=0.7367

2 50
O 10 20 30 4 50 60 70 B0 SO

1] 10 20 30 40 50 60 70 80 90

I% RAPI I% RAP I
Fig. 10. Effect of Increasing RAP% on Air Voids Fig. 11. Effect of Increasing RAP% on VFB

3.2.1. Bulk density &RAP content and adding (GF) relationship
Figure 12 showed that, the unit weight values at OBC decreased as the RAP increases which are
decreased from 2.338 to 2.231(t/m?3) by about 4.6% in control mix without glass fiber and are
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decreased from 2.351 to 2.296 (t/m3) by about 2.34% in modified asphalt mix with glass fiber. It
should be mentioned that, all values of unit weight of the modified mixtures are higher than the value
of control mix. This increase in unit weight is due to a result of the high density of added fiber. From
results is deduced that maximum value of unite weight is 2.351t/m3 at 0%RAP in modified mix.

Unite Weight (t/m3)

Mix GFO% \
odified 0.26% GF \

0 10 20 30 40 50 60 70 80

[fwe ]
Fig. 12. Relationship between unite weight and RAP % at 0.26% (GF)

3.2.2. Stability &RAP content and adding (GF) relationship

Figure 13 is shown that Marshall Stability decreased as the percentages of RAP increase It is
shown that the maximum stability occurs at 0% RAP in modified mix with glass fiber, which is
decreased from 1760 to 1580 (Kg) by about 10.23% at RAP% from 0% to 25%.but it is reduced from
1580 t01422 (kg) till reaches to 75%RAP by about 10%.the stability in control mix without GF
decreased from 1600 to 1422 Kg which represents about 11.13 when RAP% increased from O to
25%.after that it is started to decrease till reaches to 75%RAP from 1422 to 1332.6 Kg by about 6.3%.
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Fig. 13. Relationship between Stability and RAP % at 0.26% (GF)

3.2.3. Air Voids &RAP content and adding (GF) relationship

Figures 14 is shown that the AV% in modified asphalt mix with glass fiber is decreased as the
RAP content increases from 4.82% to 3.45% at peak from 0% to 50% RAP by about 28.4%.
When RAP is continued to 75%, AV% value is increased to 7.81% and AV% is indicated to out
limiting specification. It is found that AV% in control mix without GF is decreased from 4.6% to
3.2% by about 30.4% at peak (0% to 50% RAP). After that is increased to 6.49% at peak 75%
RAP. This is indicated to out of limiting specification at range (3 — 5%). It should be mentioned
that, all values of AV% of the modified mixtures are greater than the value of control mix. And
the maximum AV% is 4.82% at 25% RAP that met specifications.

9

8

7 /
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Fig. 14. Relationship between Air Voids and RAP % at 0.26% (GF)
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3.2.4. Flow & RAP content and adding (GF) relationship

Figure 15 showed that the modified flow with glass fiber is firstly increases from 3.38
mm to 3.61mm by about 6.8% with an increase in RAP contents up to 25% and then it is
increased to 4.37 mm with the increase in RAP till to 75%. Which the maximum flow value
is indicated to asphalt mix containing on higher percent from voids that are higher than
limiting specification or containing on not sufficient bitumen amount to resistant Durability.
After that it is started to increase to 4.37 mm at 75% RAP. In control mix without GF the
flow is increased from 3.24 to 3.67mm at RAP percent 50% by about 13.3%. After that the
flow value is increased to 4.16 mm as RAP content to 75%. The maximum flow value is 4.82
mm obtained at 0% RAP in modified mix. The high flow values indicate high flexibility
which increases the ability of HMA pavement to deform without cracking.
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Fig. 15. Relationship between Flow and RAP % at 0.26% (GF)

3.2.5. VFB & RAP content and adding (GF) relationship
Figures 16 show the variation in VFB% after adding GF to asphalt mixes. It is shown; the
maximum value of VFB% is obtained at 75% RAP. The Figure shows also that the values of
VVFB% are greater than those of the unmodified mix for the range of RAP content.
L4
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— T /
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Fig. 16. Relationship between VFB% and RAP % at 0.26% (GF)

3.3. Cost Effectiveness

In this section the cost effectiveness of using RAP in HMA will discuss. Cost and
expenditures from available highway construction data for conventional and recycled
HMA mixes are summarized. Table 10 show the cost for two mixes. According to the
current prices, considering 8500 LE/ton for bitumen and 160 LE/m® for aggregate. The
cost of conventional HMA mix with 5.10 % asphalt equals 585.34 LE/ton. However, the
total cost for RAP mix equals 120 LE/ton including milling machine and hauls. The
comparison for the total cost and saving for every mix was indicated in Table 11. It can be
noticed that easily by 20.8% of its initial cost with 25RAP%.
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Table 10.

Cost for virgin and RAP mix.

Item

Percent used (%4)

Cost/ton

Total Cost'ton

Aggregate

049

160

151.84

Asphalt Binder

5.10

8500

4335

Virgin Mix

585.34

RAP

Trucking

10

20

Milling*

100

100

FAP Mix

120

Table 11.

Savings by using RAP

%, Percent of RAP Savings

Cost/'ton

Savings, pound'ton Cost/Ton

0%

47623

0

25 %

46361

121.73

0%

34321

24013

5%

22682

33852

4. Conclusions

Depending on the previous results, we can conclude that:

The study stated that, it is not recommended to use the completely 100% RAP
materials in HMA as it's not satisfying the required specifications.

As the RAP% increases, the unit weight, OBC, and stability decreased, whereas
flow increased.

Increasing RAP% from zero to 50% decreased the air voids % by about 30.43% for
mix without modifier but is decreased by about 28.4% with adding glass fiber. After
that the RAP% reaches 75%, the AV% was 6.49% as increased by about 41% at mix
without modifier. But with adding GS, the AV% was (7.81%) as increased by about
62%. This percentage 75% was out of the specification range (3% — 5%).

The performance of asphalt mix improved significantly with adding glass fiber with
percentage 0.26% in the form of increasing the tensile strength of asphalt mixture.
From results of study, the use of RAP until (%50) as a maximum percentage in
unmodified asphalt mixture course sustained good results. To achieve better
performance, 25%RAP was used the percentage with (%0.26GS). This mix
achieved the specification requirements and ensured the degree of better
performance for paving and was economical by about 21% of the cost was saved.
To achieve good results with glass fiber, it have to increase the contacting surface
area by sustain good adhesion between the asphalt binder and the fiber. This
prevents concentrations of stress.

5. Recommendation

It is recommended that use low percentage of RAP in asphalt mixture not exceeded
25%RAP without modifier Bitumen but it is favored that using higher percentage
of RAP with modifier bitumen after checking it by tests such as Indirect tensile
strength and wheel Track Test till it accepted from concerned authority. This result
met with the previous research such as [19].

It is recommended to study the effect of other types of binder grade and modified
binder on the asphalt mix properties especially when will be used high percentages
of RAP in bituminous mixture.
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