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more resilient asphalt, enjoying the simultaneous softening quality of crumb rubber (CR) and hardening
quality of polyethylene terephthalate (PET). Therefore, the two additives were combined in (0 and 100)
%, (25 and 75) %, (50 and 50) %, (75 and 25) %, and (100 and 0) %, and the mixture was formed. Two
additives were added to the mixture in 10% and 15% by weight of bitumen. Resilient Modulus Testing,
Dynamic Creep Test, Moisture Sensitivity, and ITS Method were used to assess the modified mixture.
Results revealed that the recommended material had the desired characteristics so that the use of every
15% Dual-use Additives of Crumb Rubber (CR) and Polyethylene Terephthalate (PET) to bitumen used
leads to a 1.5% increase in Resilient Modulus and Dynamic Creep. Moreover, Indirect Tension in the dry
state will be 1.14 times of the control sample (Crumb Rubber (CR): 25% and Polyethylene Terephthalate
(PET): 75%). For the Moisture sensitivity test, the sample including 10 % of Crumb Rubber (CR) alone
can cause an increase in the moisture sensitivity by 11%. Finally, the neural network method is used to
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estimate the lab results and evaluate the model’s accuracy.

1- Introduction

Polymer-based materials, Recycled materials, and
Nanomaterials may be used for bitumen modification,
depending on the primary purpose. In addition to improving
some properties of the mixture, recycled materials have
many environmental benefits because they reduce waste
accumulation and environmental degradation [1]. Crumb
Rubber (CR) and Polyethylene Terephthalate (PET) — two
recycled materials — have been used in various studies
and different methods. Crumb Rubber is usually based on
rubber and tubes and is used either wet or dry to improve the
asphalt mixture quality. There are different types of PET and
the final composition and grading type used may affect the
final result [2]. For example, some studies have mentioned
that components inside the bitumen made it possible to use
polyethylene plastic waste to improve some of the bitumen
properties [3].

Moreover, research findings indicate that using waste
plastic bottles in SMA mixtures may improve the rutting
resistance and mixture hardness [4]. Furthermore, adding
waste plastic bottles into the hot asphalt mixtures can increase
the hardness of bitumen and viscosity of the modified
mixtures. An increase in viscosity of the modified mixtures
can reduce the density of sample asphalt [5]. In general,
studies have shown that using plastomers like polyethylene
to increase the rutting resistance at operating temperature
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may improve the bitumen used. Some researchers have used
other recycled materials made of crumb rubber to have a hot
asphalt concrete mixture. Findings demonstrate that these
recycled materials can improve bitumen qualities such as
bitumen adhesion resistance, adhesive property of bitumen
and increase the viscosity (to some extent) due to the loss of
some of the oils in mixing crumb rubber and bitumen. In this
regard, some elastomers, such as styrene-butadiene-styrene
(SBS), have increased the bitumen adhesion resistance and
fatigue resistance and reduced the thermal rutting sensitivity.
According to statistics, millions of tires are annually
collected and stored as waste after being discarded, creating
many environmental problems and a lack of space required
for storage. Additionally, Polyethylene Terephthalate (PET),
used to make plastic bottles and rigid food packaging, is one
of the most commonly recycled plastics. But more than half
of the plastics used to make these bottles are not collected
for recycling. Using these two wastes and their usage in the
construction industry has been investigated separately in
research; however, utilizing dual-use additives of CR and
PET together in previous research is one issue that needs to be
thoroughly investigated. In this study, the usage of a mixture
of Crumb Rubber (CR) and Polyethylene Terephthalate
(PET) of bottle grade (one of the recycled plastic wastes) as
elastomers and plastomers are investigated. The main aims
of this study are to assess the newly-introduced material, to
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estimate the additive effect using the Moisture sensitivity
test, Resilient Modulus Testing, Dynamic Creep Test, and
finally, the determination of the optimal mixing ratio of these
two materials and mixture of two materials with bitumen.
Furthermore, it is expected that the combination of the two
additives will result in the production of dual-use additives
that benefit from both the softening quality of the crumb
rubber and the hardening quality of PET.

2- Research Method

In the present study, experimental methods were used.
Using a control sample is one of the main characteristics
of this research method. To make these samples, we will
consider stone materials selection, types of bitumen, dual-
use additives bitumen, and the ways they can be mixed. After
that, the findings and results of the conducted experiments to
investigate the effect of dual-use additives on the bitumen
are discussed. Finally, the data will be numerically and
experimentally analyzed and the results of both sections will
be presented.

2- 1- Materials

Bitumen tests include Used materials and their grading,
which influence the qualities of asphalt mixture, some of
which are hardness, durability, permeability, performance,
and moisture sensitivity. Hence, in this study, pure bitumen
penetration grade 60/70 has been used, given that it is widely
used in asphalt samples. Tests run on bitumen are as follows:
permeability test, Softening point, ductility of bitumen,
Flashpoint, and specific gravity of bitumen.

2-1- 1- Used Additive

As mentioned above, the crumb rubber dual-use additive
based on the tube and polyethylene terephthalate (PET) is
made in Malaysia under the trade name BG 1021. To be
sieved, the size of the primary particles of the two substances
shall be 50. The two substances were mixed, and the dual-use
additive was formed using the Plastics Extrusion method.
Plastics extrusion is a high-volume manufacturing process in
which raw plastic is melted, and the materials are mixed in
the liquid state, and the plastic profile is extracted. The input
parameters of this device are three turning drums for mixing
the substances. In this study, the recommended temperatures
of the drums are 270, 280, and 270°, respectively. Finally, the
output was the profiles of the dual-use additives. Afterward,
these profiles were crushed into powder and mixed with the
bitumen with the high-speed stirrer. To that aim, the asphalt
mixtures were formed with the modified bitumen. Following
previous studies, the amount of polyethylene terephthalate
and crumb rubber used in this study ranged widely (0, 25,
50, 75, 100). We tried to reach a better perception of the
simultaneous performance of these substances by mixing
these two in different proportions (10% and 15%) with
bitumen. Amounts lower than 10% and higher than 15%
were tested and the optimum percentage was determined
after the formation and mixing the bitumen. One of the
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reasons for selecting the additive of 10% and 15% is that the
bitumen AC 60-70 is used. The behaviors of this bitumen
will lead to dissolving the additives immediately in a way
that if the amount of additive exceeds 15%, it would settle
in the bitumen.

3- Results and Discussion

At the very best, the tensile strength in the dry sample
containing 15% PET additive is improved up to 20%
compared to the control mixture. However, the indirect
tensile strength for the samples which underwent the
melting and freezing process is slightly different, in a way
that by increasing the percentage of PET in the additive, the
strength will reduce and if the additive contains more than
50% PET, the indirect tensile strength will be less than that
of the control sample. In this case, the sample containing
15% additive of crumb rubber only has the most indirect
tensile strength, which is improved up to 14% compared to
the control sample.

The results of the comparison of the strength of wet and
dry samples indicate that the mixtures containing the crumb
rubber only and the mixtures containing 75% crumb rubber
and 25% PET have desirable moisture sensitivity.

The boiling water test results indicated that the scour
is less for the mixtures with the crumb rubber only. Yet,
by increasing the PET in the additive, the scour increases,
and the stripping aggregates in these samples are more. The
scour in the additive of crumb rubber only in the samples
containing 15% additive are less than the samples with 10%
additive. However, this item follows a different procedure
for the samples with more than 50% PET, in a way that there
is no notable difference between the samples with 10% and
15% additive.

The results of the dynamic creep test indicate that the
mixture with additives containing 75% crumb rubber
and 25% PET has the most creep strength. In this type of
modifier, the mixture containing 15% additive also has
more resistance. All in all, using more PET instead of crumb
rubber will reduce the creep strength so that in mixtures
containing 100% PET, the creep strength is less than that of
the control sample.

It can be concluded from the module test that all the
additives (10% and 15%) will increase the static module
and the static modules which use PET instead of crumb
rubber will improve in a way that the proportion of the static
modules of samples containing 15% PET additive to control
sample is 50%.

4- Conclusions

The former research results indicate that in order to
optimize the neural networks in concrete and asphalt, using
this network can be beneficial in predicting the numerical
results. Using the ANFIS networks in order to predict the
result of tests pertinent to hot asphalt concrete indicated
that we could predict the experimental data using the neural
networks with low error rates.
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The optimum mixture for the formation of dual-use
additive is 75% of crumb rubber and 25% of PET; 15% of
this mixture will be mixed with the bitumen.

Given that they are recyclable, the dual-use additive is
less expensive than the bitumen and this factor, in addition
to the optimized particulars of the asphalt, makes the product
economical.
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Table 3. Feature of sample and percentage of modifiers
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Fig. 4. Neural network model for tensile strength
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Fig. 8. Results of the resilient modulus for 10% additive modified sample
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Fig.9. Results of the resilient modulus for 15 % additive modified sample
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Table 4. The percentage increase for samples containing additive to control sample in laboratory
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Table 5. Values obtained for R2 and RMSE between laboratory and numerical data
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Fig. 11. ANFIS result for experimental test

Jote O dal) (V) S8l oaabiie BB jiey o jos Sl
IS8 ol b @llas a8 cowl oals lis |y SawY jog polis o (Saigs p
sl b 5 cwl PET Y0/ 5 SawY 39y V0 4y bgyye jlaie yiSlas
Ol VY JS5 b o (S o s e St 39y ke
olts PET 5 Koo gy gl |y oeditnn s (288 (talos] oo
ol bl oo Atly it plie 4 metn et (S (lolejl &5 a0
b gm0 gbis PET 70+ 5 S g0 20+ 1) Jlado yiSTas IS5

e il waw i PET 5 Sz jogy e i3l

& 55 o - F
Sty 383l el 5 03508 S A5lo ecspail Jgo 455
ol 3 S ey cnl i1y SV bl Gloj wae 4y 5l b S j90 &
9 Bl Sy aged e s ajle 4 b (S50 4355 b b,
pEL Y d)Aa.a 9 alisee Lgllboj‘.b] Jel Lhui 5)91)5 9 u.))s .))5 Bl
ol b o S jdg jl edlitwl yisred (Bl o iz mlis ) CJ]
oS ol (e Alzis il clabolse p3 6Bl @0 4 YL 5
B0 ) LGl 48,8 )| )8 Calises pdisie dagi 350 pud gl Jlw o
sl il cbaiges 3 g (3958 plojer Sl wyp 4 pSb>

bl o)) Cluogas sy G0 ol hol Gun &5 13

XS e sy ]y (2Bile] ot o)y SUlg il Jse

5l VLl Lt al8ilo)]l s sl gy R2 i 15
ol 3 oad sl el sla Jde ¢ opmizmad .ol + 4 S0 RMSE
Bilejl claodly 4 S5 2o HlEe w i cabl (s
5 oflel (Jio s 5 (Steren oy polis jledlatel )b 1)
o bl aSud Como e Gl Sopte o el cp )
doaSiis cpl cole Lol Gun 0gd o 03y )5 4 iz Clidss
wib oo oiinlejl p3 ond plowl slaiales] (lp (odae pdlie 340,
JHo bawgi (re3S pilie (S35 (e covas aSud sl ) &S
O3 elie 9 29800 gy «Sople gl dw (b (Bly lie &
[Ya] sl bl obs,l 5o Jde el godimd LS Al o polie oyl
it 93 oy bl VY S amd e bt |y Cansdly ol A b0 S
(Shazy Jose) (295 a5 Saw¥ g SPET (095
Ay o U 1y ((Seolied G35 g oede e (IS Cuoglio ol
S g bgye (Seals (833 Glpes AV JS5 L illas
U555 S S a8 0Bl oo whe ol saimy L &S wib o PET 4
g 23b o PET 70+ 5 Saw¥ jog 40+ polie b lagye (Sesliss
Swelod o33 daw Slpss PET g Ko g jliie gials L
PETZ Ve L7+ Y j3g o o8 oS Lol el o yilS

YYY



YYAL V-2 docio VF ) Jlo o) oyl OF 093 ey puol ) yos (wrbits &yt

Jde oy i PET 50,0 Y0 g St 390 o d YO L (53938) gl
9l bglss 0uilS Mol jl g5 cnl 3 owizmen )b 1) (G835 Cueglie
3 e (0 30le (IS Sl 53 95l (it Caaglie (339381 453 10
95 Cunglio jlaie I Sz 35 (sl 4 bglsee 0 PET Jluds ol
PET aops Vee (ol slabglien 5 45 (gligS 4 anl8 o bglsko
Al o Cawd 4 28l Wiged | yieS oS B3 Cuoglie lade
o 509331 kS 45 85 aoe g0 3 Jgio Sabojl s ) @
Wb oo bglee ( Sliwl Jodo Liulial el V0 5 Ve duoyd 93y 40
gy S g b 4 PET (03S0k b (Sl Jgoe 350 9
VO (ol diges ( Slim] Jado Cuns &S (gysb 4 .08 o (b 1) (g35%0
A5l o Lo yd B 39ds dald dges & s PET Gsg38l sy
) 2Rk @l gy p ras Kb 658 & °
bt b Sl ol 5 ol 5 5 pline Sl 390 1)
ooy ot clliwl g 0 )0 mar (laeSid gl (5 4 okate
4 Sl Bhe gdae gl s )3 Wlg e 4l !l eolatwl &S sl
o talojl (goled (a8 yskiato 4y b 328 () ) il 4S5 (655,
xS b g e &S cunl odld lis )5 Il (o 3 oads sl
35 0ne35 |y AIStsle3] (cloosls il s (slas b s sloeSsd
S5 Ol ok Gl el Al (85 5 Lol > @
9 Ssi¥ g 203 VO 5l (S 5 1) algd (3958 Clo sl At
Lgd o oS 5 b b loyd V0 Hlade 4 a5 55 ol PET aspy v
S o Badns jo ol dlpde Aled  Jg38l I eslail °
O 9 Sl 8 Cuod lie 3 (520l Cead Sl (390 (BLSL
ol il bl clasgad I 5y 290 S 3 Vg e o

Lled ddyo &y (g0 1y (539381 Cpl 5l eolaiwl (golal o

&lo

[1]. Xiao F, Zhao W, Gandhi T, Amirkhanian SN. Influence

of antistripping additives on moisture susceptibility of

warm mix asphalt mixtures. Journal of Materials in Civil
Engineering. 2010 Oct;22(10):1047-55.

[2]. Jahanian HR, Shafabakhsh GH, Divandari H.

Performance evaluation of Hot Mix Asphalt (HMA)

containing bitumen modified with Gilsonite. Construction

and Building Materials. 2017 Jan 30;131:156-64.

Yo

5 S g g PET s jl alfgd 55958l ons pMol  Hlawl
olo g3yl b J1y8 5l Bum b o lge pl bWE] digs Mo yd puues
bl s 3 s L 4y il gl 1 o 5
ool Loy oy dings &S ASb o yeiw lawys Suis py 9 PET
Soslial b 33,5 (o (Bpme B (03Nl i 4 03lo 93 (] ]
9 o930 w3y AL @l 5S4 e &b sladae
G @l 25 e )l @ (e ) ras 4D b Jde 2L
S Il guios )

U bitane e S Canglio yiolojl 5l odel Cums 4 ol @
Sabolsws den jd Sid el )0 pafins pub (S Cuoglie 45 dd 0
Cuoglio il oy g 5 ol A8l 3 guny Sl diges 4y Cousd 04 Mo
& Cand PET 539380 10,310 (g9l bglste i s j> iiS
CsialS Canglie &S Jl> 55 .ol 4Bl daupy Juoyd Vo D9 sl bglses
o5 ol ) sloxil g 03 0)93 Sy & (ladiged sl peuibine yus
Jde ¢ 539381 )3 PET soys (iliél b aS a563 ) 4 el pglane
PET sops 0 i 539580 3 a8 b )3 g ol yieS Caoglie
Wged 3l yiaS b pl 0> pufiune el iiS Caoglde bl aLily 3924
by pooditane yod (S Caoglie (3 5V Lalps pl )3 g 2945 00 S0l
Wgod 4y Capuns 45 Sl Ll Sy )92 (539381 405310 (g9l> digei 4
ol 4TS 3gups do 3 VY sal

o olid i g Jlwglio duwslie @ baye ol °
st slabglie (rman o s S )35 ($938l (55l sabglie
susb)y Cawles PET 1053 Y0 5 SawY 350 dop> VO 53938
Ay (sellas

ol slabgln gl &8 b ol olise o ko)l gl @
b5 4Ll b g g e ol (6508 St o o St 395
e ¢ 4l il b Saws o (G398l > PET sy
sdalio jiipn sbaised (pl 3 Mies (plin (S5 olys sy &
lodiges ;> o S g 3938l 50 (Stud o ke gl
odnlino 33938 do s Vo b sladises I jeST 3g38] Ao ys VO (ol
5,0 PET wop 00 5l i oS oladiges (glp )90 cpl Jg 395 00
Oglis baiges (pl lp & yeb @ WS (o0 (b 1) s peslite X,
Dy e odaliie (53938100 5 Ve (5l> sladiges o Sl

slabsle & a0 b5 (Sl G35 gilefl mls @



Materials. 2009 Jul 1;23(7):2701-8.
[13]. Kok BV, Colak H. Laboratory comparison of the

crumb-rubber and SBS modified bitumen and hot mix
asphalt. Construction and Building Materials. 2011 Aug
1;25(8):3204-12.

[14]. Hamad GS, Jaya RP, Hassan NA, Aziz MM,
MohdYusak MI. Influences of Crumb Rubber Size
on Hot Mix Asphalt Mixtures (Doctoral dissertation,
Universiti Teknologi Malaysia).

[15]. Wulandari PS, Tjandra D.Use of crumb rubber
as an additive in asphalt concrete mixture (Doctoral
dissertation, Petra Christian University).

[16]. Wang H, Liu X, Zhang H, Apostolidis P, Scarpas T,
Erkens S. Asphalt-rubber interaction and performance
evaluation of rubberised asphalt binders containing
non-foaming warm-mix additives. Road Materials and

Pavement Design. 2018 Dec 28:1-22.

[17]. Yusof NA, Ibrahim A, Noor MH, Tahir NM, Yusof
NM, Abidin NZ, Osman MK. Deep convolution neural
network for crack detection on asphalt pavement.
InJournal of Physics: Conference Series 2019 Nov (Vol.
1349, No. 1, p. 012020). IOP Publishing.

[18]. Nivedya MK, Mallick RB. Artificial neural network-
based prediction of field permeability of hot mix asphalt
pavement layers. International Journal of Pavement

Engineering. 2018 Sep 15:1-2.

[19]. Hoang ND, Nguyen QL. Automatic recognition of
asphalt pavement cracks based on image processing
and machine learning approaches: a comparative study
on classifier performance. Mathematical Problems in

Engineering. 2018;2018.

[20]. Asi IM. Laboratory comparison study for the use of
stone matrix asphalt in hot weather climates. Construction
and Building Materials. 2006 Dec 1;20(10):982-9.

[21]. Ishigami, A., Kodama, Y., Wagatsuma, T., & Ito, H.
(2017). Evaluation of Structures and Morphologies of
Recycled PC/PET Blends Fabricated by High-Shear

Kneading Processing. International Polymer Processing,
32(5), 568-573.

[3]s Wb el sd 3 53 sl 250 S ) (1385) osaie s 38
Ja sden 225058 5 3y ¢ e i lin (sladaslas

[4]. Ameri M, Nemati M, Shaker H. Experimental and
numerical investigation of the properties of the Hot Mix
Asphalt Concrete with basalt and glass fiber. Frattura ed
Integrita Strutturale. 2019 Aug 30;13(50):149-62.

[5]. AmeriM, Nasr D. Performance properties of devulcanized
waste PET modified asphalt mixtures. Petroleum Science

and Technology. 2017 Jan 2;35(1):99-104.
[6]. Naskar M, Chaki TK, Reddy KS. Effect of waste plastic

as modifier on thermal stability and degradation kinetics
of bitumen/waste plastics blend. Thermochimica Acta.
2010 Sep 20;509(1-2):128-34.

[7]. Ahmadinia E, Zargar M, Karim MR, Abdelaziz M,
Ahmadinia E. Performance evaluation of utilization of
waste Polyethylene Terephthalate (PET) in stone mastic
asphalt. Construction and Building Materials. 2012 Nov
1;36:984-9.

[8]. Ameri M, Nasr D. Properties of asphalt modified with
devulcanized polyethylene terephthalate. Petroleum

Science and Technology. 2016 Aug 17;34(16):1424-30.

[9]. Ameri A, Ameri M, Shaker H, Karamroudi M. Laboratory
Evaluating of Physical and rheological properties of
modified bitumen Containing Crumb rubber and EVA.
Journal of Transportation Infrastructure Engineering.
2020 Oct 22;6(3):1-2.

[10]. Farazmand P, Hayati P, Shaker H, Rezaei S. Relationship
between microscopic analysis and quantitative and
qualitative indicators of moisture susceptibility evaluation
of warm-mix asphalt mixtures containing modifiers.

Frattura ed Integrita Strutturale. 2020;14(51):215-24.

[11]. Ameri M, Mohammadi R, Mousavinezhad M, Ameri A,
Shaker H, Fasihpour A. Evaluating Properties of Asphalt
Mixtures Containing polymers of Styrene Butadiene
Rubber (SBR) and recycled Polyethylene Terephthalate
(rPET) against Failures Caused by Rutting, Moisture
and Fatigue. Frattura ed Integrita Strutturale. 2020 May
19;14(53):177-86.

[12]. Liu S, Cao W, Fang J, Shang S. Variance analysis
and performance evaluation of different crumb rubber

modified (CRM) asphalt. Construction and Building



YYAL V-2 docio VF ) Jlo o) oyl OF 093 ey puol ) yos (wrbits &yt

Tang W, Cui H. Effect of nano-CuO on engineering and
microstructure properties of fibre-reinforced mortars
incorporating metakaolin: experimental and numerical
studies. Materials. 2017 Oct;10(10):1215.

[27]. Khotbehsara, M. M., Miyandehi, B. M., Naseri, F.,
Ozbakkaloglu, T., Jafari, F., & Mohseni, E. (2018). Effect
of Sn0O2, ZrO2, and CaCO3 nanoparticles on water
transport and durability properties of self-compacting
mortar containing fly ash: Experimental observations
and ANFIS predictions. Construction and Building
Materials, 158, 823-834.

[28]. Badarloo, B., Kari, A., & Jafari, F. (2018). Experimental
and Numerical Study to Determine the Relationship
between Tensile Strength and Compressive Strength of

Concrete. Civil Engineering Journal, 4(11), 2787-2800.
[29]. Ameri, M., Shaker, H., Badarloo, B., & Jafari, F.

(2020). Numerical and Experimental Investigation on
the Modified of Hot Mix Asphalt Concrete Containing

Crumb Rubber and Waste Pet. Tehnicki vjesnik, 27(4),
1186-1193.

[22] Peinado, V., Castell, P., Garcia, L., & Fernandez,
A. (2015). Effect of extrusion on the mechanical and
rheological properties of a reinforced poly (lactic acid):
reprocessing and recycling of biobased materials.

Materials, 8(10), 7106-7117.
[23]. Al-Qadi IL, Yoo PJ, Elseifi MA, Nelson S. Creep

behavior of hot-mix asphalt due to heavy vehicular
tire loading. Journal of engineering mechanics. 2009
Nov;135(11):1265-73.

[24]. ASTM D. 4123-82,. Standard test method for indirect

tension test for resilient modulus of bituminous mixtures.
1995.

[25]. Tjaronge MW, Irmawaty R, Hustim M. Effect of
portland composite cement and buton granular asphalt on
indirect tensile strength of emulsified asphalt cold mix
using limestone aggregate. InIOP Conference Series:
Earth and Environmental Science 2020 Jan (Vol. 419,
No. 1, p. 012048). IOP Publishing.

[26]. Ghanei A, Jafari F, Khotbehsara MM, Mohseni E,

Civil Eng., 54(1) (2022) 209-228.

DOI: 10.22060/ceej.2021.18530.6887

> gl ) Ao (] @ digSe
A. Ameri, M. Ameri, H. Shaker, F. Jafari, B. Badarloo, Evaluation of the dual additive effect
of rubber powder and PET numerically and laboratory in Hot asphalt mixture, Amirkabir J.

Yy






