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Property Results
Melting temperature 160
Specific gravity 0.91
Maximum Particle Size

After Grinding And Sieving (mm) 0.3

sl -\
QTQWASC,\.»\ o oslarul ‘Mw@dﬁ)lGCIOISItCISA (’L‘L‘C‘fj‘l‘i)}“:"}"u”)}’l’)‘u:“)}igﬁ‘)°

el s ab‘)‘ﬂo J)JQ'-JJ

evy



VoY J:‘.-.’.Li Al a)La.:v L(ﬁ}« 69> LM JLw cJL}J&MW}ﬁ&&MU@

gl Olasie 0 Jya

Organic modifier 2M2HT
Density 0.5-10.7 gr/cm3
X-ray result (d001) 31.5A
Moisture content 1-2%

Specific surface area 220-270 m2/gr

Weight loss on ignition 43%
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C 44 46 223
1PPON0S0Z 48 51 2.62
2PPONO0S0Z 51.5 54 2.84
3PPON0S0Z 54 57 2.98
1PP3N0S0Z 53 55 2.34
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1PP3N2S0Z 55 57 237
2PP3N02S0Z 58 60 241
3PP3N2S0Z 61.5 64 2.47
1PP3N0S0.3Z 54 56 2.4
2PP3N0S0.3Z 57 59 2.45
3PP3N0S0.3Z 60.5 63 2.48
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Binder type R100 R3200 Jnr100 Jnr3200 Inrdiff
% % kPa-1 kPa-1 %

C 3.83 0.5 2.10 3.00 48.345
1PPONOSO0Z 37.5 19.64 1.41 1.76 35.657
2PPONOS0Z 38.3 25.32 0.90 1.53 41.458
3PPONOSOZ 41.6 27.65 0.76 1.42 49521
1PP3N0S0Z 46.4 29.56 0.63 1.34 52.743
2PP3N0S0Z 48.46 31.2 0.54 1.23 58.018
3PP3N0S0Z 51.7 33.6 0.47 1.16 62.953
1PP3N2S0Z 48.2 324 0.52 1.25 41.586
2PP3N02S0Z 50.3 347 0.41 1.13 51.58
3PP3N2S0Z 53.9 36.1 0.32 0.93 53.67
1PP3N0S0.3Z 47.2 30.6 0.58 1.28 55.632

2PP3N0S0.3Z 49.5 324 0.47 1.20 56.379
3PP3N0S0.3Z 52.6 34.8 0.38 1.03 58.256

LYo



Ve Y j:‘.',’.l'.’. M b)La.ni L(ﬁ}w 092 Lv.:..\.».:._: JL»I c&b}&vuw‘)ﬁwuw

S p S5 e a ol slayd b ol ool

sl esls

LAS @b—i—\—i
Ol olal a8 s e 0l 1, LAS @Y dodr
23 N A e Ghas i b s S Ol
J\ béw.w\Lgasz o3ls QL.:.; @L'l.z b},\ﬁn‘ja YLJ;JCEM
e dkiL;1 sl 3 u‘<‘:““> A Dpg A e JA)).ZL}
Lo s gphalasl ulpl Js o cul Seo

Aol ey 96 Sleslanal b

Jnr-diff) iS50 L6,s dsde 53 Ml Ao s

gl 03 Slmis Blie 53 3 Sl e s 2 Gl
FYor B e 5l e s sl S i
LS e A 3l cuss ol STl sl UL
s gl L5l 3 45 s e 0L a3
Inr- sl glyls s 3 pled O sl mld 4 g L
(bl s @ a5 L Ly V0 3len a1 s diff
s Adnr i o nin 5K L sddp sl gle
L Lld oS dails b 5l sl o s 1 R o 2

s pos (S o8 s N

Binder Type 2.5% Strain Level 5% Strain Level
C 1366 853
1PPON0OS0Z 2200 890
2PPONO0S0Z 3300 945
3PPONOS0Z 4200 1045
1PP3N0S0Z 2500 950
2PP3N0S0Z 3500 1070
3PP3N0S0Z 4500 1160
1PP3N2S0Z 3500 1100
2PP3N02S0Z 4100 1400
3PP3N2S0Z 4600 1630
1PP3N0S0.3Z 3100 1060
2PP3N0S0.3Z 3800 1286
3PP3N0S0.3Z 4570 1500

Sl sde @l bl b e s Jlsild Caslis
S R s A Gl kAT L sl (slad gl
YL ksl opl poosdle Kng Lalls 3 g5l 4 gas
oo e A WY o sU Y e 5 Dhosn b
5345 5 lilen dmils sdiipdhol i ped b anlie 53 VL
€J§ dos S35l 05531 (ol el eals DL VY S
Blgir S 35he sl 53 LS 5 Shes e o
s S eslizad b &gel g pdocillanl il s«
O 8l s Jlasld 5 Sles a3 3L 2 S aed
Sl bosdimdol sladsai WMA s s

..,\J)\J‘))L:.iﬂ|ﬂ)édwjl.b&.i%

AN

bglsus gl isle)l aoesi-Y-£

oy sae bl mli-V-Y-t
slie e e OLE 1y bakgas Slsy sae VY S
S plp 03 labylse oS s e DL Sl sde 2
sz S 0358l e s Spslie ST gl IS
S g e gl j Saijls caslie [l sl
G sheslaad b wsed O4d Caw s 4 ool S
e Al o balse Caslie an g 5 3L Gl
A3 03550 L als Ol bl Rl iy te
ot s b SRl s Gl sde s b
Ol edle b il Sasls ol g caslie
Ll s 55 Sloy sde (il 4 mie ay 6l 51 eslinal
oRIBl Lol Goo sl Sl eslinal opl edle 55 e
S 3 5 asdhe bbb 3w Sy s e



Flow Number

VoY ):’.L.’. Al c)Lmi Lr).w 693 LM JL.« LJEJ}JWMLALA}J‘.&L;«L&MM

8000

7000

6000

D
(=
(=3
(=]

N
(=2
(=
S

[O%)
(=
(=3
(=)

2000

1000

(=]

%&

Q QG'JQ(\/ Q
Q %) £
& F

%“q’

Q‘Z

%Qq’

s

v
&
\Q

&

Modified mixtures

LkAJ‘,.u' ‘;ﬂ}) Sde @Lﬁ AR JSJ

ﬁ‘ﬂ)b CA.A}LE.A U.._»J:.\L.:.r CA:JJML.JL.A.LJ CM«F\ LgLMLZ)A}

Aol 1 Ll

FPB pl-Y-v-L
Ol e glad gus (6l 5 1, ;§M~>/' - e VY I
Jﬁ;}ﬁ; L;i u:_g_).é‘ | AWL S )jja:Lo.A .MDL;A
@l sl Ll babses 53 1y Lo gie slos sla S35
sbos sl S5 55 ol L6 5l eslinal oS sls LIS
orhsn bl RIBLasa e bl s e
sl QLS s s babdse o Ko es il sl
oo by lawse gles ol pf aa S350l 5l eslanal &
Carsmlor 5l oslital imman das o 1580 Lab sl
8 Sl i i g Saest s degp sl

HANY

Ear sl sba-Y-Y-t
o3y QLS VY S8 55 il gladsas gLt s
ﬁ&@ﬁm&jﬁ&‘@uq@jp‘w\aﬂ
e Ohsn Ghooel sk bk 5 S0k Gos
oo Sl eslizal cpl s esdle s e SRl byl
Loy Rl Lo gl o badged HLd 3 Shas 35 Sl
Al PRl el JSS e Seaslie olas s b
Gl sl ol 3 s Ao ¥ g Sl sl
TRV S o I NS C- RN PR WS § SRS
VST A N OUSPTRRTSST N WO P (NP
soedle sl o Aoy YE L byse RD rals o
G Lol ol bglsa 2 s, 56 AY 035580
LAYV G el K ks slie palS Eel o
St a4 e S e G35l nl e dle
Sy Bllanil 05 ded S 5530 g e Lakisad 3 el
WMA - ot sad o 53 Ldise 35 1 b sl



Rut Depth (mm)
w2 BN

[\

Fatigue Life (Cycle)

VoY J:’.Ll Al cjkmi Lr).w 693 LM JL.« LLPJ}J”MLALA}J'.&J«L&MM

¢ & & & %§b s

Q %Q(\/ Q %Q

Q Q Q
Qé§} Qé§} A§§§9 Qigé Qigé Qigé Qigé éfﬁéq, dgiggb Qj$§? ,é§§? Q{$S¢
Modified Mixture
Lk gai & 7 sl Hled S N S
140000
120000
100000
80000
60000
40000
20000
0
© <§§§V <§g§b <§§§b d$§§§b A$S§§b d$§§§}:2<§§§va$§¢§§“ €5§§b €S$§€bd$§§9 a$§ébqw

N R S I S SO I S

Modified Mixtures

b 05 (S o8 s AT K2

YA



Ve Y j:‘.',’.l'.’. M b)La.ni L(ﬁ}w 092 Lv.:..\.».:._: JL»I c&b}&vuw‘)ﬁwuw

bse sl a3 5 250 e baised 3 ansSss
[ r; ‘\.A.:.: u.:.))jﬁ‘ )\ oalaial .,\.aLLLsﬂ u:*i‘ﬁ‘ )L:.J; “
4 el e &S 355 0 Wi gad 55 5L sla S35 s
WMA 51 eslisal b @50 g pdoillanl 2l5l s
Al bl bl Sassls s Ses o plal ool
au\.\icw‘ 6\.&4.'-_,,«.} WMA 6\.&43)».; e 03
gl Sasls el Sles oy 2 Sasobit L
S Gl ) ekl F o sl Jd i A s L -
Lons il bdd badiged 5o jLd Cueglie 35
g;L; Lr ol CM.J\ J.::e B ;I‘))"L' u.?)jj'.é‘ )\ oalaiul
T2 VUL U PN - SUUE R VS SRURN WP
Ldetisn 3 g 1) bss 5y Sllanil p S aas o5
el Sasobit L s ok ses WMA Gt o0
..L')\;;Jﬁi)\:ﬁiﬂ\ﬂ);\);&pwﬁ‘xlau

DBy s e hus s e Os30 sls 0L @Lﬁ—
ommen ol o3 S il bk 5 5 S
bylses 5 o8 bkl Siwst e il cow sl
RO PR P

S S 420

3 Oean b S LU Gas p B sy
Jjﬂw )Lﬁ)_}.u (; du;..:.» L;L’Qu"‘:}f}‘ u:.em.sb) gf“)fl"
Ail e Sz SMA Lyl 5 5 gladised o
Sl b (Solus i aler Sl ks olabel
rl}ul QS/J\.@;- - 2 J}Ja} ‘W;“ ]:9 ;‘ms'" b &;ﬁjuﬂ gcﬂ
b 3 SSHE OB on Sl Lo D
:zjj’lcmu:m:ol}:da
Wjﬁ)lﬁ})ﬁ;;‘i.jl oslaial gMSCR @le wL\ﬂ‘ e
8 Caslie sl 5 8 G xRS el st
sz sk O3l cnl edle s (Saasls S 5
b L3 TN lde o bl caslie il Cel i
ol C)L&l 6@/,:3 C,\.BL_{ JZ.A‘S WMA J]}A )l oslaial L:
sl ol Gl 4 cans S Inr gl co sl
:M@g&,ﬂ&o;,}zl@lw:.Lp@uwl.wlﬂ—
03 3 el s b Sl eslinal ad ek ges s LS LS,
b e SRl bl s S Sl sue

Wj&wﬂlylwﬂjﬁﬁ)lumlé

6 Feslos =

Gt NV EY ol 4 0Ll o3k 5 e JKisls (Grant) isss ohs Sllael 3l eslizal U Slidss b

1- Municipality Solid Waste

2- Polyvinyl Chloride

3- Polyethylene Terephthalate

4- Polypropylene

5- Stone Matrix Asphalt

6- National Cooperative Highway Research Program
7- Dynamic Shear Rheometer

1- Warm Mix Asphalt

8- Multiple Stress Creep Recovery
9- Linear Amplitude Sweep
10-Universal Testing Machine
11-Percent Recovery

AR

el 0 (:l}u\ VEY/2Y/YA



VoY j‘:‘.‘.’.l‘.’. Al a)w L(S}Mr 69> LM JLw cJL}J&MW}}iJ«l&AAM

-Obaid, Hayder Abbas, (2009),
"Characteristics of warm mixed asphalt
modified by waste polymer and nano-
silica." International Journal of Pavement
Research and Technology 14, pp. 397-401.
-Robjent, Lyndon, and Wayne Dosh, (2009),
"Warm-mix asphalt for rural county roads",
In Cold Regions Engineering 2009, Cold
Regions Impacts on Research, Design, and
Construction, pp. 438-454.

-Seng6z, Burak, Ali Topal, and Cagri
Gorkem, (2013), "Evaluation of moisture
characteristics of warm mix asphalt involving
natural  zeolite", Road  materials  and
pavement design 14, No. 4, pp. 933-945.
-Vidal, Rosario, Enrique Moliner, German
Martinez, and M. Carmen Rubio, (2013),
"Life cycle assessment of hot mix asphalt and
zeolite-based warm mix asphalt with
reclaimed asphalt pavement", Resources,
Conservation and Recycling 74, pp.101-114.
-Wang, Y., C. Wang, H. Bahia, (2017),
“Comparison of the fatigue failure behaviour
for asphalt binder using both cyclic and
monotonic loading modes, Constr. Build.
Mater”, 15, pp.767-774.

-Yidirim Y., (2007), “Polymer modified
asphalt binders, Constr Build Mater,” 21(1),
pp-66-72.

-Zhao, Wenbin, Feipeng Xiao, Serji N.
Amirkhanian, and Bradley J. Putman, (2012),
"Characterization of rutting performance of
warm additive modified asphalt
mixtures", Construction and Building
Materials 31, pp.265-272.

-Zhang, L.F. Walubita, A.N. Faruk, P. Karki,
G.S. Simate, (2015), “Use of the MSCR test
to characterize the asphalt binder properties
relative to HMA rutting performance—-A
laboratory study, Constr. Build. Mater,” 94,
pp. 218-227.

-Zhang F, Yu JY., (2010), “The research for
high-performance SBR compound modified
asphalt”, Constr Build Mater, 24(3),
pp-410-8.

£é

3‘ oA
-AASHTO T., (2012), “Standard test method
for multiple stress creep recovery (MSCR)
test of asphalt binder using a dynamic shear
rheometer”, Washington, DC: American
Association of State Transport and Officials.
-Arabani, Mahyar, Seyed Amid Tahami, and
Gholam Hossein Hamedi, (2018),
"Performance evaluation of dry process
crumb rubber-modified asphalt mixtures with
nanomaterial." Road Materials and Pavement
Design 19, No. 5, pp. 1241-1258.
-Bala, Nura, Ibrahim Kamaruddin, Madzlan
Napiah, and Nasiru Danlami, (2017),
"Rheological and rutting evaluation of
composite nanosilica/polyethylene modified
bitumen." In IOP conference series: materials
science and engineering, Vol. 201, No. 1,
pp- 012012, IOP Publishing.
-Bala, Nura, Madzlan Napiah, and Ibrahim
Kamaruddin, (2018), "Effect of nanosilica
particles on polypropylene polymer modified
asphalt mixture performance, " Case studies
in construction materials 8, pp.447-454.
-Brown ER, Cooley LA., (1999), “Designing
stone matrix asphalt mixtures for rut-resistant
pavements”, Transport Res Board.
Buruiana, Daniela Laura, Puiu Lucian
Georgescu, Gabriel Bogdan Carp, and
Viorica Ghisman. (2023), "Recycling micro
polypropylene in modified hot asphalt
mixture", Scientific Reports 13, No. 1, 3639.
-Fattah, Mohammed Y., Wissam
Abdulkhabeer, and Miami M. Hilal, (2021),
"Characteristics of asphalt binder and
mixture modified with waste polypropylene,
"Engineering and Technology Journal 39,
No. 8, pp.1224-1230.
-Kim, Sungun, Jiyong Park, Sungjin Lee, and
Kwang Kim, (2014), "Performance of
modified WMA Mixtures prepared using the
same class pg Dbinders of HMA
mixtures",  Journal of Testing and
Evaluation 42, No. 2, pp. 347-356.



Laboratory Evaluation of the Effect of Warm Mix Asphalt
Additive on the Performance of Bitumen and Asphalt
Mixture Containing Polypropylene Waste and Nanoclay

Rezvan Babagoli, Assistant Professor, Department of Civil Engineering,
University of Science and Technology of Mazandaran, Behshahr, Iran.

E-mail: Rezvan Babagoli@yahoo.com

Received: March 2023- Accepted: August 2023

ABSTRACT

The improvement of asphalt materials to develop the overall performance of bitumen and asphalt
mixtures has been the focus of several researches that have been carried out in the past few
decades. Using plastic waste in asphalt modification is one of the measures taken in this
direction. The use of waste materials in the construction of pavements not only improves the
properties of asphalt, but also significantly saves the cost of pavement materials and helps to
solve the problems of disposing of such waste materials that can cause water pollution. Become
soil and air, they are dangerous. Therefore, in this research, the effect of semi-heated asphalt
additives, nanoclay and polypropylene waste on the performance characteristics of bitumen and
asphalt mixtures was evaluated. In the present research, nanoclay (3% bitumen weight),
polypropylene waste (1%, 2% and 3% bitumen weight) and 2 semi-heated additives (2% Sasobit
and also 0.3% Zycotherm) were used to modify pure bitumen (85/100). ) used. Several bitumen
rheological tests and mixture performance tests were conducted. The results of the bitumen
rheological behavior test showed that the addition of composite additives leads to an increase in
the high temperature behavior of bitumen. Bitumen storage stability test also showed that using
nanoclay improves the storage stability of polypropylene-containing bitumen. The rutting
resistance of bitumen increases with the addition of nanoclay and polypropylene. In addition,
nanoclay and semi-heated additive can increase the fatigue behavior of polypropylene modified
bitumen. The results of the sample test showed that the use of polypropylene, semi-warm
additives and nanoclay improves the performance characteristics of bitumen and asphalt
mixtures.
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