[ Downloaded from mcej.modares.ac.ir on 2024-11-28 ]

[ DOI: 10.22034/24.1.25]

gl = (ole Al
orte Oy (oine
VEr Jlo ) ojlad ¥ 0y
TV BV Slxio

TS L BT 309 1 o (5397 5 Sl y399 il L3
SIS Syl gt g diw gnd G aiS b (ST T sl b glivo

Y Y. o7 Y . #)
SRE S o L3 gdge ¢ (g R A ¢ o g8 el

uw)J.A C.;».;JJ.’ o@‘.} ‘g.,.w.l).la.?u}d‘Ja& 0 dSESNs ol N
uw)J.AC,‘:J.JJom‘s‘§j|;jabojjfo\ﬁ“)\qu)gcjer.:a'b.\‘

u»).,\,ag:,._\.g)?oK..iJ‘Jcdﬂ‘_ﬁjeba)ﬁo\jaﬁéﬁJ‘ﬁhﬁ.}b.Y’

Kavussia@modares.ac.ir
VERY/ VYY1 b dy &b VEV/HY bl s Gl

o>

- oo%
5 ol lales O gaman WS .ol Ilie] (glalo gl el Sl 4o 0 03,0 sy S il Glab e 53 Saw¥ g 5l ealizud
OIL;}:?)SMUA.Lw\_,.}fé.:lwy):5JMM.Sbjd)bjédrﬂ.»t.ljbli)%.b‘k\.ﬂjﬁ‘\:JU.»TJL&M\;-)G)QL;L;\Q\”PJM)Q‘Ybrsllj
Sosl Sz a5 sl eslanad ( SaoN gl 3 5l eslanal OMSis 2alS (gl s sla s 31 S A el es Slacgssdee L G s
GS 0 Ol 5 0l angs Sdeeli S Sl Al 3 3 a8 el Wlues Sl 5 Sdes 3l 07 B s SN 3l oS 5 S (el o
L sdd Sl il g gai Caoslis o el JLssle Sl bl cob Il s cnl 3 Bk e e SEE 5w of
GMELL 5 Ll s 8L & S il Sl eslined b Sails ol 5o Hlin] foddoite 5 ate s gdudils b sdds,sl 5 Sau¥ sy
G S das e DL B A lie 5 s 4 (Sl 8 s el 5 sl sladised bs 4 S5 Lol a)se 6015 (s
o bl 53 6 (b s e SRl (SAESLE a3 1 e sad e glie o5yl b StV 5 p g StVos g S35580 5 a
WUBI&};{;} J‘i‘f’f’): ;M)l:ﬁ:ﬁ‘ﬁ)iujm ng"lj"o L;‘T’ S 0 c.L.:T:éJ)IJ_.% SH*I*AY)J‘,J M)}Yo )\ oslaial ;L;)\_K)L!
WJ‘Y’JA[SM.L.Z&)}T}&:;«Y)}){M)}YO )15:1.&»‘M36AQL:4 L;))N‘_gﬂjxéj\.\f)bﬂu)T@bJA:uJ)JJMLZ 44}«.;4.»
L;S))bq.ajlsa\}m@Mudd}@@w\)ﬁlﬁm)wﬁL;J\;J_‘u'l:l{ddu.witgl.mj}&jdlﬁdlﬂ\)ﬁ@fp\?éuﬁwdﬂlﬂ
s es i 3 oy il 5 S0 4 balaSin Jlasl s 4 (GlaoliSn (sauol gl b cJlesd) ke gdudlls L Sl ol o

sl OLES s 31 edls gla IS5 a5 ol 5 s e

b sl o SaaY s (Sl (oWl O Sl

Yo


mailto:Kavussia@modares.ac.ir
http://dx.doi.org/10.22034/24.1.25
https://mcej.modares.ac.ir/article-16-65586-en.html

[ Downloaded from mcej.modares.ac.ir on 2024-11-28 ]

[ DOI: 10.22034/24.1.25]

;;\)ijwwkiﬁﬂl

5 8 B VL gles sl 4 5L 8 Ll
03 e Sl 808 4 Sye SV
ol sl s VU slaaza s JIlnl glaalsls
[12, 13] el o Sz glacdlind s )8 51 g,8 5l
o A8 ladle 53 Bl sl Col OIS
3 5l 3l eslinal b SV os gy e g3ledlad 5 505l
ALSTy O5ads (bl e Ogmen alaslo
S Slse 5 alerd o AiS e g Bl (s S 2l
o b el Ol cpl s [14] K,8 13 ax sy
3800 o e slge Sl eslinal b SaVos s sl
51 eslized OKal & el ol antlis 33,0 L s ke
[15] sle e aalp S B, & L Sau¥osy
ole (SxVoss oS B sl sddsl b SaaVos g
Wip K S cud wlhus Sal 5 AMBS' Juss
Iyams 5 oS5 RIS b (B Oljods s )1~
Blol b aS ds o 0lis Slidss [16] 550 gusl 2
-t A3 V0 Sl i Olsee & edis T b S s 038
wdl 3gad oS 3 plaraniie 53 x5 LB s Ol8
3 e skdoslp SaaVosg Sl eslial e asils
oo pta LUK 8 iy s o M

T17] b o il il boglses Il glias 5 an
Al Glabone s Shas (ARRLST G S s
Teles 3 a5y 5 p s SxaVn g b edi Sl
SIS L Srlesl 51 eslial Lol S sl ey
o 23 JEAShS T 5100 sla il Lo () ss
SaVsy 5l eslid o Lol 0l @l 288 i3
SoVyn g sl labisbe boalie 3 sdisl b
Caslie Sos ey o3 [18] wadls e ml e
3OS S o s Sae¥iey ol gbabl
SAELE 5> Sas i) 4 edd 6513 S sy
S bl 5 L s bl S eslisl
oz 2oz 38 Sl a3 00 Gles 3 (g (LSS
oo S35 5l eslizad 45 Lsls OLES s b Sl

1. Activated Mineral Binder Stabilizer
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2. X-Ray Fluorescance Spectrome
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Fig. 2. The Stone Mastic Asphalt Gradation corresponding with
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Fig. 1. Grading Curve of the Dense graded mix, corresponding

Spec.No.234 with Spec.No.234
sl 3 oLl A gue

Test Method Value Standard
Penetration (100 g, 5s, 25° C) 65 ASTM D5
Specific gravity at 25° C (g/cm®) 1.016 ASTM D70
Softening point (° C) 50.8 ASTM D36
Ductility (25° C, 5 cm/min), cm +100 ASTM D113
Flash Point (° C) 306 ASTM D92

Table 1. Physical properties of the asphalt binder

sddolnl (Siw wlas XRE Lo s Y Jgr

Component L.O.I S04 Sr P,0; Na,0 K,0 MgO CaO Fe,0 Al,0; SiO,
Amount (%) 187 0.037 0.051 0.273 1984 273 3.25 1295 435 9.68 56.23
Table 2. XRF Testing Results of the selected Aggregates
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Mix denomination Mix type OBC (%) Addg:;/r?tg?e & Modification Process
DC Dense 54 - -
GC Stone Mastic Asphalt 6.1 - -
DR Dense 5.85 20% CRM Wet
GR Stone Mastic Asphalt 6.6 20% CRM Wet

DP20% Dense 5.6 20% PCR Dry
DP25% Dense 5.72 25% PCR Dry
DP30% Dense 5.8 30% PCR Dry
GP20% Stone Mastic Asphalt 6.2 20% PCR Dry
GP25% Stone Mastic Asphalt 6.3 25% PCR Dry
GP30% Stone Mastic Asphalt 6.5 30% PCR Dry

Table 3. The Optimum Bitumen Contents of the Various Asphalt Mixtures

bl b luie S & dgaer

Parameter Test Condition Marshall Stability (Kg) Void (%) Optimum
Mix Time 30s + 30s 949 6.3 30s + 60s
30s + 60s 1042 6

30s + 90s 1028 6.1
Overload Without 1042 6.1 2400 gr
1200 gr 1112 4.3
2400 gr 1197 4.15
Curing 30min-175°C 1235 4.7 60-145° C
45min-175°C 1219 4.1
60 min—145° C 1281 4.1
75min-145° C 1228 3.95
Compaction 75 1336 4.05 75
25/50 -115° C 1178 4.3
50/25-115° C 1341 3.85
35/40 -115° C 1097 4.3
40/35 — 115C 1132 4.1

Table 4. Mixing Design Optimization Results

WSl ol s s Sse Jelse 0 g

Stages Single Stage Double Stage Double Stage Double Stage Double Stage

Number of Blows 75 Blows on One  First Stage: 40

side Blows

First Stage: 35 First Stage: 50 First Stage: 25
Blows Blows Blows

Second Stage: 35  Second Stage: 40  Second Stage: 25  Second Stage: 50
Blows Blows Blows Blows

Compaction  First Stage: 135 First Stage: 135

First Stage: 135 First Stage: 135 First Stage: 135

temperature (°C)  Second Stage: 80, Second Stage: 80,  Second Stage: 80,  Second Stage: 80, Second Stage: 80,
90, 105, 115 90, 105, 115 90, 105, 115 90, 105, 115 90, 105, 115

Table 5. Effective factors in the correction of compaction conditions
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Abstract

Pavement distresses are the major concern in asphalt pavement industry. Permanent deformation is one of
the most common types of pavement distresses. This kind of distress which is caused by repeated traffic
loading at high temperatures appears mainly in upper layers of asphalt pavements in form of longitudinal
depressions in wheel paths and small changes on the sides of the wheel paths. This phenomena not only leads
to pavement structural failure, but it results in reduced service life of pavements and affects safety of road
users. Over the past decades, pavement researchers have taken different approaches to improve rheological
properties of bitumen and promote performance of asphalt mixtures. Application of additives such as Crumb
Rubber (CR) in asphalt layers is one of the most economic approaches that results also is reduced
environmental pollution. Crumb Rubber has been experienced in asphalt mixtures as an effective modifier
for several decades. Despite numerous advantages of the application of crumb rubber in asphalt mixtures,
there is still no extensive use of it in road pavements worldwide. This might be related to problems such as
increased production cost of Crumb Rubber Modified (CRM) mixes, early aging due to high temperature at
mixing and laying down faces and eventual coagulation of rubber particles in mixes, as well as phase
separation of the CRM modified binder. In order to overcome the above mentioned negative issue, one of the
latest methods of CRM modified mix Production is the application of Processed Crumb Rubber (PCR)
instead of the application of commonly methods of wet processing. This type of crumb rubber is a
combination of fine rubber powder, soft bitumen, minerals and hydrated lime, which are mixed in a short
time processing. Processed crumb rubber can easily be added to asphalt mixes in dry mode mixing and
improves performance of asphalt mixes. Lower Processed crumb rubber -Bitumen mixing time reduces
problems of coagulation of rubber particles and have several advantages. Due to the fact that the Processed
Crumb Rubber approach is relatively new, it is necessary to carry out comprehensive laboratory research
works in order to evaluate characteristics of bitumen and performance of asphalt mixtures. In this research,
rutting resistance of Crumb Rubber and Processed Crumb Rubber modified asphalt mixtures of a dense and a
gap graded mix was evaluated. With this regard, Marshall Mix Design was modified in order to use the
Processed Crumb Rubber in dry method. Hamburg Wheel-Track and repeated axial load tests were carried
out to investigate rutting resistance of the modified mixes. Hamburg Wheel-Track test was performed in dry
and saturated conditions and repeated axial load was assessed under stresses of 150 kPa and 300 kPa. The
results were compared on samples containing conventional bitumen and wet processed crumb rubber.
Although, the results showed that using both crumb rubber additives increased resistance of mixes against
rutting, samples contains 25% Processed Crumb Rubber showed the highest resistance against permanent
deformation. Moreover, application of Processed Crumb Rubber in stone mastic asphalt mixes showed
superior performance against permanent deformation due to better stone to stone contact and higher amounts
of Processed Crumb Rubber bitumen in mixes.

Key words: Rutting resistance, Process Crumb Rubber (PCR), Crumb rubber modified bitumen, Wet
processed
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