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Abstract:

This study aims to improve the performance of asphalt binder used in highways by modifying it
with recycled crumb rubber as a performance—enhancing additive. To achieve this objective, the
physical, mechanical, and rheological properties of the asphalt binder were evaluated after incor—
porating three crumb rubber contents (3%, 6%, and 9%) by weight into the base asphalt binder.

A comprehensive series of laboratory tests was conducted in accordance with ASTM and AAS-
HTO standards to evaluate the fundamental and performance-related properties of the asphalt
binder. The testing program included the softening point test, flash and fire point tests, penetration
test, ductility test, Multiple Stress Creep Recovery (MSCR) test, and rotational viscosity test.

The results demonstrated a significant improvement in the performance of the asphalt binder. The
incorporation of recycled crumb rubber enhanced thermal stability and resistance to permanent
deformation, as evidenced by the progressive increase in softening point, flash point, and fire
point values, together with improved creep and recovery characteristics obtained from the MSCR
test. In addition, the modified binder exhibited increased stiffness, accompanied by reductions
in penetration and ductility values, indicating enhanced resistance to deformation under various
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service conditions. These improvements in rheological properties increased the binder’s Perfor-
mance Grade (PG) from PG 64-10 for the conventional binder to PG 76-10 at a crumb rubber
content of 9% .The findings indicate that the 9% crumb rubber content achieved the optimum

performance among the investigated proportions, making it a suitable option for improving asphalt
binder properties in highway applications, particularly in hot-climate regions. Moreover, the study
confirms that the use of recycled crumb rubber represents a promising engineering and environ—
mentally sustainable solution by enhancing asphalt pavement performance while promoting tire
waste recycling and reducing the environmental impact of road construction.

Keywords: Recycled Crumb Rubber, Asphalt Binder Modification, Rheological Properties, Multi—
ple Stress Creep Recovery (MSCR), Performance Grade (PG), Environmental Sustainability.
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H(GREL daglie) Ladiiall Blal) cilass sis LISl (algal)

Aalal) A3 ye e Ladlay albaall b cdaiipal) 5hall cilapy die dai)l) salal) ADa 531 (e a1l e
LS g aaailly o )l ranss ddallas dpald Tl e b Ao padgn 5aLaS hany G 6331 o)l 3
¢~ (Thermal Cracking) (g)lall aiall daglaa (e ons WS o (ghal) (LS die 5ol yail] (g0
gl seh Adlaa) e Qi Lae ¢(Critical Cracking Temperature) ds all ¢ vaill 453 (=id A
O Bl 858 (russg ((Cohesion) ddalall Aalall ellall 858 Jallaall 3ay SIS 4 jally 405kl
dats Al Jlati) (e iy (53 Y «(Stripping) xjaill daglia (e 29 ((Adhesion) Ay (paagil)
D9 e ohall aliailly 50O Jacadl Ao glies Jalaalls Jaeal) Craasiad) ety cclly ) Ailia) . Agha)llg Ll
el Aiball CallSs (mding cChiasll axdll yand) dudass ((AING) A3l SUT e an Las ¢l
sdild) byl

(Crumb Rubber — CR) o555 alaall Jaldaall (3 gacsa aladial Lugunbilly dnalall caluhal) (e daal) sl
Ll nslon g ASilSaally Al Jailadll 3 Lias Lgadlis capelily ¢ lan) T ll dlaas Bala ddeass
rlaball 038 55 (e o Lady cAayad) L) 8 Ca )l ool (et 8 ages Loy ¢ sl
1090 Alzal) Jallaal) (8 gausa aladic) ‘"A sadl ) byl -1

alaai Y Aleal) ikl gl (e bl @yl ol QA6 8 LS05aY) Lig il AV duyad aad
Cicay o Jlnally Al Aitind RIS creasdiod G ¢ o) Ciall (6 o35 sbaddl Blad) Gsmcsa
S Al g Lle gapde e SV claadall sda elal Lol dauliall cayglal a8y L e A & )lsd
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lahyall cayelily Ly dald A claalga <yshag ((Rubberized Asphalt Concrete — RAC) ddallll
el Ll 3 3l 3 (50%-35) Lty w31 sgll il 8 Cragadd cillalal) 23a ¢
1A i) cilul) -2

Lllaall Boaase o (Sl Jeliil) Julas 25 ¢(1996) ale Kenne Pohl s Zanotto el duly b
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B el s Le gag (il slall Jals ala) 450 ASes 015555 (300%) () dasd Ay Lgass )
* i) Tl g pailas
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Ll ) ) b L;m\ liun’ aSay Lea AASTM D6184 i Uiy cJasnall cpasind)

rdailaal) alufyal) =3
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Blall §)90 CallSs (mdh & agaw 03153 dlaall Lllaall (3gmna plasial ¢ ) ber: State of the Practice
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Lllly Dbl Gsmasas Jamall Silen) L)l ool o (2015) 09aTs Al-Qadi ()8 casiga (e
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cOasind) ae Hdbe SbeS deld (g0 Aalal) cluld Greas 8 aaled Al dseS Joas
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Bl dapd 50 il ales i) e @lales pa Jpand HUa) 1lgaladia a3 A Clazally 54281 o
Clls csae libud) QlaaSY Gl Lad¥) pha days vie Hloa¥l die o Lailay Lgle Sl
Alplaag aldail) A8y e 3l yalicg o lad¥) Glie
(Softening Point Test): jaginll (pali dai jLad) (3)
dag )l il dgd ST il (mgung Baaae Hlgead) Jali o0y Lipeg Aail Bole e BHlic 58 Guesiull @
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Al ¢ B (e ae 120 e JB Y Geey ae 85 pe Ji ¥ Ash Hlab 4ni s Sa ala) el cdalall
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Bpalaie e Bale 8 JlaiiD ALy pllail) 50l Sga dsag Jlaind ) Granesl) ddais i o oS4 LS
T Jit AL e

Al 6= e 2 Bl aliie Bl el zstital) DS Slea tlgalaiing o ) Clanally 5gaY) e
ke 3.2 daby (gl 3adal jaiasy cAosic Aoy 400

((RTFO sl a2 08 JLodl) i) Jaly (e data alid o slsglly Blall 86 JLad) (5)

1ty Agie dayd 150 8y dayn aie CALL) Llall ol uagill (ailad 4 ooj@ill sl dajea o
Aali) LR ) e il il olall Cysasiadl mped Ao AKSH 3 il ok
Al e

ol cdaald Loala duc ) copdond 03 )lsal) LnsieY) JLasY] ()38 1 lgaladind a3 ) Claaally 542y @
(saS) sln Tz Limg ol 0.001 43 i 5 (e ¢ iann LatSa eilinl) ilala a0yl

:(PAV TEST) hially aslill) ele gy clda) dad)y (aiai! dalidl) dowjlaal) (6)

dexd L) i) dadly ) (8 Caaay (630 dendl) ol (ool Gl sSlaal HLaAY) 03a anedlaT @
o) Jalg yl AilaasSl) ol A3L5l) (ailiadd) il sda CaaSill dujlas o Wad) alasia) (e oCia)l
Lkl 8 deaal) ol giell e g sae da

il 3 oS85 Byanly «oodly chin sloy (e (5 line oL lgaliiial a3 3 clanally 5gaY) o
Aoyl ) Jasally Shall A Jand aUasg (phall dayag Jasall Gl Bgals phall A b oSa3 Beals
(asrine sloa Dilgland —Cinian (8 — g AN iz — il

{(DSR) (Sualisal) () jlga alidialy i) bl (MSCR) aaaiall slgay) salaiuly chajll Lid) (7)

e el lana)  ually Al salall 8 A5l Alanil) agag taail oda LEAY) diph skl e
5ale daslie Ao Bdige ad alaiedld LAl joe casill JUial o i 28] L algal) e cilife (ugiase
e Tyl o131 Ay dyaat & HLaSY) 13 ae Ly oSl Qantl) caad 2301 sgill e dagll
(AASHTO M332 Jailly dayud) (3ylall  Jgsenal L5aY) adasyll) 612V Ay oy 0990

Caalatl] ga ¢ sSlll QI ((DSR) Sualisdll il (ol Slea tlgaladind a3 ) canally 542Y) o
e 25 5l kB sls cO5ials i) e ludally (8 sl Cralially AaY] Jads

:(Ductility Test) pagindl salal saaill 4@ jLai) (8)

L) cliadall aagliag atigpe (aSay Lae L) U8 2aall e caagind) 5508 aoatl HLad¥l ity o
Ahall ahusl) o JlaY) e

25 Hha iy Sl ples cdual) J<& Qg ddshaad) Sles tlgalidia a% Y Cliaally 54aY) e
g debug cdagie dao

:(Penetration Test) jall jLii) (9)

gl ST elala ) 31 e aill udn . clulall QubieS G1aY) Jlaal axdie e

sles o Sl alan caha 50 Lgiys GHiaY) opl (3LaY) Clane tlgaladind ot ) cliaally §ga¥) o
(b leay «lnal)
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:(Rotational Viscosity Test) i), sal) dag3lh ,Lud)(10)
claally Llall s dajo (8 o] dag3l il e
A3 5S) fisas Bl Aaps b oS Slen ¢ sl Aag 3l Slea :lgaladial 3 T chanally Sgad) o
feilil) AsBliag Jalal)

Adlials aiient aay leY) Il clie el Al dlenad) chLadY) i Julas dudall gl
aas3 Caagy ellag bl (3s (50 9% 5 6% 5 3% sy ddline iy (Mesh 30) Lulie 0y093 slaal) alladl)
Perfor—) ailal ds)s saaty casl AalSually Aibidl) paibadl) Gu (3l Juadl (3aa5 Al ) duil
oAbl Lnse dayud) @yl 8 Jaadal) (agylal uuliall (Mance Grade
Alanal) LAY gl
:(Softening Point Test) (pagin) Gl ddaii jLid) il

Opagill Gl dlai HLad) @il 1(1) Jga

Addition Result Softening Point (C°)
Average
(CRM) Ball No. 1 Ball No.2
0% 47.1 46.8 46.95
3% 50.9 51.3 51.1
6% 56.2 56.8 56.5
9% 61.1 60.6 60.9

:(Flash and Fire Point) Juii¥ly el Abdi jLad) gili
Gan Jliay) ddads (C° 230 e o) 0588 o o gl ddaii ASSHTO M332 dialsall coa
ol sl Aoball ald ) 4asS C° 250 o (o) 05 o

iy Gasesll ki JLEd) il (2) Jsia

(Addition (CRM) Flash Point C° Fire Point C°
0% 304 338
3% 318 345
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6% 335 373
9% 358 397
:(Specific Gravity) =gl sl Laaiy Al jLad) il
S gl paady ABUSY Lo il o(3) Jea
Addition Specific
A B C D _
(CRM) Gravity
0% 43.826 72.390 64.708 72.012 0.979
3% 43.826 72.390 66.754 73.955 1.064
6% 43.826 72.390 68.588 75.905 1.162
9% 43.826 72.390 70.663 77.812 1.249
(C-A)
®-a)-(0-c) Density at water Kg/L 25 C°
Relative Density =
Where:

A = mass of pycnometer (plus stopper).

B = mass of pycnometer filled with water.

C = mass of pycnometer (plus stopper) partially filled with asphalt.

D = mass of pycnometer plus asphalt plus water.

:(Penetration Test) jall jLid) zils
AN L) il o (4) Jsas

1st 2nd rd
Addition 3

CRM Penetration | Penetration Val— Penetration Average
( ) Value, mm ue, mm Value, mm

0% 6.20 6.18 6.27 6.21

_ (Volume 10 - Issue 23 — August 2026 ]



O A9l 01 A IS AaSRL) gl At p\

IG / The Scientific Journal of the International Arab Academy } .

il il

A Lens 1UU Membership Certificate No.: 1102202600217 - Arab Impact Factor Certificate No.: 287 —_— “'/

Arab Impact Factor ISSN (ONLINE): 1858 - 8441 - ISSN (PRINT): 1858 - 845X __ —
3% 5.77 5.83 5.30 5.63
6% 5.46 5.48 5.23 5.39
9% 5.16 5.13 4.95 5.08

:(Ductility Test) (uaginl) salal aaail) 4@ JLad) milis

(Adshaall) Cragid) Balal dacill HLEA) milii (5) Joas

Addition (CRM) Ductility Length, cm
0% 91.5
3% 77.1
6% 63.1
9% 49.3

:(MSCRY) saial) slgay) Balaialy ciajl) JLas) milis

(MSCR) aaxial) slgay) Salaiudy cisjll JLas) @ilii :(6) Jgoa

Non-recoverable | Non-recoverable | Testing Temperature | Addition
Test Result
creep (J-nr 3.2) | creep (J-nr 0.1) °C (CRM)
64S-10 2.61846 2.65413 64 0%
64H-10 1.84358 1.49593 64 3%
70S-10 2.42641 2.24899 70 6%
9%
76S-10 2.14026 2.15346 76
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(J-nr (3.2 adlal) ogdal) ciliualsa :(7) Jg

Type of Grade

Specification for non—-recoverable creep
compliance at ().1 kPa (J-nr 3.2)

J-nr (3.2) >4.5 >2

J-nr (3.2) >2 >1

J-nr (3.2) >1.0 >0.5

m|< |IT |»

J-nr (3.2) >0.5 >0.0

(Rotational Viscosity Test) ) sall daglll jLad) gl
bl dag ) Ui il g 1(8) Jea

Rotational Vis— | Rotational Vis— _ o
o cosity cosity Compaction | Mixing Tem-
Temperature perature
@ Temp,135 | @ Temp,165
0% 0.528 0.150 148-153 159-165
3% 0.530 0.161 154-159 165-170
6% 1.050 0.270 162-167 172-178
9% 1.288 0.320 166—-170 175-181

:Adlially Jalatl

Laghal a3 ) Alenall cHLasY! (e Lgale (laniall il Jalaty Addlia oty Gandl (e gjall 2a 8

kil &3)liag (Mesh 30) (ke oyssx slaall Jallaal) (e Aabide Cres ddlial aay sadill el L)l e
«(AASHTO M332) Lawalsall & Lgias a3 A clsladl 35 alew) Jaslll eloY) days apans e 2y
Al e Talaiel elaY) dayn auaas A

Aalsy Baaaall el daal Gy B graal) Lupel) ASLaall 4 jhal) adaylal) ol saaieal) Lpcaliyll Z3lall .1
PG-HH D-LL oL da,kll oda

Cua

-

L lauY) bl el ds 0 = PG
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coaaail) ojee DA Allgie sl dnsad Coa )l daBgia B))a da )y el Jawgia = HH
wdaﬂ\ 0 yac cl.f.’j wa)ﬂ 2\.13‘910 Ejb; 2\;)3 ‘;mi = LL

(H. V, E
29l dsjug aaa Ao Bl o)) e jLas) (5) Jssa
Traffic | Designa— | ESAL, »
. Condition Speed, Km/h
Class tion Repetition
< 10 mil-
Standard S . And 70 km/h <
lion
: 10 to 30
High H - Or 20 to 70 km/h
million
Very High Vv 30 million < Or < 20 km/h
Extreme E 30 million < And < 20 km/h

:(Softening Point Test) (uaginll ¢l ddadi Lad)
5oLy Ul cuilS ¢ alil) Tyl algd (il 9% 5 6% 5 3% iy 0)505 alaal) Jaldaall L) 2ic
Aadipal) Bhall il die 3al Aaglie LT dldany Laa ¢uaginll uls Adady 8 Ly

Softening Point vs Addition Percentage

8 o
< -
el &0
=
‘a 50
o -
- 40
£ 30
c
[ 20
£ ]
a 10
LT
oL T
0%
Addition %4

Ailadd) salally Cppegiadl oyl A G A (1) J<a
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Lllal) yhal) clayy cld laliall 8 dayuadl Bydall ) (5% 38 9% Aty Lallaally Janal) (jaegind)
(Rutting) 4)hall clagdall i e G (bl A Jia

:(Flash and Fire Point) Jlid¥ly (asmsl) badi jlis)

LAl B 8 a0 et i LS Asida 5ab) sl Jallaall (e 3% daws dilal vic
Oaasiall pailad Gpead Ao o lae JWid¥ly (anasl) ik 8 3dasale 533l 6% dows ALl 2ic
Jiad AL 5,a ) ac b Hali,
Bha A ) pmyei Lavie gailly alasiadl el ST ) Caagind) zaal 9% daws ddlial 2ic
el ol adle

Flash and Fire Point vs Addition Percentage

P
Lt

338 345 373 357
3 318 335 358
300
200
100
B -
o T
LT
% 4

Addition

Temperature

mFEsh PoirtC mFrePontCE

ALl salally Jnilly (sl ik oy A8 (2) JSa

:(Specific Gravity) sl 035 sy 43Ul Las)

Clyad sl dilial ticg (1.02 = 0.970) ool Gl Gpaia aiy cililia) (51 (yoas Cpaasinll A i) A8BSY)
(1:20 = 0.970) sl Gl (35S (sl paa il

A<l ) Las ¢ aginll Adgoias Jals Ludalaall coliiall o Ladi) e Loy Z8ESI Candy Lalaall 5205
RERRY

eSS ool B aa s Le ¢(godl I il s€all Lol Aalalall Al cild (8 8al) Gasay 23S ¢ L))
S

SLals A0S e Canity) 9% Aast Ailial wie el Lo sill ZEUKH bl GUail (parn 2 sl gaen
b Blaal (e 852 G Adlal vie doe gil) ASBSH A5 55y o 11d50 130 05S 285 ((1.249)
e gl
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Specific Gravity vs Addition Percentage

14

12 0.979 o a
- 1
£ 0.8
[
[T 0.6
= 0.4
[¥]
g 0.2
[T ] .

B «
m Specific Gravity Addition %

ailaal) Balally G dae i) (3B (3) S

:(Penetration Test) &I ylis
e iy 38 43S el Jlaa) Jaatl duda 1385 A0 ST ol cppesiall of a3l dad ulids) e

LAaadial) bbaj\ LL\L_AJJ e Ja.\\)l\ dig e
Al el gyl 8 &g sally Al Wls i3 (9%—6) Adid) Ll @

aliaall aldlly el HLas) o Al s (4) USE
:(Ductility Test) (jaaginll salal aaail) 4l jLaa)
hlball 30l (0 3% d8lia) e @

il Sl ety dag I 5L s (15%-20%) (Nlss ddshaaal) & Jagale (alias) elllia
g yall G QIS ok Bading B Y Gaegind) c@ldd aas L (aginll
rhladl 8ale (10 6% ddla) 2ic @

Alaay Lo cddUainl J.EB A la ).35‘ c..uai U-.-.‘*“}:‘:‘-‘S‘ (25%—350/0) Oy ;L;}«a‘g JZ\ST c_\.‘ai aledsy)
Byl Clagdall Liaye JAl

c_u; ‘4_1)\.445\ odb)l 4;.\.\.1 (450/0 55%) 4.\3)}4443\ @ )_us ual.m\ L sala ) 90/0 Mba\ e

b.\.\SJJ.A.J“L\Sau\}b BN )"534"15_)‘“ dﬂ\ c.\m\ u.m).\.\.\“ u\ ‘J.@A ‘a_umﬂcujlu ).\S\ L)"‘“}"""M

Al LASHal Lladl clalga) palaaial (Ao a5y u}f O era a5y o R o d_‘a
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Ductility vs Addition Percentage
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m Ductility Length, cm Addition nfn

W Penetr aion Valug, mm Addition %
daladl

alally ddghaadl) i)y 3B (5) J<a

:(MSCR) aasiall algay) salaiuly caajll Lol
Laglie (Ao (raagindl 538 s Jalladll 5005 (PGOAH-10 ) &) Caieas i) 3% ddla) 2ic o

D9 Aeyus ASie sale 30 (I 10 e ST lSHe Jlaal ralis Laa 68 Saall Jlaa) i pdlall ol
ey asin slalial daspadl (3ylall ao Crlin dleny Lao A gic Biha cilayag dde Lll/alS 70 e J
@l byl dalaie 8 dayud) Bylall mliay W aiSly cdlaisgiall B)hall Gilalyn Gl Lagaad) 4 jall ASLadl)
Aad yall 5y)yal)

daglie Ao (rregind) 508 v Talhall 5355 (PG70S-10 A ) Caias i) 6% ddlal 2ic
Gl diae 8 deyadl Gyl ae ahadiedl Cralic dleny Laa iyl Hlall Cila o vie 2301 ogill
alatind (e Yy delad)/al< 70 () 20 (o daracal Aoy 250 (sale 10 (e Ji1 li€ie Jlaal il
deyu Aoy i3 o AS5e (oule 10 e 25 A Ay sall Jlaa) @ld Gyl yhall e doll o3
AL/ 70 (e J3) Lpssaias

O J3 Dl Jlaal anliy Lae (PG 765-10 ) ¢ Caial pui)) Jaldaall (10 9% Fass ddlial 2ic
ogtall ST daslia el Laa J3s daine Blhs iy AeLall/alS 70 o ST g e deyuss cOule 10
.(Fatigue Cracking) «ladalls (Rutting) ailal)

:(Rotational Viscosity Test) i), sall dag3ll) jLad)
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25 83030 s3a L aBsall M Cla) Jseag vie el Juain Blya dagag cclin) gzl Gllasa b
AASHTO M332)) doalsall Ly 7 sansall 3538} yan
Lagead) Jaill 5ylyg cilbalge (ati Erm (i) Blya dapn Ao Ahlall Adilag o blad) 1) @
Ll Jane Las + i€ 150 (e g el gigas i) 7 Uil Adane adge G dilesall 05 Y oL c3yhall
Al Aladn 35Uy 5aga Adlea] Glalal) 2 LY dsthall jaleall 3isy Jllaall (sl

Rotational Viscosity vs Addition Percentage

200 181
178 175
162167172 165 170

180 150 163

160
140
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100

Temperature

B+ BT %1 B i

Addition %

m Low Compaction Temp  mMax Compaction Temp = Low Mixing Temp Max Mixing Temp

ALl sallly sl dag 3l SLadl o AL (6) J<a

rduadAl)
oailad (st 8 (Mesh 30) o5 sladdl Jaldaal) (3saise aladil Ll add ) duhall oda hdoa
Ays et EDIE ALl SluY) Ja )l Joaes DA (e g cdlasyudd) ylall 6 il Alan) Ll o1y
Llanall LAY (e e sanad Aaaall cilisall ¢ Liad) o5 (9% 6% <3%) oy2535 dlaall Laldadl) (35 (1o
(AASHTO s ASTM) diwliall il sall i

cJanall ) Ll G glsn g AilSaally il (atbiad) & Uagale lioas Buyl) il i
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