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' Deterioration

* Fatigue cracking
" Thermal cracking
* Rutting

° Moisture damage
* Micro-cracks
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' Preventive

' Corrective

" Total reconstruction
¥ Chip seal

® Fog seal

” Micro-surfacing

¥ Self-healing
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' Macro-cracks

¥ Permanent deformations
" Penetration

¥ Modifiers

® Rest periods

" Induction heating
¥ Microwave heating
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' Steel Slag

" Red mud waste
" Bauxite

¥ Alumina(Al>O3)
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' Carbonation mud waste or Carbonation cake
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' Healing capability
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" Intrinsic response
" Wetting
" Randomizatoin
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' Stiffness
" Mobility potential
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' amphoteric

" aromatic

" Surface free energy

* Lifshitz - Van der Waals components
° Lewis acid - base component

" Aging
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' Toluene diisocyanate polyurethane polymer
" bitumen bond strength (BBS)

" Stubs

* Pull-off tensile strength (POTS)
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Mix type Healing time Healing (% )HI
(hr) temperature (°C) (ave)
B 6 hr 25 16.56
PUMB-3 17.70
PUMB-6 20.12
PUMB-9 30.97
B 35 24 18
PUMB-3 28.11
PUMB-6 2998
PUMB-9 36.31
B 45 37.55
PUMB-3 4835
PUMB-6 60.64
PUMB-9 73.71
B 24 hr 25 33.09
PUMB-3 37.04
PUMB-6 46.75
PUMB-9 5479
B 35 34 46
PUMB-3 40.56
PUMB-6 49 86
PUMB-9 56.30
B 45 44 .43
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' nano-silica
" styrene-butadiene-styrene(SBS)
" Healing Index

" Indirect Tensile Tests (IDT)
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' Steel Fiber
¥ Semi-cylindrical specimen
" Three-Point Bending (TPB)
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Components Percentage Components Percentage

SiO; 46.6 Naz0 1.01

AlLO, 12.4 K,0 2.28

Fe,03 9.74 S0O; 5.52
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MgO 7.23

e ST S 5 Le e lade .cwl sad Gl T Sal K (ipgh cpl j0 (S pllas g9

5o bgle yo g Sal Ld e onl plad JuS byle ,0 a5 o395 a8 VY o Ko s

' Fly ash
¥ Lime stone

Ya



(o olwd awgr Sl 5l o JLile ol lgiw! la diges .ol 0uls (301> (gob S
50 (V0-Y JS8) was Jous (gl adais dw s ooyl plosl jelate du (gl algin] des diges ¥ o
Ko VFO- (il 35 Dlg A e ol b (aBwd 2995 Lo (ale S (903 pal 3 jslaie 0 gy 0
oS 00 v ol ST b alliws lawg ol ahii 4w e Liolej] .l oo 48,5 IS 50
sl ploj .28 )5 bl o 57 (il az )0 - VA (glos )0 g alBs p ands 10 (5,105 ,L Z 5 9 (e
b diged dod (Jiolo S 5 el ool QL a gl VY g Ve e Ae Fe Fe g9 S e, S
W) 00)51 \#-Y Ji..a 90 ey JS;.»A J.olf -).A.:T).‘B S5 M; )‘).9 u.>‘).~u.:‘ L TS ! Oos
wle o cole jo .88 8 Ldod 090 o8 e i Gliee 3 S5 20 bl gl cnl yo el
59,5 Lo Zlyel C3la osle Ky oS &5 ,hd lsie 4y ol S ) ooliul AT Wag, Az oyl
e pSee Ve = e e b Gl S5 e bl WY SE Jlages Gillae oSl ooy

Ival ojls 51y danT slo aiges

60 mm

100 mm 100 mm

Lwg Hbes Slasl b g1 ailgins! Ao igni F s (51 dilgins! digod Jyood 31 oalod 1O-Y S

[va] b aiges



(S (=) L

)
i 40 s
& = o
= 80s
)l 100s
D d : 120 s
M A, Microwave heating
|
8 3PB
-18 °C ‘ Test *
1 day
g
Healed specimen Closing crack
in heated specimen
(Y] clawT (ol ailgsmw! dous digus muo 5 o 58 51 (o2les 19— S
Group
B0 00— Mame
' Bl Control
BFiy Ash
50 00—
E— 40 00—
ar
=
ar
i
=
£ 30,00
[ 3
ar
—
20,00
10,00

Light Minor Moderate Major Severe
(<100w) (100p~200p) (200p~300u) (B00p~400p)  (=400u)

Initial Damage Lewvels

[YR] (5l yiuuS 5 (SaT 1L £ 93 3 18 syt 535 (3% o 2 a0 &35 10903 WY S

Y




S5 Jab F-V-Y
3o p e 5 oo ¢ laiw £33 (ol Glime layer s gy 4 (YY) S0 5 J

o8 oyl WlaSiw g9 b wyp lp b o Wl el il sle byle cons 509>
Sol (S wllas Sl b ailaSin J5 10 00,0 F 5V ) o oz lo cons L], g5l
LYl 5k sl T pgm 29y 3l g 0092 V- Fe S5k az 0 b (gl (nl po (Brae il ooyl
a5 o0 ools iy ol (ol gl sl aiges el o0 onliiul (gl ailgiul clo digas o515 5
VASY S8 Gillae oo 3093 (liee (o) S 4 il aiS Joas ol ailginl aas sla aiged
O ile ax,0 V0 sles yo aiBs ek O (5,005 L Ceys b gl alali ds e ol
03503 (el Moy e S5 Jsb Do ]y gl (42 )0) (liee iz ol 438 5 ploxl
S )0 el ool (G0 el Qo0 Ve g B (Ve Jlaae Vg S5 Job (guin a0l jo aS ol
0393 ¢ g8 il g9 5l andllae pl jo SRl Giole )T 0gued 00,5 oo odalive ] Wl VA=Y
oo ooliiul alaime S5 45 jer8 eole cae¥ Bl il oyl sl gl Yoo¥ S Gllas ol
o o (il A T,8 ol IS e (8Tl iz (sloyS BT 5 &) 9,5 5 alaiona
o Cuaglin (el Sy 5l ug laiisn 53l A e |y e Tyl e5199 o lgel g,
a0V g7 e e lalos oo oy 5 Led lien il o)l gz 4 ol o diges 4
Ao s a2 alej] Ll a8 5 5 4iBa ¥ 5 Yo ) e nd sl lej 55 ol
4207 by ey Olej g Les (e a5 wb addne b diged (sled e £ delne 9 ]

Sade ol )5 sl ax o0 £ 5l 5YL GLQLQO)QASJJOJ.}&LQO] ol 00y 4880 ¥ g ol 5 le

"iron slag
¥ Superpave Method
" Infrared radiation

Yy



Sowols halS g 8 (St Gl cage (Sudi 1n) wliee (Rl (Sadsn s 4 e
0o, OUYY oy jlade Lo 0 Ve S5 Job a5 0l adeinn (pizmed 00,5 0 o SS9 olg,
0 )by 30,0 ¥ (ol el diges Byb 5l el ool (plaisl 0g3 4|y ewe g3 & oy 5V
Jole cp 5 188,50 8L 6l o Coles jo .l ools ylid 095 ) cawe 055 0 Slos 3 yigo
o ,5 ooﬁ;wlsi;wd)uT Joe 5l egasiod ol jo dallas 0590 ol)b ¥ g 5l cone 5095
olea b ol g |, ),.,L i 7ol ol b sl sals 00,9] YN-Y S o ] s oS
Oles 5 S ol oyl 5l ooliil (l5ae core i lod o s T 5l mp g Sl aiils S5 oo

I¥eT sl osgs 38 31 e

[¥e] 81,5 5lw a3 5010 slod 50 (ol alas dw os o loT VA=Y JSCo

Y



[¥e] S35 Jogb duoyo (wlul 1 (gl ailgsm! dows (glo a3 gos Susas 14-Y JSCi

[¥e] 30,8 90l uol F ol jod 4y &y 9,8 i lo y5 alidimo YooY S

AR



Damage degree 0.725 =
Healing time 0.607 —
Temperature 0.682 =
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Healing rate ( %)
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Steel fiber modified asphalt mixture Steel slag asphalt mixture

Max = 160.0 Max = 1313

Avg = 104 6 Avg = {2"5

Min=17.7 Min - 156
122.8 219
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' Electric Arc Furnace (EAF)
" Basic Oxygen Furnace (BOF)
" Open Hearth Furnace (OHF)
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' Rough surface texture
" Angularity

" Stiffness

* Abrasion resistance
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' Water jets
" Thermal conductivity
"Thermal diffusivity
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' Marshall Stability
" Void Mineral Aggregate (VMA)
" Flow value
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' Superpave method
" Hamburg Wheel Track (HWT)
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' Four-Point Bending Test
" Indirect Tension Fatigue Test (ITFT)
" Indirect Tension Test (IDT)
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' Retained Marshall Stability (RMS)
" Tensile Strength Ratio (TSR)
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' Resilient Modulus Ratio (RMR)
" Boiling water test

" FractureEnergyRatio(FER)

* Modified Lottman test
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' Morphology
" Rheologicaly
" Rotational Viscosity (RV)

FA



G LT (G855 (o a8 b L e 5 gty Gialejl gl il il | jeSis
O Sy Glaleil 5o |y 4z (e b o ppaizmed sl Bl (l38 08 S o jlaie
el 03,5 oy 20l SIN(E°)° 5 21531 TG 50,8 U5 Jlaie 2al3l b ez s 5 7 Sealiys
aaly> Vb (Fad)ld Cuglie a3 S shils belue o5 S g o0 amt raod 4 425 L
S N> s’m..\.w ST YL jlade plls Jdo 4y 508 5 og ol aS W0y o o ol el
I9¥] wsses olo polie cpye 1y doy Voo g VO b T ols wls il5dl 1) asla&iw § 8 oy

ez 35 Klg5 Sliaagdl G5 jo 1) T 5 )5] oz alo o b 508 S lego s aig, YA-Y IS

[$¥] 30,8 U5 3093 () 30,8 U5 catslil oo (V) cjo 8 J5 olégo audsi (1) YA-Y Ui

Sloskd sl 4 (L3Rl lyie 4 5e 8 JF OLE pm)p jolite 4 (Y A) Gl lSen 5 Sl
il o b )T ais,S ool aoys Ve v 5 VO e YO o polis 5 law] glo byl ;5 Sose
Dyal el ools (2als 1) 355 a0 Lol il 3l 1) 18 sy alai G 503 5 oS
Fezed IS gl il sl byl atls S8 i (b)) sokie 2 (Y VF) 5026 5 Laod
S 4 bgyo oo (Bras 103 J5 508 oslitul a3 V i a4 508 S5 9 S 09 sl )L

Gl Bes aS ol ylis (Blo Sslogn slo 7> uf.u"l.a)'] s ol 0395 o3y fawjﬂ adgs

' Bending Beam Rheometry (BBR)
" Creep Stiffness (S)

" Dynamic Shear Rheometry (DSR)
* complex shear module

° phase angle
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' Hydrated Lime (HL)

" Scan Electron Microscopy (SEM)

" X-ray fluorescence spectroscopy (XRF)
* Bonding strength
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' Press Mud Cake or Carbonation Cake
* Ca(OH),
" CaCoOs
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Moisture Entrapped
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Abstract

Reduction of non-renewable natural resources such as rock materials and pollution
caused by the accumulation of waste materials in nature are the most important reasons
for using recycled materials in the construction of green asphalt mixtures. On the other
hand, the self-healing phenomenon is one of the significant features of asphalt mixtures
that reduces the economic costs of healing and maintenance and the environmental costs
of asphalt reproduction. In this research, in order to construction environmentally friendly
green asphalt mixtures, particle size of steel slag were ranged from 4.75-9.5 mm with a
60% replacement in a volume ratio of limestone aggregate and the proportions of the red
mud waste has been used respectively 50% and 100% by a ratio of limestone filler and
the self-healing index and moisture sensitivity of these mixtures have been evaluated. In
order to investigate the self-healing index, the semi-circular bending test (SCB) was
performed by 7 damage-healing cycles using the microwave irradiation heating method.
Results indicated that the steel slag and 50% red mud waste in the first healing cycle, the
amount of optimum healing rate compared to the control sample, respectively; 53.01%
and 32.35% have increased. Also, due to the importance of moisture damage, indirect
tensile strength (ITS) test according to AASHTO T283 was performed on cylindrical
specimens and the results showed that the amount of moisture resistance in mixtures
containing steel slag and 50% red mud decreased by 16% and 21%, respectively,
compared to the control sample. The use of 50% and 100% carbonation cake as a
replacement for limestone filler in mixtures containing steel slag has increased the
moisture resistance by 9% and 13%, respectively. Also, this weakness of resistance in the
sample containing 50% of red mud was compensated by using 50% of carbonation cake
and moisture resistance was increased by 12%. by examining the results of Marshall
Quotient (MQ), it was found that steel slag, 50% red mud and 50% carbonation cake

increased the stiffness of asphalt mixture compared to the control sample by 1.4, 1.51and
KN .
0.05 (E)’ respectively.

Keywords: Self-healing, Microwave, Steel slag, Red mud, Carbonation cake,

Moisture sensitivity
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