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Fundamental Properties of Asphalt Concrete Mixture as Using TDF
Fly Ash as Mineral Filler

ABSTRACT

TDF (Tire derived fuel) Fly ash is an industrial by-product when scraped tire was used a fuel source at the power plant. TDF Fly ash
has been classified as domestic waste at the workplace so far and has not been appropriately utilized. We conducted a fundamental
physical property test of asphalt mixture to investigate the possibility of using TDF Fly ash as a mineral filler of asphalt mixture for
exploring new usage strategies. TDF Fly ash meets KS F 3501 asphalt mixture mineral filler criteria. And the optimal asphalt binder
amount was determined to be 4.5% by Marshall design. Mineral filler content was determined at 3% and analyzed by comparing using
mineral filler as stone powder. The basic physical property test of the asphalt mixture was evaluated to the provision indicated in
“Production and Construction Guidelines for Asphalt Mixture” published by the Ministry of Land, Infrastructure and Transport. In
the test, Marshall stability test, dynamic immersion test, tensile strength ratio test, wheel tracking test were carried out. As a result of
the experiment, Marshall stability and dynamic stability satisfied the standards, and confirmed the stability and Dynamic immersion
and tensile strength ratio test that TDF Fly ash is more effective for scaling and moisture resistance than stone dust. Therefore, in this
research, it is expected that multilateral utilization of TDF Fly ash, and a positive effect can be also expected.

Key words : TDF Fly ash, Mineral filler, Marshall stability, Dynamic immersion, Tensile strength ratio, Wheel tracking test
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Fig. 1. U.S. Portland Cement Plants Utilizing Tire-derived Fuel
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Fig. 2. 2013 Major TDF Markets (Gray, 2015)

Table 1. Trend of Amount of Wasted Tire by Route (KOTMA, 2016) (Unit : ton, %)

2007 2008 2009 2010 2011 2012
Chanse tire 249,749 253,170 235,701 260,233 245,300 244,013
& (83.7) (82.2) (80.1) (82.2) (78.9) (79.8)
Vehicle scran fire 48,750 54,756 58,229 56,488 65,69 61,864
P (16.3) (17.8) (19.9) (17.8) @L1) (20.2)
Total 298,499 307,926 293,930 316,71 310,991 305,877
(100) (100) (100) (100) (100) (100)

- The amount of vehicle’s waste tire is calculated by multiplying the number of tires mounted on the number of scrapped vehicles per year
- Total wasted tire = Quantity of goods imported x 0.85 (Waste tire loss rate)
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aFElo] R4 (2 A o}8)e] AHIE, ET2]E, H|E, o
2 ol gE T Ve HIFERE AES Axsked Aged
T HloH, HEA, BEA, 227154 2 A T2
Agehs &5 08 Aol 7ks3HA o FF TDF Fly
ashE AR & 5 Q= LAt vilspl g 2 2102 s
31 Jek(Choi et al., 2016). o]ol] & H5ollx= TDF Fly ashZS
&g FiE fl3te] ] ofTE ERHE AL Al ARSHE
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(a) TDF Fly Ash

(b) TDF Fly Ash SEM

Fig. 3. TDF Fly Ash & Picture of SEM

Table 2. Gradation of Mineral Filler

Item KS F 3501 TDF Fly ash Stone dust
No. 30 100 100 100
Sieve |\, 50 95< 100 100
Size -
(o) | No- 100 90< 95.5 93
No. 200 70< 7.5 78

vEsjolsltl. TDF Fly ashe} AE9] = 7153S s 2
A3} Table 29} Eom =+ 7FA] AgA] BF KSoA A|AJskaL
= e VRS EESRS oF 2= QI9Mr) Table 23= KS F 3501094
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7I1Ed W R 2le & 4 dsich
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FAEsE(Ca(OH), )& A/gsH HaL, o] oA WEsl=
Ca®" o]22 TDF Fly ash Aol E3HE THAH(SIO, )0l U5

Table 3. Chemical Component of Mineral Filler
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Fly ashe] 4225} vl2sale] SEA) $& dake 0
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g dake AT} MaRA s gk

4, Al

B o SRR colte FRHE A 2 AR AR
o] F3E& WC-39] SAI])eel] W53t ol E FWEO| A ARG

= Fees ARSI ol BE EE ARl ARESE ofsE:
£ HIQIER= PG 64-22 (AP-5) AME3IIE: A Se) wis)
o whe of=TE uielte] HA e =E3] Slste] A
nphilg AAIE sk, HF okgE FHEe 2 ARt
oAE RS vl TS TAAIR ARtele] 84S W7t
B FEWGE- ol TE FE AT gl AR A3 Fated
npFP T AJRlE 5247, TSR A3, YUY A< 53
TDF Fly ash #gAle] 35S vl H7ksioict.

4.1 H{EHAA|

B2 AT o F2 AREsla Qe vl uighdA)
¥ o 2 TDF Fly ashe} 28-S A= AJ831] 719 ol
E e HA oFE IS MASGITE AVLE AlIES
Fate] e At IR, AeAle] 2Ad de REE ST
F QLS AL 58 WC3 s vEshe gt
HIES APdstgint viskadAl 23 Al vlEL 3%=E 23]
Atk Table 49} o] T FAA 7] 3 =4 FAE 1200
g0 2 AAE T ol TE FF 50%E 7120 F +0.5%X oj T
E s " 71HA ol FARNE ARskdch o Sl
G 2 8= A el Wt 7SS (ESAL,
Equivalent Single Axle Load) > 105 o &} 753), S7}=3
S(ESAL) <10°Y wj o 50512 Fg3h) B s 25
£ WC-3E A4310] S71PE312(ESAL) > 10° 2 AA15ke] oF
W 7532 vk oS ARERITE EAAlE ] ofsEE
vRRIE] FE R 370 AlRkste] 7FsEITMLIT, 2015).

. Chemical component
Material type -
SlOz A1203 CaO Fe203 Na20 KzO C MgO
TDF Fly ash 254 4.03 36.4 5.59 0.57 0.76 321 -
Stone dust 2.89 0.71 95.1 - - 0.97 - 0.28
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HAUF - A8F - 48T ol
Table 4. Mix Design Information
Weight (g)
Asphalt content (%)
T 4.0 4.5 5.0 55
pe Aggregate content (%)
20 mm 24 276.5 275.0 273.6 2722
13 mm 43 4954 492.8 490.2 487.6
Fine aggregate 30 345.6 343.8 342.0 340.2
Mineral filler 3 34.6 34.4 342 34.0
Aggregate weight (g) - 1152 1146 1140 1134
Asphalt binder weight (g) - 48 54 60 66
Total weight (g) 100 1200 1200 1200 1200
4.2 ORo™E =X Table 5. Theoretical Maximum Gravity
VPRI T AR ok BE E9EC] VR A4S Sk Asphalt content 4.5 5.0 5.5
Aol e ARgEITk ofte EhEe] uighdA|s} F4 Theoretical | TDF Flyash | 2500 | 2482 | 2463
#elg Bxow ofn] npeky 24 S KS F 2337¢]  maximum specific
_ ravity (g/em®) Stone dust 2.505 2.487 2.470
ulE AIEE A8k 60°Ce] 2=z AA AR £
o] sl gk o AR sEgke S5k Aotk ) )
SRF QR Fig 49] A2 9t o) Sqelgm age 44 BN ORAEE BE 28

SIS 60°C Fel] 3023t AR 7, 7ol 50.0mm/2e]
EEZ 3gs At st} AT

4.3 O|2X|CHE=

714 ol~EE ERhEe] o2 U s 5 o EE FRES
A S3te] sttt o] 2T AP S} ok~TE
HRITIE &3t 3] AHldlx F=0] A8 gls 495
73 disolnt 71 ofp~gE EgHE] vighdA A FFES
27ga17] S1el AR8-EIrk Table 4] of~ZE uRIT] $Hkd o2
PUeE 3o, olage ulely gHekdE TDF Fly ashe}
Ate] o] EHUE =S Y3 A= thy Table 59} 2tk 714
ol e T3 o2 KS F 2366 HPHe| we} Hagks
ARg-3FATE

Fig. 4. Measurement of Marshall Stability

FIAAL BV T FA, 5, FadzxEshdEe] wAE
Sslo] ASUEE 78 5 20om, 91| Table 59] o]23id=
*E Bl FEES Il FAREE 2 shwole] dAR
HAo] ofZE Fhgs A oRITt oTE S EA ok
ZE s HIE e AAT gAY Sl v
F83P7] wEel] AR of~TE Syl 5] 548 #
Tjetslo] A ol e kS Argslof gtk Sl ok
E 3Rk g AR AR ARG 7S Table 63 20w
kAo = F5E0] 4+0.3%¢]] sFsh= ol ~FE vRITle] JhF
< AAsIAL YTHMLIT, 2015).

2 AToME T5EF 4% Fshe HHoknEE FHo]
TDF Fly ashi= 4.5 %= UERtor AEe 4.6%=2 ZAHHAC
TS} Table 63} 2o] wliF A%, 383k, E3he, IARISEL
AAVIES BT UEShe 2102 UERITh

Table 6. Optimum Asphalt Content

Item Criteria Value Note
TDF Fly ash| Stone dust

Air void (%) 3~6 4.1 42 Pass
Stability (N) 7500=< 13,450 14,498 Pass
Flow (1/100 cm) | 20~40 28.99 25.17 Pass
Saturation (%) 65~80 71.51 71 Pass
VMA (%) 13< 14.59 15 Pass

Optimal asphalt contnet (%) 4.5 4.6 -
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Fig. 5. Bottle Rolling Machine

Fig. 6. Coverage Ratio 20%

Fig. 7. Coverage Ratio 50%

o

i
o o

F
I

o) SRS o) § oopgER ujiHE IS B 3P 585
& el Ytk ol gE F3E0] B0 Q= freHe i
sHA| =, s)she B fE ool dizbdo =z gk )]
(Glass Rod)e] F2IQ] nlzke] ojafix] ofZE ulRIT|e] vj&o]
HIAZICE B AL 24417 B2t AlE|ojx, 28] A
et 7S Edte] 21gEr) Fig. 62 SEAE 20%A e

Fol™ Fig. 72 AgA] vl 4% o 254 = 50%¢2]

o
il

>
=
o,
|
4

2 EY AP ol5HT e mee] ¥42 Sl A
Apgetsol St weh gsh] A AdiEE el A
dlo] 7kshe ARIRole niFle] WHESRio = Q1% B3] Zlo]
o) Wists Ao A o TE PR FHMYEE A}
I Slek EsTt Ao 2 QIR wEdles W A o EEEY
B0] ofFste] aduige] skl g Wk 53



X8 FESAY AAE A Ehe AR A] Ho] WS
olol] 2/gHAE 53] Sk FIATES AdlolA Adsh=
opAHE S3HE0] WHES8)(Wheel Tracking)*@e] g AR5
I Qi wfE B x5 5778 KS F 2374¢] eI
AlE S A83in) A Ee] A3 F7tel s A
A= Ak FPEIF B 423]) A uf 608, 458 Hygo =
ol Eq. Q)& 3] ARkerk FARIE Aol ARRlet 23k
2 712 30 cm A& 30 cm 0] 5 cm@l FAAE F5E o
4+0.5% 2 St-o] AlRfslirt: A2t FAIARS 2443 H F
60°Collx] EAF] AJHS B 603425203]) 744] 3et
Zlo|5 Sl 7155t BEHH] HFS Fig. 83} o] 118y
1 Fig. 9% FEAF] oA AMSH Aotk

M5
D5= 60— das @
DS Dynamic Stability. passes/mm

NI15 : Loading passes in 15 minutes, passes
d60 : Rut depth at the 60 minute, mm and

d45 :Rut depth at the 45 minute, mm

Fig. 9. Wheel Tracking Specimen
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FEAGA] & Aoz YePRLen o]= TDF Fly ashe] 74
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otAE FATE HFAE TDF Fly Ash 2gof whe otAdE Z3tE 7]
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