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Permanent Deformation Properties of Porous Pavement
Modified by Pyrolysis Carbon Black
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'Dept. of Civil Engineering, Kongju National University
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Abstract The number of waste tires is increasing. One effective recycling method is the pyrolysis of waste tires.
Using the pyrolyzed carbon black from waste tires, the characteristics of permanent deformation for PA-13mm porous
mixture were evaluated. The confining pressure of 138 kPa and deviatoric stress of 551 kPa were adopted. The testing
temperature was 45° and 50 gyrations of the gyratory compactor was used to simulate the medium traffic level. The
mixture modified by 10% PCB showed the largest Marshall Stability of 3.41 kN. The stability of the mixtures with
PCB was 50% higher than that of mixture without PCB. The limited laboratory test showed that the use of PCB in
a porous pavement decreases the permanent deformation and will be an effective alternative method to reducing the
permanent deformation of a porous pavement.
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[Table 1] Amount of Waste Tires(unit : *1000)

year 0 10 1 12
type

08

Change 250 253 235 260 245 244
54
307

58 56 65 61
293 316 310 305
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2. OIARE =8l=E 71224

2.1 OPATIE HiQIE 7|2EY
2 Aol AP-3 ofAZE HRRITIE VRO

23 7}5—2%& ETEEL 00, 5%, 10%, 15% 2 20062
W= Aol AR E BlolEE o] &5t die FHRE
o] 2 AEL Fixed Carbon 62.1%, Ash 23.1%,
Volatiles(VM) 11.3% s-o|tt. @3l 712539 v]52
1000 g/em’, HIFEHAL 35249 m’/g, Bt A7 043
um=E S EJATH3] Aol AHEH JHE of~TE ulel
Ho] 7]1EE42 Table 20 YERd A3} 2o

[Table 2] Properties of AP-3 Binder

Type Specifica
. Te
Test Mothod Units tion est Results
Penetration over &)
957) 1/10mm ess 100 97 to 9
Softening Point T 42-50 43 to 4
D(T?ét)y g/ | over 1000 1032
Flas&i’omt g/cn over 260 350
2.2 X2 7|12 =4
A= g e EAE ol &Stk wigA
B4 2A A FUOIA A 13mm W54 13
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Q)%= Table 33 2t}

H il , [Table 5] Properties of HMA
Type of Tests Results
[Table 3] Gradation of Aggregate AC Binder OAC (%) 506
Density 1.032
. . PA-13 HMA Bulk SG 2.012
Size of Sieve — - - -
Specification Target Gradation Maximum 252
19mm 100 100 Hot Mix Asphalt Theoratical SG !
13mm 92-100 9% Effective AC 494
10mm 62-81 70 Content (%) )
% passing 4.75mm 10-31 20 Volumatric Air Voids (%) 202
weight 2.36mm 10-21 15 Properties VMA (%) 268
0.6mm 4-17 10 VFA (%) 24.6
0.3mm 3-12 3 OAC : Optimum Asphalt Content
0.15mm 3-8 5 VMA : Void in Mineral Aggregate
0.075mm 2-7 3 VFA : Void Filled Asphalt

PA-13mm Wi 2ol AMEE SAle] 7EEAS
KS ZFA WS o839l 1, A% A7= Table 49 2tk
[Table 4] Properties of Aggregate

Test Spec Test Result
pec. Fine Coarse
Apparent SG 2.657 26383
Bulk SG > 245 PASSS) 2.649
Effective SG 259 2.661
Absorption (%) <30 150 048
Abbrevition (%) <30 n/a 21.2

SG : Specific Gravity

Ué*]-ﬂ PA-132.2 w3 AE A &sigT) &
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Table 6& o} AZE E3E9] A

o Ay PAERN) 2 SFRHmmE 3

PA-13 o} BE EFEE] 9 G
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7ol 341 kNO.Z 71 I A ek

7850l HlEl 50% o]/ <
7 295 Yol wigg of~BE &

o AY- T2 FH FATT Bol 2=

o4 Gis) ALRAS W o} ABE v}

=
Ag o4 %2

e
Qefel Aol

10962 A3 o}~ BE 3

NeHEE, Fe

AR P& gho] S7HE = AR

[Table 6] Marshall Stability and Flow

- PCB %6 0% 5% 10% 15%
Test
Max. Stability (kgf) 212 297 341 311
Flow o
©.1 mm) 503 546 546 466
3. ANVIE ME X ZTEA
3.1 A4Hd 7[RI
2L ol ~FE E3HE9] ' 3Hdensification)
9} AehAE (shear deformation)oll 2JsiA F= EA3k
o}, &S wrEAEA H o] AP AR A AW
P&} steAsislae] HAE 1dAlo = 27]19E o]
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[Fig. 1] Testing Machine
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EHe THRY 2YAYANGANE wolFu Ik A
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[Fig. 2] Permanent Deformation of PA-13
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[Table 7] Permanent Deformation(mm) for Each

L
A T

x o?L

Stages
Stage Stage 1 Stage 2 Stage 3

cycle cycle cycle

PCB T s | ™™ ] seo) | ™| (seo)
0% 09 0 14 R 46 520
5% 08 0 14 100 48 830
10% 0.7 0 1.0 100 43 965
15% 06 0 1.1 105 44 800
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Table 88 297 steady-state 7-7+e] E8A] 3F=A)
Sf 31 2 39A] sk F-gtel] K9)g 5 8% —’F%Q] A
o] A% L we At S-S vEld
© 2 PCBE AHESE o}~ B E 58529 45% 2 8%
ol mesl= seAE 357F A VERTh

3eA 3ke] 7]1€719] 4§ PCB 0% of~ZE &%
E-2 00113 mm/sec ©]aL, PCB 5%, 10% % 15% o}2=Z
E

EEE-LS o 00071 mm/sec ©th PCBE £¢3t
ofATE EFEQ| A 20 ito] ¢hnd o) F 31k
A 7oA PCBE AMgaHA] e o}i% gzg o

I
Hlel] 2 e B A TS Jrgit

[Table 8] Load Repetitions at 4.5mm & 8mm

Deformation
Deforma
~tion 45 % 80 % Slope
PCB

0% 520 830 0.0113
5% 770 1260 0.0071
10% 960 1490 0.0066
15% 840 1305 0.0075

Aukz o 7 2h7 steady-state A E] T-3Ho] WEES
S egs W, =RIFAsE A FTEA

(performance)S Hoj5E F1o= o] 7+9 7]&7]7}
AEFE WFsEe] o Aol AA wAst,
T2 2A 9 o] AE ofn|dit) Table 87 2]
PCBE AME3HA| @42 of~BE Z3HE9] 24| 71 7]
7]+ 00076 mm/sec ©]1, PCBE &3 o}~ZE &
&0 HHF71L7]E 0004 mm/sec AEolth

[Table 8] Slope of Stage 2 (Steady-State) and Stage 3

(failure)
Stage . ]

PCB Stage 2 Stage 3

0% 00076 00113

5% 0.0047 0.0071

10% 00033 0.0066

15% 0.0047 0.0075

3. 28

(1) PA-13 ¥l 54 o}~BE EgrEe] 49 drs) 7}
waecfo] ofo] RS Aol AXE Y

E3HE o] ok Zho] 341 kN2 7F4 =A| UrE}
g FHEEY S o] 83hA] ek 9ol H]&] 50% o]

(2) 2A4¥E B4 FH7FE 8 iEAEAEAES
o] &3t 142 8L 138 kPa, =432 551 kPa,
ANF2EE HEE 48314t PA-13 #l5A4 of~FE
TEE9] A9 AAH o2 PCBE AHESHA] &2 Al 9]
243 o] PCBE A}%fa Al el Aol vls] A
YEISTE PCB ARS- Al 5%ellA4 10%E ©]8-3t= Aol
2R E HLs & 5 e AoE YEyih

(3) 27142 WEe] i, o]F 294 Steady -State
e el AlFEE WE AV FuAo R 1.2mm
Aol o] AH Y =o] I00mmE 7|Fo % B oF
1.2% WA 294 Steady-State -7+l 21918}
= Ao HrtH Sk 209 A ko] Euhar 39 A &4
W o] -7k ZI9)sh= A ab] A7]E Hit 45mm
Aol AlHe] o] V|FoR B oF 45% W Al
249y 97t Al A= ﬁii heteE
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