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Bitumen seal
e iy a |
Granular Granular
Soil Soil
{a) Gravel road (k) Sealed gravel road
Asphaltic Concrete
Granular Granular
Soil Soil
{c) Asphalt pavement ({d) Concrete pavement
Asphaltic Concrete
Cement treated or concrete Cement treated
Granular Granular
Soil Sail
() Composite pavement if) Heawy duty concrete
Concrete or brick
blocks on =and Rail on slkeepers
Asphaltic or cement treated Ballast (granular)
Granular Sub-Ballast (granular)
Saoil EEEErra—
{g) Block pawement (h) Railway
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Water permeable

porosity not filled
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ANUAUIUY (p) p=M/V 2.1)
dadrunoailad (P,) P, =M,/M (2.2)
dadruneailadlsz@nsna (p,,) P,.=M,/M (2.3)
@ 1 oA =2

daauueaiaangnaady (P,,) P, = M, /M, (2.4)
9971991 (AV) AV=V,/V (2.5)
BIINITLHINOYNIAVDINIATIN (VMA) VMA = (V,, +V,)/V (2.6)
Fo1angAuNURGIoLealad (VFA) VFA =V, /(Vy+V,) 2.7)
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AC 120/150 111 + Emulsifier 1-2%
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2.2.3 Polymer Modified Asphalt (PMA)
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(un:A¥3uns Inena, 2547)

AoM1UA vinalvajgaiiszy v Inaga
szuugpalesm (mm) (mm)
37.45 mm 37.5 50.0
25.0 mm 25.0 37.5
19.0 mm 19.0 25.0
12.5 mm 12.5 19.0
9.5 mm 9.5 12.5

1 o 4 ] o v w {
TaguaagdomruaszuuglodmiiiiganiuauazuafInaIn1a 199 2.3-2.7
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713190 2.3 ﬂjummzmawamwumwucyxﬂaim%l% 37.5 WU (MULABITUNT anagna, 2547)

37.5 mm. Nominal Size

Restricted Zone Boundary
Sieve, mm. Control Points Minimum Maximum
50 100.0
37.55 90.0 100.0
25
19 34.7 34.7
12.5 15.0 41.0 233 27.3
9.5 15.5 21.5
0.600 11.7 15.7
0.300 10 10
0.150
0.075 0.0 6.0
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M1319N 2.4 GULIW’]ﬂagﬂl@ﬂm@ﬂ']ﬂu@]iﬁﬂﬂ"ylﬂ@ﬁlWWﬂ 25 Y. (MULABIUNT mnana, 2547)

10

25 mm.Nominal Size

Restricted Zone Boundary

Sieve, mm. Control Points Minimum Maximum
19 100.0
12.5 90.0 100.0
9.5
4.75
2.36 19.0 45.0 34.6 34.6
1.18 223 28.3
0.600 16.7 20.7
0.300 13.7 13.7
0.150
0.075 1.0 7.0

= 9 o J = ~ v Aa J a
M139N 2.5 éuuwmazsuawamwumwwggﬂasmvm 19 Y. (MULAVIUNT mnana, 2547)

19 mm.Nominal Size

Restricted Zone Boundary
Sieve, mm. Control Points Minimum Maximum

19 100.0

12.5 90.0 100.0

9.5
4.75

2.36 23.0 49.0 34.6 34.6
1.18 223 28.3
0.600 16.7 20.7
0.300 13.7 13.7
0.150
0.075 2.0 8.0
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2 Y o J ~ A v Aa J a
M1319N 2.6 GULIW’]ﬂagﬂl@ﬂm@ﬂ?ﬁu@ﬁgﬂﬂ‘ylﬂ@ﬂWWﬂ 12.5 YU, (NULABIUNT nana, 2547)

12.5 mm.Nominal Size

Restricted Zone Boundary

Sieve, mm. Control Points Minimum Maximum

19 100.0

12.5 90.0 100.0

9.5

4.75

2.36 28.0 58.0 39.1 39.1
1.18 25.6 31.6
0.600 19.1 23.1
0.300 15.5 15.5
0.150
0.075 2.0 10.0

d‘ Y o J A A v a Jd a
A1389N 2.7 ﬂjummzmawamwumwucyxﬂaim%l% 9.5 Y. (MULIBIUNT mnana, 2547)

9.5 mm.Nominal Size

Restricted Zone Boundary
Sieve, mm. Control Points Minimum Maximum

19 100.0

12.5 90.0 100.0

9.5
4.75

2.36 23.0 49.0 34.6 34.6
1.18 223 28.3
0.600 16.7 20.7
0.300 13.7 13.7
0.150
0.075 2.0 8.0
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MINMIANHIVDY (Kongkitkul et al., 2014) 1d¥n1snaaoy Small-Strain M1A1E, E,, v,,, v,. 1A0
1% PMA 118y HMA naunuiisataziuiueutaz 19anmunuiu 1.90 gom’, 2.15 glom’ 1az
237 glem’ WANSNATBY Monotonic loading Vosnauaaadnouniauas Inawes Tuavhos

Pz A
oA NaANINIs 19N 2.8

d' 1 = = 4 =~ a o a 4
AT NN 2.8 AURNAYUNANUIATIATIFALLAL E, GUEN!L’E)ﬁﬂaGIﬂ@uﬂiﬂ!m%TWﬁm@iINﬂ‘V\hﬂﬂ

7 A .
woaWaa (MW: Kongkitkul et al., 2014)

PMA HMA Ratio
Avg.
Density | Direction | Avg.G, .. | Avg.E, | Avg.G, . | Avg.E, | Avg.O ..

(g/cm3) (kPa) (MPa) (kPa) (MPa) (kPa) Fa
(MPa)

Horizontal 172.02 12.27 70.37 8.1 2.44 1.51

- Vertical 273.84 35.02 93.43 16.35 2.93 2.14

Horizontal 295.4 30.46 168.34 17.64 1.75 1.72

2 Vertical 509.64 82.61 264.55 37.12 1.92 2.22

Horizontal 736.56 85.52 425.64 65.62 1.73 1.3

237 Vertical 893.83 184.13 706.66 84.47 1.26 2.18

~ 1 1 o A A oA 9 U a 4 a 4 4 1
1NATT NN 2.8 W'IJ'NﬂHl,ﬂﬁﬂa@ﬂ'é)uﬂiﬁllﬂWﬂuﬁ)ﬂﬂ'NIWﬁLiJ@iIﬂJﬂT‘hEJﬂ!L@ﬁﬁﬁﬁ!Lagﬂ1

s & a A 2 ] J
ﬂ’Jmm%m;qumz E,, maﬁuaaﬁaﬁmﬁawuﬂi]?;lfwuﬁummmmwumuummuaﬁﬂam

o . . 4 J g 4 ~ a 4
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(MPa)

Equivalent elastic modulus, E

siii

(MPa)

v.eq
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o
o
o

Equivalent elastic modulus, E

100
1

i

g 600 E

400 f

200

]

T

0.5592 1

Musika (2010): E, = 44.897x (o /o))" "]

R’= 0.9392

Density 1.90 g.rcm3 ]
Vertical compaction
PR 1

=1 kPa

10

Remark: S,

5 100

Vertical stress,o (kPa)

~ 1 o s ' 3
2.6 ﬂﬁL‘iEEJ‘UL“VIEJ‘UﬂWINﬂaﬁﬁiJiJ“aEJ“I/]ﬂ’NiJ‘HLlHL‘L!u 1.90 g/cm

(111: Kongkitkul et al., 2014)

This study: E__ =63.797 x (5,/0,)" "
R’= 0.9445

0.6931

Musika (2010): E, _ = 34.3959 X (s /o)

2—
R"=0.9931 Density 2.15 g/cm®
Remark: o, = 1 kPa Vertical compaction

1 " 1 M i "

100
Vertical stress,s  (kPa)

0

~ 1 1% S ' 3
2.7 ﬂ"liL‘]EfJ‘]JW]EJ‘]Jﬂ"IIIJ@ﬁﬁﬁ?JEﬁEJV]ﬂ’NﬂJWLHLLL!u 2.15 g/cm

(M: Kongkitkul et al., 2014)
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czu Musika (2010): Ev,eq_ 194.287 x (GV/GO) ‘
= R’= 0.9494 Density 2.37 glcm®
L . Remark: o, = 1 kPa Vertical compaction
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- Freezing Tunnel
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- Steel and Fiber Removal
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- Product Storage Silos
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Parameter Ambient Cryogenic

Operating Temperature ambient, max. 120° C below - 80° C

Size Reduction Principle cutting, tearing, shearing braking cryogenically embrittled

rubber pieces

Particle Morphology spongy and rough, high specific even and smooth, low specific
surface surface

Particle Size Distribution relatively narrow particle size wide particle size distribution
distribution, only limited size (ranging 10 mm to 0.2 mm) in
reduction per grinding step just one processing step

Maintenance cost higher lower

Electricity Consumption higher lower

LN2 Consumption N/A 0.5 - 1.0 kgLN2 per kg tire input
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M3197 2.12 WATFIUVBIEATAENAUITOIUA (ASTM D6114/6114M 09)

Binder Designation” Type | Type Il Type Il
Apparent Viscosity, 175°C [347°F]: Pa-s [cP] min 1.5 [1500] 1.5 [1500] 1.5 [1500]
Modified Test Method D2196, Method

A, (see 5.4)2°¢ Pa-s [cP] max 5.0 [5000] 5.0 [5000] 5.0 [5000]
Penetration, 25°C [77°F] 100g, 5 s: min 25 25 50
units (Test Methed D5) max 75 75 100

Penetration, 4°C [39°F], 200g , 60 s:

units (Test Method DS) min 0 15 25
Softening Point: °C [°F] min 57 54 52
(Test Method D36) [135] [130] [125)
Resilience, 25°C [77°F): % .
(Test Method D5329) min 25 20 0
Flash Point: °C [°F] min 232 232 232
(Test Method D92) [450] [450] [450]
Thin-Film Oven Test Residue (Test Method
D1754)°

; : o 0.
Penetration Retention, 4°C [39.2°F]: fmin 75 75 75

% of original (Test Method D5)
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(W7 Francis 1182 Laurent, 1998)
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