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A Study on the Physical Properties of Recycled Asphalt Mixtures
Using Glass Fiber Reinforcement

8t 714 Park,KiSoo M3l - SRAMT|SUTY AmaOrMATEE AR - mAIKX} (E-mail : kisoopark@kict re.kr)
SHZE Yoo Pyeonglun | HEY - HRUMI|AUTY AMAMRITSEE G192 (E-mail : piyoo@kict.rekr)

ABSTRACT
PURPOSES : The objective of this study is to evaluate the physical properties of recycled asphalt mixtures reinforced with glass fiber.

METHODS : Firstly, mixing design was conducted on recycled asphalt mixture for use of 50% recycled aggregate. Various laboratory tests
were performed on four types of recycled asphalt mixtures with different glass fiber content to evaluate the physical properties. The laboratory
tests include indirect tensile strength test, dynamic modulus test, Hamburg wheel tracking test and tensile-strength ratio to evaluate cracks,
rutting and moisture resistance of mixtures.

RESULTS : The indirect tensile strength of fiber reinforced glass increased about 139.4%. As a result of comparing the master curves obtained
by the dynamic modulus test, the elasticity was low in the low temperature region and high in the high temperature region when the glass fiber
was reinforced. The glass fiber contents of PEGS 0.3%, Micro PPGF 0.1% and Macro PPGF 0.3% showed the highest moisture resistance and
rutting resistance.

CONCLUSIONS : The test results show that use of glass fiber reinforcement can increase the resistance to cracking, rutting, and moisture
damage of asphalt mixtures. It is also necessary to validate the long-term performance of recycled asphalt mixtures with glass fiber using full scale
pavement testing and field trial construction.
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Fig. 1 3D Reinforcement of Glass Fiber—reinforced
Asphalt Mixtures (GFRA)
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Fig. 2 Micro PPGF
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Table 1. Results of Ignition Test

Weight (g) Weight of Asphalt
Before After asphalt content
(Agg+AP) (Agg) (@ (%)
2,053 1,944 109 5.3
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Table 2. Aggregate Gradation of RAP
Sieve Aggregate WC-2
size(mm) gradation Upper LemErn
20 100 100.0 100.0
13.2 98.7 100.0 95.0
9.5 88.4 92.0 84.0
475 64.2 70.0 55.0
2.36 449 50.0 35.0
0.60 24.0 30.0 18.0
0.30 16.5 21.0 10.0
0.15 10.5 16.0 6.0
0.08 6.6 8.0 4.0
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g % - Table 3. Mix Design of RAP
5 30 a8l *
* 20 jy;_// Aggregate (%) Asphalt binder (%)
2 L ()
10 . New Total(%)
0 - Recycled New Aged (AP-3)
0.01 0.1 1 10 100
Sleve Size{mm) 47.15 4715 2.64 3.06 100

30 International Journal of Highway Engineering - Vol.20 No.4



3.2.4. Hlmrjiot I AleS M

2449 AqL§ of
Table 49} Zo] &g

=3E S AHs

), 719

[=4e) [e)
— T }EI]TI‘

o

=)
Mg 1
st

el
\=e)

BAA A7 0.1%5 71EL

2 3709 HAA wlgo] w2t &9k Hioke S,

Table 4. Comparative Alternative Settings

No.

Asphalt

Glass fiber content (%W)

content
(%)

PEGS

Micro
PPGF

Macro
PPGF

Sum

A

(Control)

B

C

D

5.7

0.3 0.3

0.1

0.7

0.1 0.3

0.3

0.7

0.3 0.1

0.3

0.7
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Table 5. Test ltem Settings

Test type

Mixture type

Indirect tensile

A(Control)

Dynamic modulus

A(Control)

W | @

Tensile strength ratio

A(Control)

W)

Hamburg wheel tracking

A(Control)
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Table 6. Results of Indirect Tensile Test (257C)

Indirect tensile strength (MPa) | |ncrease
Value )
A(Control) B rate (%)
Avg. 1.37 1.91
Max. 1.38 1.93
: 139.4
Min. 1.35 1.90
Std. 0.02 0.02
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Table 8. Results of Dynamic Modulus Test for Mixture B

e Temp | Freq E* Phase .Average.
(c) (Hz) | (MPa) | angle | Micro-strain
25 18,221 5.9 81
10 16,875 6.4 94
5 16,641 6.1 99
-5 1 15,900 6.3 98
0.5 15,369 6.7 99
0.1 13,693 8.0 100
0.01 11,077 10.3 101
25 | 15559 | 75 93
10 | 14424 | 82 97
Fig. 8 Specimen Mounting and LVDT Attachment ° 13,559 8.7 97
5 1 11,603 10.3 98
Table 7. Results of Dynamic Modulus Test for Mixture A 05 |10,745 1.1 9
0.1 8,806 13.3 101
Temp | Freq E* Phase Average 0.01 6.277 16.9 100
e (c) (Hz) | (MPa) | angle | Micro-strain 25 9:073 14.6 99
25 20,189 5.3 81 10 7,862 16.0 96
10 19,186 5.7 88 5 7,023 17.1 96
5 18,355 6.1 94 B 21 1 5,228 20.0 97
-5 1 16,380 7.2 97 0.5 4,580 21.0 98
0.5 | 15,498 7.8 98 0.1 | 3,229 23.8 98
0.1 13,411 9.4 101 0.01 1,848 26.4 98
0.01 10,419 12.4 101 25 3,675 26.0 96
25 15,955 8.4 94 10 2,947 27.0 90
10 14,647 9.2 97 5 2,477 275 91
5 13,630 9.9 97 40 1 1,563 29.1 95
5 1 11,339 12.0 98 0.5 1,298 28.9 96
0.5 10,337 13.1 99 0.1 797 29.0 99
0.1 8,134 16.0 101 0.01 406 28.0 104
0.01 5,368 20.7 99 25 1,673 31.7 50
25 8,437 17.2 100 10 1,293 31.5 84
10 7,115 19.0 96 5 1,037 30.8 89
5 6,202 20.4 96 54 1 602 30.2 96
A 21 1 4,358 24.0 97 0.5 489 29.1 97
0.5 3,723 251 98 0.1 301 28.0 100
0.1 2,435 28.2 98 0.01 168 257 103
0.01 1,231 30.3 100
25 2,828 31.2 99 tlopst SmolA] 22dE FolEl dlalzke] tia)
10 | 2178 | 317 87 e = H -
5 1,757 31.9 90 AEoz o]FAlA theFt HHES st Master
40 1 995 | 326 95 Curve® AET 4= glon o]F Fof AaA A=Y
05 | 780 | 319 97 2492 u|ws 2 9t
0.1 429 31.0 101 ~ -
001 | 192 288 n 7t SFEY A 2= 9 70 et S4E s
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* e e o 89 9] Mo F4(Shift Factor)e HAXLHE of
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Fig. 9 Semi—log Master Curve (Ref, Temp : 21C)
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Fig. 10 Log—log Master Curve (Ref. Temp : 21)
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Table 9. Results of Tensile Strength Ratio Test (257C)

Indirect tensile strength (MPa) Tensile

Type Dry Increase After Increase | Strength
(%) |Frozen-Thaw| (%) ratio
(Co)r?trol) 093 - 0.67 - 0.72
C 1.08 116.1 0.68 101.5 0.63
D 1.27 136.6 0.98 146.3 0.77
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(a) Mixture A

(b) Mixture C

Fig. 11 Pictures of Each Mixture After Hamburg Wheel
Tracking Test

(c) Mixture D

Table 10. Results of Hamburg Wheel Tracking Test (55C)

Rut depth (mm)
Type
2,500 | 5,000 | 10,000 | 15,000 | 20,000
A
(Control) 47 10.6 18.0 N/A N/A
C 27 8.1 16.3 N/A N/A
D 2.5 4.9 10.4 14.6 17.3
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Hamburg Wheel Tracking Test Results
o  ——PIRAPSO% NoFiber) = =-C(RAPS0% 0.1,0.3,03) ----- D(RAP50%_0.3,0.1,0.3)
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Fig. 12 Results of Hamburg Wheel Tracking Test (55C)
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