Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2021.22.8.604

cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 22, No. 8 pp. 604-612, 2021

AEe2E HEo| OAREEFEY AP} SEA WAL

Effect of waste plastic filler on stability and flow of asphalt mixture
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Abstract Waste plastics (WP) is already a serious problem worldwide, and it became more significant an
issue due to the spread of Covid-19. Among the various methods of recycling WP, some of them have
tried to use WP for laying pavements, but the amount of utilization of WP is not high in this application.
In this study, we replace the filler used in the production asphalt mixture (AM) with the WP powder.
As part of this study, Marshall stability and flow tests were performed to evaluate the AM's properties
and to prepare an AM in which the filler is replaced with WP. From the present work, it was found that
the AM using WP exhibited the same level of strength in Marshall stability as compared to other
conventional AMs. Although there was a slight difference in the mean strength, it was evaluated that
these two groups could not be said to have different strengths at 95% confidence. The flow test results
showed that the flow value of AM with the WP filler is greater than that of the GAM. However, this
higher flow value is within the allowable range and doesn't pose any problem . Higher flow value is also
an advantage in that it can improve the riding on pavement and can delay the damage of pavement in

winter.
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Table 1. Characteristics of the main thermoplastics (KPRA[13])

. PolyEthylene Polypropylene Methacryl PolyVinyl
Classification ®F) ®P) PolyStyrene(PS) (PMMA) Chloride(PVC)
CHy
-CH-CH- -CH-CH-
CHxCHz I | c Izé. B 'l
Molecular Structure <y Cells o a
) OCOCH; @
() (n) @
Monomer Molecular 28 4 104 100 62.5
Weight
Specific Gravity 0.91-0.965 0.902-0.906 1.04-1.10 1.16-1.20 1.3-1.4
Heat Resistance 90-120 121-160 50-70 60-110 60-70
Temperature
Acid Resistance
Alkali Resistance
Pyrolysis 290-360 220-250 330-400 170-300 190-300
Temperature
Ignition Temperature 350 389 495 450 454
Melting Point 137 137 176 240 212
Calorific Value 11,040 11,040 9,680 6,675 4,230
Chlorine-Based or non-chlorine non-chlorine non-chlorine non-chlorine chlorine-based
Non-Chlorine
(PolyStyrene, PS), ZdvgHEl2golE 3.2 PP S2tAEIMEOl MAL

(PolyMethylMethAcrylate, PMMA), Z=@3|Le]
dl(PolyVinyliDeneChloride, PVDC), Zgjo|AHZ
(PolyesterPolyethylene Terephthalate, PET) 4]
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Fig. 1. Plastic Filler Manufacturing Process
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Ash+PP Ash+PET1 Ash+PET2

Fig. 2. Three Prototypes of Plastic Filler
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Table 2. Experimental Variables

Variable As-Binder Agg. Filling
Screen Straight BB-3 S
Asphalt raig creen
Plastic Straight BB-3 Plastic
Asphalt 8
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Table 3. Mixing Ratio
Agg.(%
APO) 2l Filler(%9)
Coarse Fine
4.1 50.0 40.9 5.0
Table 4. Table of Mixture
Agg.
Variables AP(g) 8.® Filler(g)
Coarse Fine
Screen 225.5 2, 749.7 2, 249.8 275.0
Plastic 225.5 2, 749.7 2, 249.8 126.9

% Filler replacement based on volumetric displacement
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Table 5. Sieving Analysis of Coarse Aggregates

Coarse Aggregate
Sieve s Mass Mass Mass Cumm.
Remained | Remained Passing Remained
(® %) (%) (%)
40mm 0 0 100 0
25mm 0 0 100 0
13mm 3619.5 72.66 27.33 72.66
5mm 1334.8 26.79 0.54 99.45
2.5mm 263 0.52 0.014 99.98
Finer 0.7 0.014 0 100
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Table 6. Sievings test result of fines
Fine Aggregate
Seive She Mass Mass Mass Cumm.
Remained | Remained Passing Remained
(2) (%) %) (%)
9.52mm 0.00 0.00 100.00 0.00
4.75mm 1.50 0.38 99.62 0.38
2.38mm 22.60 5.78 93.84 6.16
1.18mm 44.10 11.27 82.57 17.43
0.6mm 183.20 46.83 35.74 64.26
0.297mm 98.10 25.08 10.66 89.34
0.15mm 38.50 9.84 0.82 99.18
Finer 3.20 0.82 0.00 100.00
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Table 7. Test Results of Marshall Stability
Marshall Stability(N) Avg.
Var.
1 2 3 4 )
Sr 9,345 7,448 13,165 6,250 9,052
Pl 4,385 8,085 11,915 11,675 9,015
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Fig. 3. Test Results of Marshall for Screens
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Fig. 4. Test Results of Marshall for Plastics
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Table 8. F-test: Two-Sample for Variances

screen plastic
Mean 9052 9015
Variance 9142213 12595800
Observations 4 4
df 3 3
F 0.725814
P(F¢=f) one-tail 0.399285
F Critical one-tail 0.107798
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Table 9. t-test: Two-Sample Assuming Unequal

Variances
screen plastic

Mean 9052 9015
Variance 9142213 12595800
Observations 4 4
Pooled Variation 10869006

Hyperthesized Mean 0

Difference

df 6

t Stat 0.015872

P(T<=t) one-tail 0.493926

t Critical one-tail 1.94318

P(T{=t) two-tail 0.987851

o

A% SARA] B2w, olABESTR] THYHE
2 AMgIlE Aot BelaE MRS AM8SH: 49 o}
I AP ATlo| A HEL A3 o) ATE SFHEO|
R A USRI BA05 foA Aol ol e
oloith. o3 AlZHoE HolRl Zlo| |27 tho]
ol1%o]e Fig. 59} 2t}

M Screen M Plastic

5. Box Whisker diagram of Marshall Stability
for Screen and Plastic Asphalt Mixtures
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Table 10. Test Results of Flow test

Flow(mm)
Variables (A vg.)
1 2 3 4 mm,
Screen 2.13 1.90 2.03 2.11 2.043
Plastic 3.02 2.33 3.02 3.28 2.913
213 211
208 2.043
B
£
]
ﬁlﬂ 19
ol I
2 3 4 7
Fig. 6. Test Results of Flow for Screens
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Fig. 7. Test Results of Flow for Plastics
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Table 11. F-test: Two-Sample for Variances

screen plastic
Mean 2.0425 2.9125
Variance 0.010892 0.165825
Observations 4 4
df 3 3
F 0.065682
F Critical 0.107798
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Table 12. t-test: Two-Sample Assuming Unequal

Variances
screen plastic
Mean 2.9125 2.0425
Variance 0.165825 0.010892
Observations 4 4
Hyperthesized Mean 0
Difference
df 3
t Stat 4.139144
P(T¢{=t) one-tail 0.012801
¢ Critieal 2353363
P(T<=t) two-tail 0.025601
¢ Critical 3.182446
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Fig. 8. Box Whisker diagram of Flows for Screen
and Plastic Asphalt Mixtures
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