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Effect of Maximum Aggregate, Porosity, and Temperature on Crack
Resistance and Moisture Susceptibility of Porous Asphalt Mixtures
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Abstract Porous asphalt pavement (PAP) has many functions, such as reducing accidents and decreasing
noise. On the other hand, vulnerability is inevitable because PAP contains approximately 20% porosity.
This study evaluated the effects of the maximum aggregate size (MAS), temperature, and porosity on the
PAP durability. The indirect tensile strength measures durability. This study tested the samples that
stayed dry and were moisturized by freezing and thawing for mixtures having the same porosity of 20%
and MAS of 13mm, 10mm, and 8mm. The same test was performed on a mixture of 20% and 22% voids
made of the same material with a MAS of 10mm. As a result, for 20% porosity, significant differences
in the changes in MAS and temperature were found. A clear difference was observed between 8mm and
13mm under dry conditions, but there were no other significant differences in the MAS change.
Furthermore, there was a clear difference in temperature for the change in porosity and temperature,
but the gap in 2% porosity at 20% did not show a clear difference. Therefore, it is necessary to develop
a more durable PAP through quantitative evaluations of the factors affecting the PAP durability.

Keywords : Porous Asphalt Mixture, Durability, Indirect Tensile Strength Test, Maximum Aggregate Size,
Statistical Analysis
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Table 1. Characters of Asphalt Binder

Characters Unit Test Value
Performance Grade - [0} PG82-22
G*/sind at 82C(Original) kPa ?2) 1.34
G*/sind at 82C(after RTFO) kPa ) 2.28
G*/sind at 82T (after PAV) kPa 2) 1.020
Stiffness at -12C MPa (3) 141
m-value - (3) 0.34
Flash Point T 4) 329
Viscosity(135C) Pas ) 3.0
Mass Loss(after RTFO) % ©) -0.11

Table 19[4 AMSH APHL o233t 2Tt

(1) KS F 2389:2019; olAZEQ] T84 58]
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Table 2. Properties of Asphalt Mixtures

Content (%
Classification ontent (9
Agg. Filler Binder
8mm, 20% 91.90 2.84 5.26
10mm, 20% 92.44 2.86 4.70
13mm, 20% 92.15 2.85 5.00
10mm, 22% 92.64 2.86 4.50
100.0 —

—_ —— 8mm-20%

s oy 13mm-20% i

& 800 T omm-20% }

7 00T 10mm-22% }

z 60.0
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Fig. 1. Aggregate Gradations for Asphalt Mixtures
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(c) Indirect Tensile Strength Test(50mm/min)

Fig. 2. Indirect Tensile Strength Test Process
for Moisture Susceptibility of
Porous Asphalt Mixtures
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8mn 'ZOZ /OMM - 20 A
(2) 8mm (Air Void 20%) (2) 10mm (Air Void 20%)
Mixture Mixture

(Left : Dry / Right: Freezing) (Left : Dry / Right: Freezing)

/Omn =R /Bmm'ZO‘/
(@) 10mm (Air Void 22%) (@) 13mm (Air Void 20%)
Mixture Mixture

(Left : Dry / Right: Freezing) (Left : Dry / Right: Freezing)

Fig. 3. Specimen Splitted after Indirect Tensile

Strength Test

Table 3. Results of Indirect Strength Test for Porous
Asphalt Mixtures by Maximum Aggregate

Size
8mm 10mm 13mm
0.76 0.69 0.84
Dry 0.71 0.67 0.87
0.62 0.81 0.83
0.55 0.45 0.58
Freeze 0.47 0.51 0.75
0.58 0.58 0.57

Table 4. Results of Indirect Strength Test for
Porous Asphalt Mixtures by Air Void

20% 22%

0.69 0.83

Dry 0.67 0.73
0.81 0.87

0.45 0.55

Freeze 0.51 0.51
0.58 0.52
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Table 5. Summary of Fit for Maximum Size and

Table 7. t-test: between 8mm and 13mm

Condition
8mm 13mm
Class Sum. 8mm 10mm 13mm Total Mean 0.81 0.526667
Variance 0.0052 0.000433
Obs. 5 5 5 9 Observations 3 3
Dry Sum 2.09 217 254 638 Pierson's Coeff. 0.002817
Mean 0.6966 0.7233 0.8466 0.7555 Mean diff. Assumed 0
Var 00050 00057 00004  0.0076 Degree of Freedom 44
t statistics 6.538462
Obs. 3 3 3 ? P(T¢=t) One tail 0.001414
Freeze Sum 1.6 1.54 19 5.04 t Rejection one tail 2.131847
Mean 0.5333 0.5133 0.6333 0.56 P(T<{=t) Two tail 0.002827
Var 00032 00042 00102 00075 ¢ Rejection two_tail 2.776445
Obs. 6 6 6
o M 369 3.71 444 13mmAl&o] s T-testE AAIZE Aifolrt. of7]A
otal _ -
Mean 0615 06183  0.74 P-Value”Z} 0.05°]31Q1 0.001414Z AFEE QY YA
Var 0.0113 0.0172 0.0179

g7l AR Aol wat 2= v
FAFS gostr] fot] EAEAES AAIRE A3t
Table 60]t}. Table 6& BEH AJ79o] AF
Factor A(row)9] p-Value”l 6.44E-05% 3-2Jst *}o]
£ Holx lon YA HIE YEli= Factor
B(column)@] P-Valuex 0.013346°.2 95% AIZZ0f|
Al Fogk Zol7t Sl Ao R UETh

a8 ol T 79 AeAEo oA
P-Value #to] 0.78776°2 95% AlF|k 4304 1S
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B ol 3ol BAHLE {OJFk RpolE Hol:=
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Lol X JFE FESNAHS AX A=l oA
= QTS VAT w5 glon AR AlE
A= 8mmAIESt 13mmAlRE Atolof] §-oJ5k AJolE
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T = Ut

W 20% W 22%
b=

Dry Freeze

Fig. 5. Whisker Diagram for Indirect Tensile
Strength Test by Condition and Air

olZ kTt Table 701 AZAE(S] 8mmAl=s} Void
Table 6. ANOVA for Maximum Size and Conditoin
Source Sum of Square DF Mean Square F Ratio P-Value F Rejection
Factor A(row) 0.172089 1 0.172089 35.7278 6.44E-05 4.747225
Factor B(column) 0.060878 2 0.030439 6.319493 0.013346 3.885294
Interaction 0.002344 2 0.001172 0.243368 0.78776 3.885294
Error 0.0578 12 0.004817
Total 0.293111 17
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Table 8. Summary of Fit for Air voids and Condition

Class Sum. 20% 22% Total
Obs. 3 3 6
Sum 2.17 2.43 4.6
Dry
Mean 0.7233 0.81 0.7666
Var 0.0057 0.0052 0.0066
Obs. 3 3 6
Sum 1.54 1.58 3.12
Freeze
Mean 0.5133 0.5266 0.52
Var 0.0042 0.0004 0.0019
Obs. 6 6
Sum 3.71 4.01
Total
Mean 0.6183 0.6683
Var 0.0172 0.0263

Table 9. ANOVA for Air voids and Condition

SESH 7Rl SRt Kol HolFc
B} S Ao A 240 7
22 A8Y Wart Ut w3 OBY opABE
oA 20%2] B2 22%] B Aole] 2% 7]
A 2 20)S LrehiAg 2 AdolE 2%0] F3E A
o7} BB EEe] WY HEQ AR &
gt L WAL A0 WAL Zc. o)A
B8 2% Holo] ArE H3H5| AT 4 s A
oAz Fio] 9 Ao ot

B
o of

N
st
[y

=2 Mo o

1

0|

Xk
=

1
)

rg oo

Source Sum of Square DF Mean Square F Ratio P-Value F Rejection
Factor A(row) 0.182533 1 0.182533 46.80342 0.000132 5.317655
Factor B(col.) 0.0075 1 0.0075 1.923077 0.202934 5.317655
Interaction 0.004033 1 0.004033 1.034188 0.338943 5.317655
Error 0.0312 8 0.0039
Total 0.225267 11
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