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A Study on the Performance Evaluation and Comparison of Porous and

Drainage Pavement Types
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ABSTRACT

PURPOSES : The permeable pavement type has been rapidly developed for solving problems regarding traffic noise in the area of housing
complex and heavy rainwater drainage in order to account for the climate change. In this regards, the objective of this study is to figure out the
characteristics of pavement types.

METHODS : The laboratory test for deriving optimum asphalt content (OAC) was conducted using the mixtures of the permeable asphalt
surface for the pavement surface from Marshall compaction method. Based on its results, the pavement construction at the test field was
conducted. After that, the site performance tests for measuring the traffic noise, strength and permeability were carried out for the relative
evaluation in 2 months after the traffic opening. The specific site tests are noble close proximity method (NCPX), Light falling deflectometer
test (LFWD) and the compact permeability test.

RESULTS : The ordered highest values of the traffic noise level can be found such as normal dense graded asphalt, drainage and porous
structure types. In the results from LFWD, the strength values of the porous and drainage asphalt types had been lower, but the strength of normal
asphalt structure had relatively stayed high.

CONCLUSIONS : The porous structure has been shown to perform significantly better in permeability and noise reduction than others. In
addition to this study, the evaluation of the properties and the determination of the optimum thickness for the subgrade course under the
porous pavement will be conducted using ground investigation technique in the further research.

Keywords
Permeable Pavement, Porous Pavement, Drainage Pavement, Impermeable Pavement, Noble Close ProXimity (NCPX), Light Falling Weight
Deflectometer (LFWD), Optimum Asphalt Content (OAC)

Corresponding Author : Sungho Mun, Associate Professor

The Road Pavement Research Division, No.43, Seoul National
University of Science and Technology, 232, Gongneung-ro, Nowon-gu,
Seoul, 01811, Korea

Tel : +82.2.970.9014

E-mail : smun@seoultech.ac.kr

International Journal of Highway Engineering

http://www ksre.or.kr/

ISSN 1738-7159 (Print)

ISSN 2287-3678 (Online)

Received Apr. 20,2018 Revised Apr. 21,2018 Accepted Apr. 30,2018

= Q) =27F A

9 FAH & St 59 24
h st gdek, E2deld 9458 &

9514 723}

rot

)

Jon
o
T

22 - H20# HM3s 47



Pl A9, mAS U B3] mapaEst Ht,
LEE0] e
24| 480 27}
a7 A2y

4
uRgAfo] WAyl

we X e oz >

B ot

_\‘1‘«_1‘ 4
~
my
N
b2
[m 4y i o rr
flo r oX 10 offt oX oX I

oo

A 4

ot

>

o

e

[>

Q

i

<

)

2

=

%

o

[>

mE o
2 kO o BN

)
ol
2L

w r

ot

find

fu
O |

o,
e
oZ
9#
rlr
M
é
=)
M
m
&
ox.

5l
o3
-
N

T lO 1701' —1m 4
i)
N
o
2oy
I
A

: =
rok
e
2
>
rir
p\w
rlo
Y
H1
1o

& o
ox.
-l ”
¢
2 ri% i
4 2
-2
‘-
2
=
4 =2
%
o M
TR = 1
_@j >
r_O‘ O_>C
=l
A o
2
Olo _Ll
N
ELoogh

A=)

9L >
of
o

o q
-
BN
=

oS oy -
ro o

(]
ox M
jus)
=
ot
|o
fu
{127
>
W
N
N
)
ot
it
In
4
ox

~ oL
e
iy
BN
e
=
o
-
W
|o
t
-

ot [ifﬁ
2 i
He
o3

juie)
S~
>
>
e
£
H
&
L QO
N
N
>
1>~
|
)
2

B~ o
Mr do alo .

o

el

@
> H
poe)
o

o reh N2 Hr kI m
A
m
¥
=
o
il
>,
ol
ol
2
ol
Lo

olr
o
=
=

o]
o
oo
[
OO
g
o
oft
ol
=
=)
ol
2
-
e
H
rir
=
¥
N
ol

tlo
L
BN
pau)
o
fr
T
N
rlr

o}, olo] mjef, 9 A Ex
#p410) hA1 4] WolA L
o}, ol Tejste] ukAel

L o
S gy

s

o
N 2
K

2 of
S~
)
R
o
o i
4 Z 2o
O
2 o & 2

ox rir

ot ol

U

o 1l
|
o
N
)
rir
=
>.
ox.
=
o

o
E
i
_(?L
Sy
=2
Rod
-

¢
)
-
b
ox

=%

2.2 Wi+d =%

= AL FFE 20% o WSS &
7H ofAZE FFEEA, AT ofATE HE
£ AR o] FAbdFA o KS F 2397 AIE &
A7)% BIE 8~15%2 7HAE A4S ZA] A1}
= fAbeh Aag AR w7 E o] EH R

RIAFESTE AFA7)7] 93 HH o8 Al EE 2

2
tlo

in)

H

Ao s vl e
92 38 PG 74-229F 7] 1459] ofATE Hely
£ ARgRi

AT FFA M EAAE B nsERe T

d 5
I} o] 7= QIjE 7ol thul ] ffsf a4
BEAE ALstaL Qlrh o] L&ER oA AREE
= AaZ-led 2EPAL 71E i x24T = o
27 SMAZA-E A o= AH&stn, d&ujeAld
= 7 AAste] I ankE FAA7)AL Al R
A Aol wEw, A AaZ-uled 2%
& 39 @ nnEARAAEN)] A, &
w=7F 71E wiad 2ol vl 3.4dB(A) AFH, F
Tee 9538 w9 ALR YEHT Fig. 12 3
oA AR E = AaZ-uled 24 71E e 2
o] ol & Lrepdl Alojot,

(b) Developed Porous Pavement

(a) Previous Porous Pavement

Fig. 1 Difference of Previous and Developed Porous
Pavement (Drainage)
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Surface(permeable)
Binder(permeable)
Base(impermeable)

Subbase(permeable)

(a) Drainage Pavement Type

Surface(permeable)
Binder(permeable)
Base(permeable)

Subbase(permeable)

(b) Porous Pavement Type

Fig. 2 Comparison between Drainage and Porous
Pavement Type
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Fig. 3 Flowchart for Korea Pavement Design Program
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Construction Site

@ Acceleration Lane(Porous Pavement)
(2 Deceleration Lane(Drainage Pavement)
3 Normal Lane(Dense Grade Pavement)

(a) Construction Site
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(b) Standard Cross Section

Fig. 4 Construction Site Location and Standard Cross
Section
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Table 1. Properties of Pavement Type Alternatives

ltem

Alternative
no. 1

Alternative
no. 2

Alternative
no. 3

Pavement type

Road design level Level 3 Level 3 Level 2
Total 30 27 46
Surface 5 5 5
Pave .
vert | re |- - 0
depth
(cm) | Base 10 7 15
course
Subbase 15 15 20
Surface |Porous asphalt|Porous asphalt| Porous asphalt
Binder Porous asphalt
- - (Dense grade
course
asphalt)
Material
Base Porous asphalt| Porous asphalt
Crushed stone | (Dense grade | (Dense grade
course
asphalt) asphalt)
Granular Granular Granular
Subbase ) ) .
material material material
- Very good - Bad
Economy (Asp minimum - Good (Asp maximum
quantity) quantity)
- Lab test bad ‘Labtestgood | -Lab test very
(5cm cored asp|(i2cm cored asp| good
Research payement) pa\{emenl) (Total cored asp
- Site test good | - Site Test Good | pavement)
development ’
- Site test good
(Describe highway
pavement)
Application of
construction Good Good Good
equipment
Bad Not bad
Maintenance | |nitial failure of pavement because Good

of heavy traffic for construction

Construction

application
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(b) Porous Pavement

Fig. 5 Sectional Detail Drawing

50

International Journal of Highway Engineering - Vol.20 No.3



=
10
ol
>
o2
ox i
2
lo
B
2
ox

>
Ehd
2
o2

Table 2. Korean Material Quality Standards for Porous
Pavement

(a) Asphalt binder
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ol AHEE= PG 82-222A], Zg] ulAE
N obAZE HRRIEE ARSI A= 0.4mmA|
£ g 24l tiste] HAdEHA, 2T AES A
AP u’H Hl/golofof shr, zhE 9] MY AIE S

07 53] AANFS f FFHAE7E 10% ©]5to]
CEe A MR AR, SmmAo
Aol A HBF T —'%ZHE 10% 0|4} 3H4-3}] orofof
*oﬂﬁ e A 9%
o] 2] 7] wjitol & 7

R

[e] o
= =
ltem Test method Standard 9] AT E Lo]3}1A _‘7_7] 918 24 2mm~5mm
(zsozquggt'%zec) KS M 2252 40 Over e HEg gyt B, AL Feuzh 1%
» P09, o3l AL AFREE Fr} Table 2= & AFolA] A}
Softening point(T)| KS M 2250 70 Over a3 Azl A7 2S Lehdct
Rate of mass
change after 0.6 Under 4.3. OIAZE =28E ALHAIAE
heating thin
films(%) KS M 2259 FA 9ol 2o AHEE e wigEA 9
Rate of penetration AUWAIE 7| F0) uksfof sttt} & Lo Al upik 1:]-
after heating thin 65 Over B _
iy Aol of) ofABE ERES ARtslo] AUATL
Toughness o o $on, of Znzie BPEY HUNLRE 4
(kgf - cm) (S F ous L 3 dAo =3 Table 32 ZWHE vghS ¢
Tenacity 150 Over 3 B ol ATE 33150 Z A7 2L Uehdich
(kgf - cm)
V:SCOSIt_y KS M 2247 200,000 Over Table 3. Quality Standards for Porous Pavement
(60°C, Poise)
PG KS F 2389 82-22 Standard ltem Test | Standard
method
(b) Coarse aggregate The number of KS F Soth <ides 50
ltem Test method Standard marshall compaction| 2337
85 Over T KS F
9 Porosity(%) 20+0.3
Fracture surface(%)| KS F 2541 (Over 2 surface) 2397
Absorption rate(%)| KS F 2503 3.0 Under - . |Cantablo| 20C KSF | 20 Under
Mix design 5
Abrasion test -20C 2492 30 Under
tage(%) KS F 2508 35 Under KS F
percentaget’o Moisture resistance | o0 0.85 Over
. 12 Under
Stability(%) KS F 2507 ) )
yire (Sodium thiosulfate) Dynamic stability 23?75 3,000 Over
Flat a_n:j elong(a;e)d KS F 2575 10 Under Permeability test KS F 0.01 Over
particles rate(% in lab 2494 .
Aggregate coating Performance Cit In 400ml/10sec
area(%) KS F 2355 95 Over quality Permeability y KSF b«
_ _ test in site | R0ad | 2394 In
(c) Mineral filler way 1,000ml/15sec
[tem Test method Standard
Plasticity index KS F 2303 6 Under 2|2 ofAZE e EEot SdEA Y FAEUE
Flow test(%) 50 Over 71E WESH] s A7HE Alds AAEY AV
Flood expansion(%) KS F 3501 3 Under Al Al P EE UtESte F2E0] 20+0.3%= &
Peel resistance 0.25 Under A= vjghS A 51 _r]s}] 13mm, 10mme #& =

S=E28ts =27 - M208 M3s 51
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Table 4. Sieve Test for Mix Design of Porous Asphailt

Mixture
Separate gradation

Sieve | 13 | 10 | 7 |[Filler| 13 | 10 | 7 | Filler
size mm [ mm |mm| (F) |[mm|mm|mm| (F)
25 100 | 100 [100 | 100 | 31 | 45 | 20 4
19 100 | 100 [100 | 100 | 31 | 45 | 20 4
13 91.0 | 100 | 100 | 100 |28.2| 45 | 20 4
10 38 [933|100| 100 [1.2] 42 | 20 4

5 0.3 1.7 |87.9| 100 | 0.1| 08 |176| 4
2.5 0.3 | 0.6 |59.4| 100 [01]03|119| 4
0.6 0.3 | 0.6 |287| 100 |[01]03 |57 | 4
0.3 0.3 | 0.6 [20.6| 100 |0.1] 03| 41| 4.0
0.15 03 | 06 (128|977 | 01|03 |26 | 39
008 | 03 | 06 |96(829|0.1]|03]| 19| 33

Combined gradation

Sieve | Combined | Limited Standard limit
size | gradation | gradation Sliels

25 100 100 0.0 100

19 100 100 0.0 100

13 97.2 92 52 92

10 67.2 62 52 62

5 225 10 12.5 10

2.5 16.3 12.5 3.8 4

0.6 101 10.0 0.1 3

0.3 85 75 1.0 3

0.15 6.9 5.0 1.9 2
0.08 5.6 4.5 1.1 2

Table 5. Results for Asphalt

Mixture Mix Design
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Table 6. Roller Application for Porous Pavement
Compaction

1*Compaction [2"°Compaction|3“Compaction

Roller type Macadam Macadam Tandem
Machme 12 Over 12 Over 8 Over

weight(ton)

Compaction on3 45 {~p
number
Paving 140~160 | 110~140 60~80

temperature(’C)

Asphalt| Thick Mass Dia Area Nolume Densnay
No |content| ness meter (g/cm?’)
(%) | (mm) (9 (mm) | m®) | (en?) | Real |[Theory
1 68.1 | 10953 | 1016 | 81.0 | 551.8 | 1.98
2 530 685 | 10957 101.5 | 80.9 |554.0| 1.97
3 ' 683 | 10958 | 101.6 | 81.0 [5534| 1.98
Aver 198 | 2.46
) .| Cant | Tensile .
AP Vo |y L Drain o | strength | DYeMC
volume | ratio down stability
No loss rate
1 I
e | @ | | % | | DY Nosmm
freeze
1 10.1 194 | 342 | 011 | 6.80 0.91 1192
2 10.1 197 1339 | 013 | 730 | 093 1433
3 10.1 196 | 340 | 0.09 | 720 0.90 4212
Aver 196 | 340 | 0.1 7.1 0.91

Paving

velocity(km/h) a7 at a7
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(a) Asphalt Mixing Plant

(b) Pavement of Porous Asphalt

Fig. 6 Pavement Construction
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(a) Final Construction Site

(b) Pavement Surface

Fig. 7 Complete of Paving Porous Asphalt Pavement
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(a) Microphone Installation

(c) NCPX Testing

Fi

g. 8 NCPX Test for Detecting Friction Noise
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ON N

| CPB
J

_|)~

[dB(4)/20,0u Pa]

Autospectrum(Signal 1) = Input
Pulse Time : Input : Input : CPB Analyzer _—

J_*J;

a5 8 1% % 50 1k % i ik 1k
[Hz]

Fig. 9 Example of CPB Frequency Analysis

Table 7. Results of NCPX Traffic Noise Test (dB(A))

Pavement Velocity Test 1.|Test 2.|Test 3.| Aver
type | (km/h)
30 80.8 | 766 | 814 | 79.6
Porous
40 851 | 85.3 | 839 | 848
Traffic ) 30 837 | 839 | 852 | 843
) Drainage
opening 40 87 879 | 887 | 879
30 859 | 859 | 871 | 86.3
Normal
40 89.6 | 90.5 | 89.4 | 89.8
30 826 | 831 85 83.6
Porous
40 86.4 87 86.2 | 86.5
After ) 30 876 | 839 | 821 | 845
Drainage
1 month 40 89.5 89 88.3 | 889
30 879 | 888 | 831 | 883
Normal
40 94.6 90 91.8 | 921
30 84 822 | 852 | 838
Porous
40 867 | 883 | 874 | 875
After ) 30 86 82.8 86 84.9
Drainage
2 month 40 89.2 | 90.4 | 89.6 | 89.7
30 885 | 879 | 89.2 | 885
Normal
40 927 | 926 | 921 | 925

3
A 2SS AFIste] AWAIES HAISHA] ¢hat
) < FWD(Falling
Weight Deflectometer)& = Aot} /\]f‘*‘—?ﬂ
L wEo] futE L7to 2 A HA oA Hot w2
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Table 8. Results of Site Test for Pavement Strength
using LFWD (Mpa)

£ AAF Fig. 112 E54 A9
1, Table 9 744 B7}l diet 2

mlo
[T
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_OIL
rlr
H
i)
e

AT_I‘
i
o
29
i

PEMCIiLEh Test 1. | Test 2. | Test 3. | Aver
type
. Porous 535 543 537 538.3
Traffic 1y inage | 692 | 650 | 701 | 681.0
opening
Normal 1079 1005 961 1015.0
Porous 469 481 489 4797 Fig. 11 Pavement Permeability Test Equipment
1ﬂirth Drainage | 547 | 559 | 525 | 5437
Normal 1090 1043 1090 1074.3 Table 9. Results of Site Test for Permeability (SeC)
Porous 331 337 327 3317
After - Pavement Test 1. | Test 2. | Test 3. | Aver
2 month Drainage | 305 299 300 | 301.3 type
Normal | 1072 | 1051 | 1068 | 1063.7 Traffic Porous | 85.65 | 85.11 | 86.77 | 85.84
opening | Drainage | 54.42 | 5594 | 5291 | 54.43
After Porous | 8282 | 77.97 | 79.52 | 80.10
1 month Drainage | 62.50 | 50.63 | 51.68 | 54.94
After Porous | 8753 | 79.37 | 80.48 | 82.30
2 month | Drainage | 47.68 | 4454 | 54.42 | 4854
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Table 10. Relative Performance Exercitation Rate (%)

ltem Condition REEING
performance(%)
30km/h 5.90
Traffic opening
40km/h 3.66
Traffic noise 30km/h 1.08
After 1 month
(dB(A)) 40km/h 2.77
30km/h 1.31
After 2 month
40km/h 2.51
Pavement Traffic opening 26.50
strength After 1 month 13.34
(Mpa) After 2 month -9.14
Traffic opening 57.71
Permeability After 1 month 45.80
(ml/sec)
After 2 month 69.55

NCPXAIH 23, 874 & 28714 57t S7F
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