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Suspended solids (mg/L) refer to small solid particles which 
remain in suspension in water as a colloid or due to the motion of 
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Vibrating forceVibrating force

Vibrating swingVibrating swing

Vibrating FrequencyVibrating Frequency

7KN7KN

0.957mm0.957mm

30Hz30Hz

Vibrating timeVibrating time 2.5min2.5min

Test method Vibrating Vibrating 
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Figure1: Structure of permeable pavement
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Table1: Gradations of different layers

Materials  composition ４.1

Gradation

Air 
voi 
d

/%

seize/mm cumulative passing percentage / %

26.5 19.0 16.0 13.2 9.5 4.75 2.36 1.18 0.6 0.3 0.15 0.07 
5

Continuou 
s 

Gradation 
of HMA

26. 
2 100 72 60.2 48.5 34.7 15.6 9.1 7.7 5.8 3.6 1.6 0

Gap 
Gradation 
of HMA

20. 
2 100 100 100 50 50 25 25 13 13 5 5 5

Cement 
Stabilized 
Aggregate

21. 
8 100 89.7 80.8 61.7 29.3 0 0 0 0 0 0 0

Tests and results 
discussion



Table 2: The removal rate of pollutant through different layers

Tests and results 
discussion

Structure 
layer Material Compaction

method Air voids/%
Removal  rate / %
COD SS

Permeable 
surface

Continuous 
gradation vibrating 26.2 21.74 62.82

Gap 
gradation vibrating 20.2 53.62 64.77

Permeable 
base

Cement 
stabilized 
aggregate

vibrating 21.8 47.83 62.04

Reservoir 
bed

Single size 
aggregate

/13.2mm
loose 42.1 42.03 -40.43

Filtration 
layer

Sand-gravel
/4.75mm loose 40.8 36.78 -95.06

Efficiency in Removal Pollutants of Structure Layers4.2



Efficiency in Removal Pollutants of Structure Layers

Figure 2: Materials and air voids

Illustrating: (1) the materials of permeable surface and 
base compacted by vibrating compaction have the similar 
air voids, about 20%-25%.

(2) The materials of reservoir bed and filtration layer piled 
by loose condition have the similar air voids, about 40%.

4.2



Figure 3: Materials and removal rate of COD

For permeable surface and base, the air voids are similar (from 26.2 
% to 21.8 %), while the removal rates of COD are quite different 
(from 21.7 % to 47.8 %). 
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Efficiency in Removal Pollutants of Structure Layers

Illustrating:
The removal of the COD depends on the filtration and absorption of 
porosity, which is greatly influenced by the pore characteristics, 
while less influenced by the component materials. Thus, the pore 
characteristics of asphalt mixtures are the key to design the 
permeable pavement.
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Figure 4: Materials and removal rate of SS

Efficiency in Removal Pollutants of Structure Layers

For permeable surface and base, the air voids are similar (from 26.2 
% to 21.8 %), the removal rates of SS are equivalent (62.8 % - 
62.0%）.

For loose reservoir bed and filtration layer, the air voids of crushed 
stone and sand-gravel are similar. The removal rates of SS are negative. 
The reason is that the materials are dirty, including sand, mud and so 
on. When the water samples pass through the structure layers, 
companying with small particles of sand and mud, the suspended 
solids in the water sample are increased. The values of SS become 
greater, the removal rates of SS are negative.

4.2



Efficiency in Removal Pollutants of Structure 
Combinations

4.3

Table 3: The removal rate of pollutant through different layers combination

Structure layer Material
COD SS

Value
(mg/L)

Removal 
rate /%

Value
(mg/L)

Remova 
l rate /%

Permeable 
surface+ permeable 

base

Continuous 
gradation of HMA+ 
Cement stabilized 

aggregate

101.7 43.48 2567.6 35.81

Gap gradation 
of asphalt mixture+ 
Cement stabilized 

aggregate

79.9 55.62 2418.8 39.53

Reservoir bed+ 
Filtration layer

Single size 
aggregate+sand- 

gravel
96.8 46.20 8328.4 -108.21

Reservoir bed+ 
Filtration layer

Single size 
aggregate+sand- 

gravel+fiber
63.5 64.72 1980.2 50.49

Water sample —— 180 —— 4000 ——



Efficiency in Removal Pollutants of Structure 
Combinations

4.3

Figure 5: the removal rates of COD of structure compositions

Illustrating: the removal rate of COD of the structure combination is 
not accumulated by the removal rate of individual structure layers, 
being equivalent to the structure layer having higher removal rate of 
COD.

0

5

10

15

20

25

30

35

40

45

50

r
e
m
o
v
a
l
 
r
a
t
e
 
o
f
 
C
O
D
/
%

continuous asphalt cement aggregate asphalt+cement

0

5

10

15

20

25

30

35

40

45

50

r
e
m
o
v
a
l
 
r
a
t
e
 
o
f
 
C
O
D
/
%

single seize sand-gravel single+gravel



Efficiency in Removal Pollutants of Structure 
Combinations

4.3

Figure 6: The removal rates of SS of structure compositions

Illustrating: the removal rate of SS of the structure combination is lower 
than the removal rate of individual structure layers. The reason is that the 
small particles increase with the thickness of structure. The small particles 
will flow with water sample leading to increase the value of SS and decrease 
the removal rate of SS. It is further evident that the degree of removal rate 
is relative to the clean degree of materials in loose reservoir bed and 
filtration layer. In order to improve the water quality, fibers can be used 
under the filtration layer to retain the suspended solids effectively.
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ConclusionConclusionConclusion

Although the materials of different structure layers are quite different in the permeable 
pavement, they all have certain removal effect on COD. The test results indicate that the 
organic pollutants stay in the pore structure of the permeable pavement through filtration, 
absorption and block. The porous structure of permeable pavement acts as a filter of the storm 
water and pollutants can be filtered out as the water flows through the pores. The permeable 
pavement can improve the runoff quality.

Mixtures of permeable surface and base have been wrapped by binder and have better space 
network structure, which make suspended solid to stay in the inner pore structure, exhibiting 
the better removal rate of SS. While, there are some small particles (mud and dust) in the loose 
reservoir bed and filtration, so the suspended solids increase when water sample flows through 
the structure layers, exhibiting the removal rate of SS is negative.  

1

2

The removal rate of COD of the structure combination is not accumulated by the removal rate 
of individual structure layers, being equivalent to the structure layer having higher removal 
rate of COD. The removal effect of structure combination is determined by the removal effect 
of individual structure and combining mode. The removal rate of SS of the structure 
combination is lower than the removal rate of individual structure layers. 

3



ConclusionConclusionConclusion

Permeable pavement structures have better removal effect on organic pollutant in the runoff, 
while increasing the content of the suspended solid. The organic pollutants have greater 
influence on water quality than suspended solids, so it can be derived that permeable 
pavement has the efficiency on control runoff pollutants. Fibers can be used in the subbed 
course to filtrate the suspended solids to purify the groundwater further.

The water quality improvements suggest that the permeable pavement is an effective best 
management practice for treating highway storm-water runoff, as the SS removal is more than 
50 % and the COD removal is more than 60 %. The significant advantage of APP is that storm- 
water treatment is incorporated into the pavement structure itself and does not require  
additional right-of-way to site a structural best management practices (BMP).

4

5

It is just a beginning to study permeable pavement for control runoff pollutants, in order to 
apply the permeable pavement widely, the mechanism of pore structure controlling runoff 
pollutants should be researched deeply, which will benefit to carry out material and structure 
design definitely.
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