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,e self-designed indoor simulated rainfall device was used to rain on five types of pavement structures with 4 types of rainfall
intensity (2.5mm/min, 3.4mm/min, 4.6mm/min, and 5.5mm/min). ,e effect of rainfall intensity on the surface runoff, the
relation between the subgrade soil moisture content changes, and the influence of initial soil water content on rain infiltration rate
are studied. ,e test results show that the surface runoff coefficient of densely asphalted pavement is greater than 90% in drainage
pavements and it has little influence on the reducing and hysteresis of the flood peak. ,e surface runoff coefficient of large-void
asphalt pavement (permeable) is less than 40%. Although the large-void asphalt pavement (permeable) can reduce a small amount
of surface runoff, it has no obvious effect on the reduction and hysteresis of the flood peak. In semipermeable pavement, with the
increasing of the thickness of base (graded gravel), the surface runoff coefficient decreases at different rainfall intensities, parts of
the surface runoff are reduced, and the arrival of flood peaks is delayed. In permeable roads, almost no surface runoff occurred. As
time continued, the soil moisture content quickly reached a saturated state and presented a stable infiltration situation under the
action of gravity and the gradient of soil water suction. As the initial moisture content increases, the initial infiltration rate
decreases and the time to reach a stable infiltration rate becomes shorter. ,e drier the soil, the greater the initial infiltration rate
and the higher the soil moisture content after infiltration stabilization. Permeable roads can greatly alleviate the pressure of urban
drainage and reduce the risk of storms and floods.

1. Introduction

According to China’s National Bureau of Statistics, China’s
urbanization rate had reached 57.35% in 2016 [1]. ,e
densely asphalted road surface has increased significantly.
During rain and snow, the accumulated water on the road
surface causes serious inconvenience to pedestrian travel
and vehicle driving. In the case of heavy rainfall, a large
surface runoff will occur, increasing the drainage burden of
the urban pipe network [2]. In addition, due to lack of
rainwater penetration, groundwater is not effectively
supplied, and many cities face severe water shortages and
droughts [3, 4]. Since 1970, the United States, the United

Kingdom, and Australia have successively developed a
series of technologies to control urban runoff and intro-
duced a series of rainwater management plans and
guidelines [5–16].

Since October 2014, China has put forward the devel-
opment strategy of “sponge city” urbanization on the basis of
summarizing the concept of rainwater control in foreign
cities. A series of policies and technical guidelines were
issued.

At present, researchers are focusing on the effects of
surface runoff control on permeable pavement structures
(drainage pavements, semipermeable pavements, and per-
meable roads) [1–5].
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Zhu [1] used storm water management model (SWMM)
software to simulate the effects of different permeable
pavement structures under different rainfall conditions on
reducing surface runoff and controlling flood peaks. Guan
[2] simulated the variation of surface runoff and soil
moisture content in the subgrade of permeable roads. Xu
[17] studied the relationship between rainfall and runoff in
the area under four different underlying conditions by
distributed water stability model. Cai [18] used SWMM to
simulate the runoff and drainage condition under different
rainfall conditions in Guangzhou. Zhao [19] studied the
rainfall runoff model and runoff reduction of permeable
asphalt pavement. ,e results show that the thickness of the
pavement structural layer, the initial soil moisture content,
and the saturated moisture content have a greater influence
on the permeable function of the pavement.

However, it is not enough to study the comparative
effects of three permeable pavement structures on urban
rainwater surface runoff. ,e correlation between the base
layer thickness and surface runoff and the change of soil
moisture content in roadbed with time need to be studied
further.

In order to study the influence of three types of per-
meable pavement structures on urban rainwater surface
runoff, four types of artificial rainfall intensity (2.5mm/min,
3.4mm/min, 4.6mm/min, and 5.5mm/min) will be used to
study five types of pavement structure section types used by
self-designed indoor simulated rainfall device. Furthermore,
the effect of base layer thickness on surface runoff, the re-
lationship between soil moisture content and time, and the
influence of initial soil moisture content on rainwater in-
filtration rate were analyzed.

,e objective of this study is to provide more theoretical
basis for the application of permeable pavement structure
and theoretical support for the “sponge city.”

2. Road Conditions

Urban roads are generally composed of traffic lanes, bicycle
lanes, and sidewalks. ,ese three types of roads have dif-
ferent requirements on traffic load and the distribution of
drainage facilities.

Traffic lanes are mainly bearing urban traffic loads, while
structural mechanics index and durability should also meet
the requirements of traffic load except reducing the surface
runoff. ,erefore, the drainage road is adopted.

,e load of bicycle lanes is smaller than that of traffic
lanes, so semipermeable pavement is adopted. And the load
of sidewalks is the least, while permeable road is adopted.
,e pavement lane distribution diagram is illustrated in
Figure 1.

3. Rainfall Design

Four types of rainfall intensities were obtained from the
average annual rainfall intensity in Huangdao District of
Qingdao City in Shandong Province in China in recent
years, which were 2.5mm/min, 3.4mm/min, 4.6mm/min,

and 5.5mm/min, respectively, whose rainfall time was all
lasting for 120min.

,e relationship between cumulative rainfall and rainfall
duration is shown in Figure 2.

4. Pervious Pavement Structure

According to the technical specification of permeable asphalt
pavement (CJJ/T190-2012) [20], the structures of drainage
pavement, semipermeable pavement, and permeable pave-
ment were studied, respectively.

In the drainage pavement structure, large-void asphalt
mixture was only used for surface layer. Impervious asphalt
material or asphalt sealing coating was used on the base
layer, and rainwater was discharged from the surface of the
sealing layer without penetrating below the base layer. ,is
approach is generally applied to the roadway as shown in
Figure 3.

In the semipermeable pavement structure, the surface
layer adopted large-void asphalt mixture. ,e base layer
adopted permeable graded gravel, and the cushion layer
adopted medium sand. ,is kind of pavement structure is
generally applied to the bicycle lanes, as shown in Figure 4.

In the permeable roads structure, the surface layer
adopts large-void asphalt mixture. ,e base layer adopted
permeable graded gravel, and the cushion was generally
made of medium sand, while subgrade was made of sand
with better permeability. ,is kind of pavement structure
was generally applied to sidewalks as shown in Figure 5.

Polypropylene fiber can be used in cement-based ma-
terials to improve the toughness and anticracking perfor-
mance of the matrix composite [21–23]. But, polypropylene
fiber cannot bear high temperature, while basalt fiber not
only can improve the material’s bending resistance [24] but
also can bear high temperature in asphalt concrete. So, basalt
fiber is very suitable for use in large-void asphalt concrete.

As shown in Figures 3–5, the surface layer used a large-
void basalt fiber asphalt mixture, whose void ratio was
19.3%. Its permeability coefficient was 3.35×10−2 cm/s and
the transverse slope of the surface layer was 2%.

,e base layer was made of graded crushed stone, whose
void ratio was 38%. In order to reduce the surface runoff of
the large-void asphalt pavement, the base layer thickness was
not less than 15 cm.

,e cushion layer used medium sand with a particle
size of 1.3mm, and its permeability coefficient was
2.4×10−3 cm/s.

,e soil foundation used sandy soil and the soil per-
meability coefficient after compaction was 1× 10−3 cm/s.

When the basalt fiber content was 0.3%, the indicators of
each road performance reach the optimum. ,e test results
are shown in Table 1.

5. Artificial Simulated Rainfall Experiment

5.1. Experimental Device. ,e artificial rainfall equipment
was composed of test chamber, storage bucket, pump, water
meter, and sprinkler.
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As shown in Figures 6(a) and 6(b), the length, width, and
height of the test chamber were 90 cm, 90 cm, and 100 cm,
respectively. ,e one side of the test chamber shall be in-
stalled with transparent glass to observe the wetting front,
and the box shall be paved with large-void asphalt pavement
structure layer (surface layer, base layer, cushion layer, and

subgrade). ,e other three sides of the box were provided
with a certain number of drainage holes in order to collect
surface runoff and the water discharged from the surface of
the impervious sealing coating. ,ere were drainage holes at
the bottom of the box to collect the amount of rainwater
seepage from the roadbed.

,e water in the bucket was sent to the sprinkler by
pump as shown in Figure 6(c). In order to simulate different
rainfall intensities, the tee at the outlet of the pump was
connected.

One pipe (Figure 6(c)-1) provided water and the other
pipe (Figure 6(c)-2) controlled the different rainfall intensity
by a valve in the water pipe.
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Figure 1: Pavement lane distribution.
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Figure 2: ,e relationship between cumulative rainfall and rainfall
duration.
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Water meters were used to record the amount of water
passing through. ,e sprinklers were made of plastic, whose
length, width, and height were 90 cm, 86.5 cm, and 15 cm,
respectively.

In order to monitor the occurrence and ending time of
surface runoff and surface runoff values under different
rainfall intensities, a certain number of drainage holes were
dug at a position that was parallel to the surface layer to

Table 1: ,e indicators of large-void basalt fiber asphalt mixture (fiber content was 0.3%).

,e indicators of performance test Test results
High-temperature rutting experiment Dynamic stability (time·mm−1) 4091
Freeze-thaw splitting test Splitting tensile strength (MPa) 0.60

Low-temperature bending test (−10°C)
Bending strength (MPa) 10.75

Maximum bending strain (με) 4957
Bending stiffness modulus (MPa) 2172

Uniaxial compression experiment Compressive strength (MPa) 4.50

(a) (b)

(c) (d)

(e) (f )

Figure 6: Artificial rainfall experiment device, (a) test chamber, (b) the bottom of test chamber, (c) pump, (d) rainfall equipment, (e) impact
tamping, and (f) moisture tester.
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collect rainwater from the surface runoff. ,e drainage hole
diameter was 0.07 cm, who was dug at intervals of 3 cm. ,e
water in each drainage hole can be collected into the same
container through the surrounding sinks as shown in
Figure 6(d).

In order to monitor the starting time, ending time, and
seepage flow of different rainfall intensities, the water
penetrated to the bottom of the pavement structure was
collected in a collection container and determined by
measuring the amount of water in the container. ,e arti-
ficial rainfall experiment equipment and devices are shown
in Figure 6.

5.2. Experimental Process. ,e artificial simulated rainfall
experimental device was used to test 5 types of structural
section. ,e pavement structure is shown in Table 2.

In order to measure the change of soil water content
during and after rainfall, 4 soil moisture analyzers were
embedded in the soil to measure the soil water change at
different depths. ,e layout diagram is shown in Figures 7
and 8.

6. Analysis of Experimental Results

6.1. Drainage Pavement (Travel Lane). Artificial rainfall
experiments were performed on the 1 and 2 cross-section
types by using 4 types of rainfall intensity (2.5mm/min,
3.4mm/min, 4.6mm/min, and 5.5mm/min).

,e expression of surface runoff coefficient is shown in
the following formula:

surface runoff coefficient �
surface runoff
total rainfall

× 100%. (1)

,e surface runoff and surface runoff coefficient are
shown in Table 3.

,e structural section of types 1 and 2 is shown in Figure
9; as the rainfall intensity was 4.6mm/min, the runoff of
rainwater lasted for 60 minutes.

As can be seen from Figure 10(a), when dense asphalt
mixture was used as the surface layer, almost all the rain-
water was discharged from the slope surface of the road
surface and formed surface runoff.

As can be seen from Figure 10(b), when the large-void
asphalt mixture was used as the surface layer, only a small

Table 2: Different pavement structure section types.

Number Sectional type of pavement structure
1 Dense asphalt mixture surface layer 5 cm+base layer 30 cm+ cushion layer 8 cm+ subgrade 50 cm
2 Large-void asphalt mixture surface layer 5 cm+base layer 30 cm+ cushion layer 8 cm+ subgrade 50 cm
3 Large-void asphalt mixture surface layer 5 cm+base layer 25 cm+ cushion layer 8 cm+ subgrade 55 cm
4 Large-void asphalt mixture surface layer 5 cm+base layer 20 cm+ cushion layer 8 cm+ subgrade 60 cm
5 Large-void asphalt mixture surface layer 5 cm+base layer 15 cm+ cushion layer 8 cm+ subgrade 65 cm
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Figure 7: Schematic diagram of moisture analyzer layout.

Figure 8: Moisture tester layout.
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part of the rain water was discharged from the slope surface
of the road surface and formed surface runoff.

Under the conditions of different rainfall intensity, the rela-
tionship between the surface runoff and the rainfall duration is
shown inFigures 9 and 11 about the structure section types 1 and 2.

As can be seen from Figure 11, the porosity of the dense
asphalt mixture was 4% and the surface was almost im-
permeable. When the rainfall lasted for 5 minutes, the

corresponding surface runoff was 5mm, 9mm, 16mm, and
22mm corresponding to the rainfall intensity with 2.5mm/
min, 3.4mm/min, 4.6mm/min, and 5.5mm/min. When the
rainfall lasted for 120 minutes, the corresponding surface
runoff was 277mm, 380mm, 520mm, and 630mm and the
corresponding surface runoff coefficients were 92.3%, 93.1%,
94.2%, and 95.5%. And the rainwater almost flowed into the
water tank.

Table 3: Surface runoff coefficients at different rainfall intensities.

Structural
section type

5.5mm (min) 4.6mm (min) 3.4mm (min) 2.5mm (min)
Surface
runoff
(mm)

Surface runoff
coefficient (%)

Surface
runoff
(mm)

Surface runoff
coefficient (%)

Surface
runoff
(mm)

Surface runoff
coefficient (%)

Surface
runoff
(mm)

Surface runoff
coefficient (%)

1 630 95.5 520 94.2 380 93.1 277 92.3
2 240 36 160 29 50 12 9 3
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Figure 9: Large-void asphalt pavement.
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Figure 10: Rain intensity 4.6mm/min (when the rainfall lasted 60min). (a) Structural section type 1. (b) Structural section type 2.
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As can be seen from Figure 9, when the rainfall intensity
was 2.5mm/min and the rainfall lasted for 99 minutes,
surface runoff began to occur. When the rainfall lasts for 120
minutes, the surface runoff was 9mm, and the rest of the
rainwater penetrated into the impermeable sealing coating
and flowed into the tank through the drainage hole.

When the rainfall intensity was 3.4mm/min and the
rainfall lasted for 70 minutes, surface runoff began to be
generated. When the rainfall lasted for 120 minutes, the
surface runoff was 50mm.

When the rainfall intensity was 4.6mm/min and the
rainfall lasted for 40 minutes, surface runoff began to be
generated. When the rainfall lasted for 120 minutes, the
surface runoff was 160mm.

When the rainfall intensity was 5.5mm/min and the
rainfall lasted for 20 minutes, surface runoff began to be
generated. When the rainfall lasted for 120 minutes, the
surface runoff was 240mm.

,e corresponding surface runoff coefficients of the four
rainfall intensities were 0.03, 0.12, 0.29, and 0.36. With the
increasing of rainfall intensity, the surface runoff coefficient
gradually increased, and the generation time of surface
runoff was also earlier.

,e reason for this phenomenon can be analyzed by the
flow generation mechanism of large-void asphalt pavement
as shown by part 6 in this paper. ,e experiment shows that
the large-void asphalt pavement can greatly reduce the
surface runoff compared with dense asphalt pavement.

6.2. Semipermeable Road (Bicycle Lane). Four types of
thickness of 30 cm, 25 cm, 20 cm, and 15 cm (corresponding
to pavement structure section types 2, 3, 4, and 5) were used

to study the influence of the base layer thickness on surface
runoff.

According to the experimental data in Table 4, when the
rainfall intensity was 5.5mm/min, the surface runoff coef-
ficients were 5%, 13%, 20%, and 26% corresponding to the
base layer thickness of 30 cm, 25 cm, 20 cm, and 15 cm.
,erefore, as the increase of the base layer thickness, the
surface runoff can be effectively reduced.

,e permeability of the cushion was relatively small so
that was used as the base layer. When the rainfall intensity
was relatively high, the rainwater that penetrated from the
surface layer of the large-void asphalt pavement cannot be
discharged in time, while the base can temporarily store
rainwater, so as to reduce the surface runoff.

,e surface runoff was closely related to the thickness
and voids of the base.

When the rainfall intensity was 2.5mm/min, no surface
runoff occurred on the 4 thickness pavement layers. So, the
surface runoff coefficient was greatly affected by the thick-
ness of water storage reservoir and rainfall intensity.

6.3. Permeable Road (Sidewalk). ,e variation of soil
moisture content with rainfall intensity in the soil foun-
dation and the effect of initial soil moisture content on
rainwater infiltration were studied by four types of rainfall
intensity of Section 2 pavement structure. ,e experimental
results are shown in Table 5.

,e surface runoff was 30mm, when the rainfall in-
tensity was 5.5mm/min and the rainfall lasted for 120min,
while the surface runoff was 5mm, when the rainfall in-
tensity was 4.6mm/min and the rainfall lasted for 120min.
,e rainfall intensity was 3.4mm/min and 2.5mm/min,
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Figure 11: Dense asphalt pavement.
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respectively; there is no surface runoff during 120min
rainfall.

As the rainfall continued, the large-void asphalt pave-
ment structure tended to saturate and the rain began to
penetrate from the subgrade. So, the amount of rainwater
stored in the pavement was the difference between the
rainfall and the permeability amount of the soil. ,e rela-
tionship between storage under various rainfall intensities
and time is shown in Figure 12.

As can be seen from Figure 13, when the rainfall intensity
was 5.5mm/min, the infiltration started after 42 minutes. All
the rainwater fallen was stored in the pavement structure
during 42 minutes. As rainfall continued, the rainwater
penetrated from the roadbed was less than the rainfall and
the rainwater storage capacity of the pavement structure.
,e rainfall lasted more than 14 hours from start to the end
of the infiltration, and the infiltration rainfall was 535mm.

When the rainfall intensity was 4.6mm/min, the infil-
tration started from 54min. As the rainfall continued, the
rainwater penetrated from the roadbed was less than the
rainfall and the rainwater storage capacity of the pavement
structure just like 5.5mm/min. ,e rainfall lasted more than
14 hours from start to the end of the infiltration, and the
infiltration rainfall was 438mm.

When the rainfall intensity was 3.4mm/min and
2.5mm/min, the infiltration started from 67 minutes and 83
minutes, respectively. ,e rainfall lasted more than 14 hours
from start to the end of the infiltration, and the infiltration
rainfall was 294mm and 190mm, respectively.

With the decreasing of rainfall intensity, the infiltration
start time was delayed, and the soil infiltration became
slower. It can also be seen from Figure 13 that the final water
storage capacity of the pavement structure was the same
under different rainfall intensity, when the pavement
structure section type was the same.

As can be seen from Figure 13, the relationship between
infiltration start time and the intensity of rainfall is as follows:

y � 1.1x
2

− 21.7x + 130.2. (2)

Adjusted R-square� 0.984, x is rainfall intensity, mm/
minute; y is infiltration start time, minute.

Within a certain rainfall intensity, the infiltration rate
increases with the increasing of rainfall intensity.

,e soil moisture in the early stage was constant and the
amount of rainwater accumulated in a short period will
change with the rainfall intensity, so that the pressure on the
roadbed will be different, resulting in different rainwater
infiltration rates. With the increase of rainfall, the speed of
rainwater infiltration in the subgrade also increased and the
infiltration start time was earlier.

6.4. 7e Analysis of Changes in Soil Moisture Content.
Soil infiltration played an important role in the water cycle,
which had great significance to the water resources, agricultural
irrigations, and hydrological environment. Soil water infiltration
was a dynamic process of water distributed in soil, so the change
of soil water will affect the soil infiltration process [25–30].

6.4.1. During the Artificial Raining. According to Yanbin
Guan’s research on soil surface laminar flow [2], it was easy
to meet the conditions for surface laminar flow formation,

Table 5: Surface runoff coefficients at different rainfall intensities.

Structural
section type

5.5mm (min) 4.6mm (min) 3.4mm (min) 2.5mm (min)
Surface
runoff
(mm)

Surface runoff
coefficient (%)

Surface
runoff
(mm)

Surface runoff
coefficient (%)

Surface
runoff
(mm)

Surface runoff
coefficient (%)

Surface
runoff
(mm)

Surface runoff
coefficient (%)

2 30 5 5 1 0 0 0 0
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when the soil texture had obvious stratification. Rainwater
penetrated into the surface layer of the ground and flowed
into the lower flow channel after flowing transversely, whose
velocity was slower than surface runoff. And the seepage law
of the large-void asphalt pavement structure was similar to
the above.,e relationship between the soil water content in
each layer and time under a rainfall intensity of 5.5mm/min
is illustrated in Figure 14.

As can be seen from Figure 14, the soil water content of
the depth of 10 cm, 20 cm, 30 cm, and 40 cm was 5.2%, 4.6%,
5%, and 5.6%, respectively, at the initial time. When the
rainfall lasted 10 minutes, the soil water content was 20%,
7.5%, 5.2%, and 5.7%, respectively, which indicated that a
small amount of rain began to penetrate into the soil to
depth 10 cm. However, the soil water content did not reach a
saturated state at 10 minutes.

As the rainfall continued, the rainwater penetrated
further downward. After 40 minutes, the soil water content
of the depth of 10 cm, 20 cm, 30 cm, and 40 cm was 32.6%,
32.2%, 29.5%, and 28.1%, respectively. From the experi-
mental data in Figure 14, the soil water content of the entire
roadbed tended to saturate, and the soil layer entered the
stage of stable infiltration.

6.4.2. As the Artificial Raining Ended. When the rainwater
stopped and the ground water was exhausted due to
evaporation or infiltration, the water in the subgrade soil still
needed to penetrate downward for a long time. During the
infiltration process, water was redistributed in the soil
profile.,e soil layer saturated cannot retain all the water, so
part of the water continued to move to the deeper soil layer
due to suction gradient and gravity of the soil water [31–34].

As can be seen from Figure 15, the soil water content
began to decrease slowly with the time increasing at the
10 cm soil depth.

,e soil water content decreased greatly within 1-2 days
and the decrease ratio reached 39.9% after ending artificial
rainfall.

Similarly, the soil water content at the 200mm, 300mm,
and 40 cm soil depth decreased sequentially with time and
the soil water content gradually tended to stabilize. In ad-
dition, the downward movement speed of the wet front was
smaller found through the plexiglass side. ,e first reason is
that the suction gradient between the two soil layers was
correspondingly reduced, when the water of the moist soil
layer was reduced and the water of the dry soil layer was
increased. ,e second reason is that the dynamic process of
soil moisture after infiltration became very complicated due
to the existence of surface flow of large-void asphalt
pavement.

6.4.3. Effect of Initial Water Content on Infiltration. ,e
different initial water content of the soil will affect the in-
filtration of rain water and the runoff process [35–39]. So,
four different initial soil moisture contents (5.3%, 9.1%,
12.8%, and 16.1%) were used to study the influence law with
the same rainfall intensity of 5.5mm/min.,e test results are
shown in Figure 16.

As can be seen from Figure 16, the initial infiltration rate
was the largest and soil saturation needs the longest rainfall
duration, when the initial water content of the soil was 5.3%.
Mainly because the initial water content was low, the larger
the magnitude of the matrix potential gradient, the larger the
average suction force of the infiltration front. As the initial
water content increased, the initial infiltration rate became
smaller and the infiltration rate became shorter.

Combined with this experiment, when the initial soil
moisture content was low, the soil moisture migration can be
divided into two stages.

,e first was the increasing stage of water content. After
the wetting front moved to the layer, it was affected by
gravity potential energy and matrix potential energy. ,e
water content of the upper soil increased rapidly, but the
water content did not reach saturation, and the soil moisture
increased continuously.
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,e second stage was the stable stage of water content.
When the soil moisture was close to saturation, the soil layer
began stable infiltration, and the water flux of the soil layer
became stable.

,is is similar to Bodman’s research on the initial water
content of nonpermeable brick pavement soil [1].

7. Conclusions

,e influence of several different pavement structures such
as drainage pavements, semipermeable pavements, and
permeable roads on surface runoff reduction was conducted.
Secondly, the relationship between soil water content and
rainfall duration was analyzed. Finally, the effect of initial
water content on rainwater infiltration rates under different
rainfall conditions was studied. ,e artificial rainfall device
designed by authors was used to simulate rain on five types
of pavement structures with 4 types of rainfall intensity. ,e
conclusions are as follows:

(1) In the drainage pavement, the surface runoff coef-
ficient of the dense asphalt pavement was more than
90%, while the large-void asphalt pavement was less
than 40% under different rainfall intensities, which
means that the large-void asphalt pavement can
effectively reduce the surface runoff.

(2) In semipermeable roads and permeable roads, the
surface runoff coefficient at each rainfall intensity
decreased with increase of the base layer thickness,
mainly because the permeability of the cushion and
soil foundation was relatively weak and the base layer
stored some water and delayed the generation of
surface runoff, when the rainfall lasted for a long
time or the rainfall intensity was heavy.

(3) With the increase of rainfall intensity, the surface
runoff coefficients of the three pavement structures
increased and the surface runoff occurred earlier.

,e sequence of the surface runoff generated in the
three road structures was drainage road, semiper-
meable road, and permeable road.

(4) In the permeable road, the soil water content quickly
reached a saturated state and a stable infiltration
situation with the time increasing under the action of
water gravity and the gradient of soil water suction.
As the initial water content of the soil increased, the
time of infiltration began to lag, and the amount of
infiltration gradually decreased within 120 minutes
of rainfall.

Groundwater level position, antifreezing layer, and
traffic load condition will also affect the infiltration and
drainage law of permeable pavement. In order to optimize
the overall permeable performance of road surface, these
factors need to be further studied in the future.
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