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In order to study the variations of the non-Darcy �ow permeability coe�cient and the porosity of permeable friction courses
(PFCs), as well as the e�ects of the coupled seepage and stress �elds on them, repeated uniaxial compression tests were carried out
under the coupled action of water and a load. A set of water and load coupling tests were conducted, and a non-Darcy �ow
permeability coe�cient tester was also made. After the PFC-13 specimen was carried out by the repeated uniaxial compression test
under the water and load coupling, the total air void ratio and e�ective air void ratio were measured by the vacuum sealing
method, and the non-Darcy �ow permeability coe�cients were obtained by a non-Darcy �ow permeability coe�cient tester. It
was found that the coupled action of water and a load caused the total air void ratio, e�ective air void ratio, and permeability
coe�cient to sharply increase and reduced the number of repeated uniaxial compression cycles. �ese results are helpful for the
design, construction, and maintenance of PFC mixtures.

1. Introduction

Permeable friction courses (PFCs) [1] are a new generation
of open-graded friction courses (OGFCs). PFCs typically
contain at least 20% more asphalt binder (by volume) than
conventional OGFC mixtures. PFCs contain 18%–22% air
voids, whereas conventional OGFC mixtures only contain
10%–15% air voids [2]. Unlike conventional OGFCs, PFCs
typically contain polymer �bers [1].

PFCs have many advantages, but durability is a critical
issue. �e existing standard methods to evaluate the dura-
bility of PFCs typically only include the Cantabro loss [3, 4],
the indirect tensile (IDT) strength [3, 4], and the Hamburg
wheel tracking test (HWTT) [5].

Poulikakos et al. used a coaxial shear test and wheel
tracking tests to investigate the mechanical properties of
porous asphalt mixtures [6]. Because PFC mixtures have
large air voids, the freeze-thaw process cannot cause internal
damage, and therefore, the indirect tensile strength is less

likely to decrease. At the same time, there is water in the
voids, which in�uences the Cantabro loss in the Cantabro
test. Huang et al. [7] used fracture energy to evaluate the
durability of porous asphalt mixture.

�e coaxial shear test and Hamburg wheel tracking test
can simulate a load and the in�uence of water and tem-
perature. However, water does not �ow in the pores, and
thus, the test cannot re�ect the seepage process of rainwater
in the pores. Yang and Zhou [8] investigated the immersion
fatigue of a dense asphalt mixture and found that the e�ect of
static and dynamic water on the fatigue lives of asphalt
mixtures was not signi�cant.

�emain causes of asphalt pavement damage are a heavy
load and repeated rolling. In addition, excess-pressure pore
water is also an important factor causing asphalt pavement
damage. �e existence of moisture signi�cantly a�ects the
material properties of the asphalt mixture, and it changes the
mechanical response of the asphalt mixture under a load. In
the process of water seepage, the change of the seepage �eld
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leads to the redistribution of stress in the mixture. At the
same time, due to the change in stress, the void ratio and
void volume will also be a�ected.

Kringosn et al. [9] believed that water intruded into the
gaps between the asphalt and aggregate and produced a
pumping e�ect under a load, resulting in water damage, and
they established a �uid-solid coupling model based on this.
Si et al. [10] established a viscoelastic constitutive equation of
asphalt and a �nite element model of asphalt pavement,
deduced the stress seepage coupling equation of asphalt
pavement, and veri�ed the e�ectiveness of the model. Ding
and Wang [11] analyzed the mechanical response of satu-
rated asphalt pavement under the coupling of a seepage �eld
and a stress �eld.

Sun et al. [12] studied the dynamic response of unsat-
urated permeable asphalt pavement under a moving load
with a three-dimensional �nite element model with the
coupling of water, air, and forces based on unsaturated
seepage theory. Si et al. [13] computed the mechanical re-
sponse of asphalt pavement under rainfall with the �nite
element method.

From above the papers, it was found that the variations
of non-Darcy �ow permeability coe�cient and the porosity
of permeable asphalt mixture samples, as well as the e�ects
of the coupled seepage and stress �elds on them, have been
less studied after repeated uniaxial compression tests.

In this paper, �rst, the optimal asphalt-aggregate ratio
was determined by a draindown loss test. Second, PFC-13
specimens were formed by a gyratory compactor. Water and
load coupling tests were conducted, and non-Darcy �ow
permeability tests were also conducted. After the specimens
underwent repeated uniaxial compression tests under the
coupled action of water and a load, the total air void and
e�ective air void ratios were measured by a vacuum sealing
method, and the non-Darcy �ow permeability coe�cients
were obtained by a non-Darcy �ow permeability tester. �e
materials and corresponding test methods used in this study
are summarized as a �owchart in Figure 1.

2. Materials

2.1. High-Viscosity Polymer-Modied Asphalt. �e high-
viscosity polymer-modi�ed asphalt composed of a high-
viscosity polymer modi�er and styrene-butadiene-styrene
(SBS) polymer-modi�ed asphalt, and they were mixed to-
gether and sheared for 30min at 4000–5000 r/min and 180°C
[14]. �e technical properties [15] are shown in Table 1.

2.2. Aggregate

2.2.1. Coarse Aggregate. Hard sandstone aggregate was used
to form a skeleton contact structure of the coarse aggregate.
�e technical properties [2] are shown in Table 2.

2.2.2. Fine Aggregate. �e �ne aggregate used was lime-
stone-manufactured sand. �e technical properties [2] are
shown in Table 3.

2.3. Filler. �e �ller was limestone powder, which could
signi�cantly enhance the adhesion between the aggregate
particles [2]. �e technical properties are shown in Table 4.

2.4. Fiber Stabilizer. Polyester �ber does not absorb water,
which is helpful in improving the moisture stability of PFC
mixtures. At the same time, the polyester �ber was easily
dispersed during the mixing process. Hence, polyester �bers
with lengths of 9mm and diameters of 15 μm were used.

3. Aggregate Gradation and Optimal Asphalt-
Aggregate Ratio

3.1. Aggregate Gradation. �e 10–15mm coarse aggregate,
0–5mm �ne aggregate, and the �ller were sieved. �eir
results are shown in Table 5. According to the technical

Raw materials

Optimum asphalt aggregate ratio

PFC-13 specimen preparation

Repeated unaxial compression
test

Non-Darcy flow
Permeability coefficient

Total air voids
Effective air voidsDamage factor

Figure 1: Flowchart of study materials and corresponding test methods.
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requirements [15], the combined aggregate gradation of
PFC-13 is shown in Table 6.

3.2. Optimal Asphalt-Aggregate Ratio. First, five groups of
PFC-13 mixtures were prepared according to the suggested
asphalt-aggregate ratio of ±0.5%. Second, the draindown
losses of the PFC-13 mixtures were measured. Finally, fitted
power function curves were obtained. Two tangent lines,
labeled l and m, were drawn, which intersected at point
A. +e straight line labeled o bisected the angle φ and
intersected the fitted curve at point B. +rough point B, the
vertical straight line n of the horizontal axis (asphalt-stone
ratio) was drawn and intersected at point D. +e value
corresponding to point D was the optimal asphalt-stone
ratio [15], as shown in Figure 2. According to Figure 2, the
optimal asphalt-aggregate ratio was 5.1%.

4. Repeated Uniaxial Compression Test of
Seepage and Stress Field Coupling

A seepage field is a water flow field in which water with a
certain flow velocity flows from a porous medium. If there is
no other load coupled with it, the water seepage field is a
hydrostatic seepage field, and hydrostatic pressure is applied
to the pore walls [16]. +e stress field is due to an applied
external load on the top surface of the sample, which acts on
the sample and generates a stress field in the porous me-
dium. For a porous medium similar to a permeable asphalt
mixture, this stress field is borne by the particle skeleton
around the pores.

When a seepage field and a stress field are generated
simultaneously in the porous medium, the seepage-stress
coupled field is formed in the porous medium. In order to
simulate the damage of the permeable asphalt mixture
specimen caused by the coupling of seepage and stress fields,
a system for performing repeated uniaxial compression tests
under the coupling of a seepage field and a stress field was
designed and fabricated, as shown in Figure 3. +e water
flow volume, which was coupled with the stress field, was
about 5 L/h [17]. +is simulated the non-Darcy flow seepage
of a rainstorm in permeable asphalt mixture pavement,
forming a seepage field.

As shown in Figure 3, the seepage field was established
with a water pump, transparent rubber pipe, flowmeter,
loading permeable plate, and water tank. +e red circle

Table 1: Technical properties of high-viscosity polymer-modified asphalt.

No. Item Unit Requirements Results
1 Penetration degree (25°C, 100 g, 5 s) 0.1mm 40–60 48
2 Ductility (5°C, 5 cm/min) cm ≥ 35 47
3 Softening point TR&B °C ≥ 85 97
4 Capillary dynamic viscosity, 60°C kPa·s 400–800 509.6
5 Viscosity, 25°C N·m ≥ 25 53.3
6 Toughness, 25°C N·m ≥ 20 35.0
7 Elastic recovery, 25°C % ≥ 90 99.3

Table 2: Technical properties of hard sandstone aggregate.

No. Item Unit Requirements Results
1 Stone crushing value % ≤ 24 9.5
2 Los Angeles abrasion loss % ≤ 26 10.4
3 Apparent relative density — ≥ 2.60 2.912
4 Water absorption % ≤ 2.0 0.8
5 Robustness % ≤ 12 1.3
6 Flatness, elongated particles % ≤ 10 9.0
7 Particle content smaller than 0.075mm % ≤ 1 0.6
8 Soft stone content % ≤ 1.0 0
9 Polishing value PSV ≥ 42 52
10 Adhesion level for asphalt — Level 5 Level 5

Table 3: Technical properties of limestone machine-made sand.

No. Items Unit Requirements Results
1 Apparent relative density — ≥ 2.60 2.912
2 Particle content smaller than 0.075mm % ≤ 1 0.6

Table 4: Technical properties of limestone filler.

No. Item Unit Requirements Results
1 Apparent relative density — ≥ 2.60 2.723

2

Particle size range — — —
< 0.6mm % 100 100
< 0.3mm % 95–100 99.8
< 0.15mm. % 90–100 95.4
< 0.075mm % 75–100 79.9
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highlights the water �owmeter. Water seeped into the
permeable asphalt mixture specimen through the water
�owmeter and a loading plate to simulate the seepage
process of rainwater in the permeable asphalt mixture
pavement. To describe the process of the seepage and stress
�eld coupling, a schematic diagram of the coupling test is
shown in Figure 4.

As shown in Figure 4, water percolated into the per-
meable asphalt mixture specimen at a certain �ow rate, and a
seepage-stress coupled �eld was formed in the permeable
asphalt mixture specimen together with the load on the top
of the specimen to jointly load the permeable asphalt
mixture specimen. �e impermeable metal �oor simulated
the impermeable layer. Water seeped out from the side wall
of the permeable asphalt mixture specimen and the top part
of the impermeable metal base plate.

5. Non-Darcy Flow Permeability Coefficient of
Compacted Permeable Asphalt Mixture

In order to obtain the non-Darcy �ow permeability coef-
�cient (or hydraulic conductivity) of the compacted per-
meable asphalt mixture, a non-Darcy �ow permeability
tester was designed and fabricated. Its design sketch is shown
in Figure 5, and Figure 6 shows a photograph of the actual
system.

Based on Figure 5, the water heads at ϕ1 and ϕ2 can be
expressed as

ϕ1 � z1 +
P1

ρg
, (1)

ϕ2 � z2 +
P2

ρg
, (2)

where Z1 is the water head at the position of the inlet section
of the sample with respect to the reference plane 0–0, Z2 is
the water head at the position of the outlet section of the
sample with respect to the reference plane 0–0, P1 is the
water pressure on the inlet section of the sample, whose
value is equal to the water head of the water column ϕ1 − Z1,
P2 is the water pressure on the outlet section of the sample,
whose value is equal to the water column ϕ2 − Z2, ρ is the
density of water, generally taken as 1.0×103 kg/m3, and g is
the gravitational acceleration, generally taken as 9.81m/s2.

�e rate of water �ow Q (volume per unit time) is equal
to the product of the average seepage velocity u and the
constant cross-sectional area A, i.e.,

u �
Q

A
, (3)

where u is the average seepage velocity of water in the porous
medium (m/s), Q is the rate of water �ow (volume per unit
time) through the porous medium sample (m3/s), and A is
the cross-sectional area of the porous medium sample (m2).

Considering the e�ective porosity φ of the porous media
sample [16], (3) is rewritten as

u � φ
Q

A
. (4)

When water is in a laminar �ow state in the porous
medium, i.e., Darcy’s �ow, the permeability coe�cient of
Darcy’s �ow [18] is calculated through Darcy’s law, as
follows:

−
zP

zX
�
1
k
μu, (5)

where P is the pressure (Pa),X is the seepage length of water
in the porous medium (m), μ is the dynamic viscosity (the
dynamic viscosity of water is 1.01× 10−3 Pa s at 20°C), u is the
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Figure 2: Draindown loss vs. asphalt-aggregate ratio.

Table 5: Aggregate sieving analysis.

Aggregate size
Sieve size

16 13.2 9.5 4.75 2.36 1.18 0.6 0.3 0.15 0.075
Percentage of weight passing (%)

10–15 100.0 93.0 14.5 1.2 1.2 1.0 1.0 1.0 1.0 1.0
0–5 100.0 100.0 100.0 100.0 84.2 59.3 40.3 25.5 18.3 14.5
Filler 100.0 100.0 100.0 100.0 100.0 100.0 100.0 99.8 95.4 79.9

Table 6: Combined aggregate gradation of PFC-13.

Gradation
Percentage of weight passing (%)

16 13.2 9.5 4.75 2.36 1.18 0.6 0.3 0.15 0.075
Gradation two 100.0 94.1 27.3 16.0 13.9 10.6 8.1 6.2 5.2 4.4
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average seepage velocity of water in the porous medium (m/
s), and k is the hydraulic conductivity (m2).

�erefore, it is necessary to convert k into a permeability
coe�cient K (m/s), as follows:

K � k
ρg
μ
. (6)

According to Figure 5 and equation (6), equation (5) is
changed to an expression of the head gradient:

−
Δϕ
ΔX

�
u

K
. (7)

When the e�ective porosity of the porous medium is
large, it is generally considered that the seepage of water in
the porous medium is non-Darcy �ow and satis�es the
Forchheimer equation, which can be expressed using either
of the following forms [19, 20]:

−
zP

ΔX
�
μu
k
+ βρu2, (8)

−
zϕ
ΔX

�
u

K
+
β
g
u2, (9)

where β is the Forchheimer coe�cient (1/m). �e meanings
of the other parameters are the same as above.

�e permeability coe�cient (or hydraulic conductivity)
of the compacted permeable asphalt mixture is obtained
based on Figures 5 and 6, equations (1)–(9), and the fol-
lowing test steps:

(1) After the permeable asphalt mixture specimen un-
derwent the repeated uniaxial compression test
under seepage and stress �eld coupling, according to
the non-Darcy �ow permeability coe�cient tester
described above, the water drainage volume M at

Water tank

Sink

Sample

Outlet

Load

Water

Impermeable
metal plate

Figure 4: Schematic diagram of the seepage �eld-stress �eld coupling test.

Figure 3: Seepage �eld-stress �eld coupling test.
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time t was measured �ve times. �e maximum and
minimum values among the �ve values were re-
moved, whereupon the average value Mof the
remaining three values was calculated.

(2) Q was calculated as follows:

Q �
M

t
. (10)

(3) �e average seepage velocity was calculated using
equation (3) or (4)

(4) �e water pressure gradient was calculated
(5) �e water outlet height was changed, which in turn

changed the water pressure gradient

(6) According to steps (1)–(4), �ve groups of seepage
velocities and their corresponding pressure gradients
were obtained

(7) Based on equation (8) or (9), the above �ve sets of
data were �tted with a one-variable quadratic
equation, as shown in Figure 7

(8) Based on equation (8) or (9), the coe�cients of the
�rst-order and second-order terms of the one-var-
iable quadratic �tting equation were converted into a
k or K value and a β value.

Based on the �t shown in Figure 7, βρ � 627.76 and
μ/k � 352.87. �e β and k values were calculated according
to the density and dynamic viscosity of water: β was 0.628
and k was 2.862×10−6. Based on the k values and (6), k was
transformed into K, and K was 27.801m/s. �e test pro-
cedure from Step (1) to Step (8) is shown in Figure 8.

From the non-Darcy �ow permeability coe�cient test,
the relationship between the permeability coe�cient and

Figure 6: Non-Darcy �ow permeability coe�cient tester for
compacted PFC-13 specimen.
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pressure gradient was determined, as shown in Figure 9. �e
water �ow in the permeable asphalt mixture specimen was a
typical non-Darcy �ow, and the permeability coe�cient had
a nonlinear relationship with the pressure gradient.

6. Testing Plan

6.1. Preparation of PFC-13 Specimen. According to the
combined aggregate gradation and the optimal asphalt-ag-
gregate ratio of the PFC-13 mixture, PFC-13 specimens with
150mmdiameters and 150mmheights were prepared with a
gyratory compactor, as shown in Figure 10.

In this study, the vacuum sealing method was used to
measure the bulk-speci�c densities of the PFC-13 specimens

and to calculate the total air void and e�ective air void ratios,
as shown in Figure 11. �e results are shown in Table 7. �e
e�ective air void ratio was about 5% smaller than the total air
void ratio, which fully indicated that there were partially
closed pores in the compacted PFC-13 sample, which would
not a�ect its permeability.

6.2. Test Load. �e test load of this study was set as a contact
pressure between a rubber tire and asphalt pavement of
700 kPa, i.e., a standard contact load. Under the action of the
above three contact loads, the variation characteristics of the
permeability of the compacted permeable asphalt mixture
samples were studied. �e load waveform was half a sine
wave with a frequency of 10Hz. After the PFC-13 specimens
underwent repeated uniaxial compression under water and

Repeated unaxial compression test
under the coupling of seepage field

and stress field

Non-Darcy flow test

Seepage velocity:u

Five groups of seepage velocities and
their corresponding pressure gradients

–  =  + β ρ u2∂P
Δ X

μ u
k

Change pressure gradient: – 
∂P
Δ X

k → K

One variable quadratic
equation fitting

Figure 8: Test process of non-Darcy �ow permeability coe�cient.
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Figure 9: Permeability coe�cient vs. pressure gradient.

Figure 10: PFC-13 specimens prepared with a gyratory compactor.
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load coupling, the total air void ratio, e�ective air void ratio,
sample height, and permeability coe�cient were measured.

7. Results and Discussion

In order to reduce the in�uence of water in the pores on the
total air void ratio and especially on the e�ective air void
ratio, after repeated uniaxial compression tests, the samples
were �rst dried by fans. During the drying process, the water
in the pores basically �owed out under the dual e�ects of
self-weight and wind. In the process of drying, the sample
mass was determined by weighing. If the weight di�erence
between two consecutive times was less than 0.1%, it indi-
cated that the water in the sample �owed out completely.

7.1. E�ect of Seepage Field on Damage Factors. In order to
compare the in�uence of the seepage �eld on the damage
factor, the damage factor was calculated as follows:

H �
h0 − hn
h0

, (11)

whereH is the damage factor, h0 is the original height of the
sample (mm), and hn is the height of the sample after n cycles
of repeated uniaxial compression testing (mm).

Repeated uniaxial compression tests were carried out on
PFC-13 specimens under a nonseepage �eld and a seepage
�eld. Based on (10), the damage factors were calculated, as
shown in Figure 12. For the same number of repeated
uniaxial compression cycles, namely, 2 million cycles, the
damage factor was about 0.006 for the nonseepage �eld, but
the damage factor was about 0.025 for the seepage �eld. �e
ratio of 0.025–0.006 was 4.2, indicating that the seepage �eld
along with the stress �eld heavily accelerated the damage of
the PFC-13 specimens.

7.2. E�ect of Seepage Flow Field onTotal Air Void andE�ective
Air Void Ratios. In order to eliminate the in�uence of the
initial air voids on the number of repeated uniaxial

compression cycles, the total air void and e�ective air void
ratios were measured after each repeated uniaxial com-
pression test and were divided by the initial total air void and
e�ective air void ratios.�e ratio of these two sets of data was
used to express the change in voids. �en, the relationships
between the ratios and the number of repeated uniaxial
compression cycles are shown in Figures 13 and 14. It can be
seen from Figure 13 that when the total air void ratio was 1%,
the number of repeated uniaxial compression cycles for the
nonseepage �eld was about 1.5 times that for the seepage
�eld. It can be seen from Figure 14 that when the e�ective
void ratio was about 1%, the number of repeated uniaxial
compression cycles for the nonseepage �eld was about 1.3
times that of the seepage �eld.

�erefore, under the coupled action of the seepage �eld
and the stress �eld, the changes in total air void and e�ective

Figure 11: Total air void and e�ective air void ratios determined using the vacuum sealing method.

Table 7: Total air void and e�ective air void ratios of PFC-13 specimens.

No. Bulk-speci�c relative density �eoretical maximum relative density Total air voids (%) E�ective air voids (%)
1 1.971 2.450 19.6 14.6
2 1.911 2.450 22.0 18.5

y = 2×10–7 x2 + 82×10–5 x
R2 = 0.9933

y = 72×10–8 x2 + 32×10–5 x
R2 = 0.8752
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air void ratios of PFC-13 were accelerated. At the same time,
the total air void and e�ective air void ratios decreased �rst
and then increased with the increase in the number of re-
peated uniaxial compression cycles. �is showed that the
PFC-13 specimen was compacted �rst and then cracks
appeared in the specimen. �en, changes in the displace-
ment of the aggregates began to occur, and the specimen was
damaged.

7.3. E�ect of Seepage Field on Permeability Coe�cient.
Figure 15 shows the relationship between the number of
repeated uniaxial compression cycles and the non-Darcy
�ow permeability coe�cient. When the permeability coef-
�cients were the same, the seepage �eld had a great impact
on the number of repeated uniaxial compression cycles, and
this e�ect was more signi�cant with the increase in the
number of repeated uniaxial compression cycles. When the
permeability coe�cient was 500m/s, the number of repeated
uniaxial compression cycles with the nonseepage �eld was
about 1-2 times that with the seepage �eld. �erefore, the
coupled e�ect of the seepage �eld and the stress �eld
accelerated the water damage of the PFC-13 specimen.

Furthermore, it was found that the non-Darcy �ow
permeability coe�cient decreased �rst and then increased
with the increase in the number of repeated uniaxial
compression cycles, which fully showed that the PFC-13
specimen was further compacted �rst and then gradually
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developed cracks during the repeated uniaxial compression
test.

7.4. Relationship between Non-Darcy Flow Permeability Co-
e�cient andAir Voids. Curves relating the total air void and
e�ective air void ratios to the non-Darcy �ow permeability
coe�cient (Tables 8 and 9) are shown in Figures 16 and 17,
respectively. According to Figure 16, the non-Darcy �ow
permeability coe�cient followed a one-dimensional qua-
dratic relation with the total air void percentage. When the
total air void percentage exceeded 21.4%, the permeability
coe�cient increased sharply. Figure 17 shows that the
correlation between the permeability coe�cient and the
e�ective air voids was adequate, which could be described by
an exponential function.�e overall variation trend was that
the non-Darcy �ow permeability coe�cient increased with
the increase in the e�ective air void ratio. Similarly, when the

e�ective air void ratio was about 18.1%, the non-Darcy �ow
permeability coe�cient increased signi�cantly.

8. Conclusions

In this paper, a draindown loss test and power function
�tting were used to determine the optimal asphalt-aggregate
ratio of a PFC-13 mixture. �e coupled action of water and a
repeated compression load on PFC-13 specimens was ex-
amined. �e vacuum sealing method was used to measure
the total air void and e�ective air void ratios. A non-Darcy
�ow test device was made to measure the permeability
coe�cients of the PFC-13 specimens. It was found that the
damage factor, total air void ratio, e�ective air void ratio, and
permeability coe�cient were in�uenced by the seepage and
stress �elds under repeated uniaxial compression condi-
tions. �e conclusions were as follows:

Table 8: Repeated uniaxial compression test results with non-seepage �eld.

Repeated uniaxial compression cycles (10000) Total air voids (%) E�ective air voids (%) Damage factor Permeability coe�cient (m/s)
450 23.0 20.1 0.0272 512.243
290 19.8 15.1 0.00855 113.884
170 19.3 15.0 0.00693 11.883
90 19.2 15.3 0.00535 5.525
50 19.1 15.6 0.00367 9.418
30 19.2 14.1 0.00356 17.828
20 18.8 14.4 0.00355 25.648
10 19.4 14.85 0.00355 —
0 19.6 14.6 0 28.339

Table 9: Repeated uniaxial compression test results with seepage �eld.

Repeated uniaxial compression cycles (10000) Total air voids (%) E�ective air voids (%) Damage factor Permeability coe�cient (m/s)
300 23.8 19.9 0.0456 545.256
140 20.5 17.7 0.0141 99.128
60 19.6 16.2 0.00698 65.716
20 20.2 15.6 0.00375 15.537
0 22.0 18.5 0 60.310
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Figure 16: Relationship between total void ratio and non-Darcy
�ow permeability coe�cient.
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(1) Under the same number of repeated uniaxial com-
pression cycles, namely, 2 million cycles, the damage
factor for the seepage field was about 4.2 times that
for the nonseepage field

(2) When the total air void ratio was 1%, the number of
repeated uniaxial compression cycles for the speci-
men without the seepage field was about 1.5 times
that of the specimen with the seepage field. When the
effective void ratio was about 1%, the number of
repeated uniaxial compression cycles of the speci-
men with the nonseepage field was about 1.3 times
that of the sample with the seepage field.

(3) When the permeability coefficient was 500m/s, the
number of repeated uniaxial compression cycles for
the specimen with the nonseepage field was about 1-
2 times that of the specimen with the seepage field.
Furthermore, the non-Darcy flow permeability co-
efficient decreased first and then increased with the
increase in the number of repeated uniaxial com-
pression cycles.

(4) When the total void ratio exceeded 21.4%, the
permeability coefficient increased significantly. +e
effective void ratio was about 18.1%, and the per-
meability coefficient changed significantly. +ere-
fore, the coupled effect of seepage and stress fields
accelerated the water damage of the permeable as-
phalt pavement. In the permeable asphalt mixture,
the water flow was non-Darcy flow.

In the future, after the coupling of the seepage and stress
fields, the aggregate structure changes in permeable asphalt
mixtures will be studied.+e permeability properties and the
crack evolutionary process will be explored under the
coupled action of multiple factors, namely, seepage, stress,
and temperature fields.
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