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Low-impact development measures are a kind of ecological technology system that can easily realize urban rainwater collection
and utilization to alleviate the contradiction between flooding/water logging disasters and water shortages. But most of the low-
impact development measures are difficult to solve the problem of deep soil infiltration and fully utilize runoff regulation and
seepage benefits. ,erefore, this paper proposes the concrete microseepage well with the optimum proportion of crushed stone,
cement, and water of 1 : 0.13 : 0.11 and 2% steel fiber content. ,e artificial rainfall experiment is applied to verify the high-
infiltration of concrete microseepage well in deep soil. ,e numerical analysis shows that the concrete microseepage well around a
single building and two adjacent buildings can all decrease 15%–40% of the pore water pressure, decrease 11%–33% of total head,
and improve 43–55 times of infiltration velocity. ,e concrete microseepage well with 0.1m in diameter and 1m in height can
affect the infiltration area of 1m2. Each building being surrounded by seepage wells is the optimal layout scheme to alleviate the
flooding/water logging disasters. ,is study provides a scientific reference for the development of sponge cities with low-impact
development measures to reduce the problem of flooding/water logging disasters and water shortages.

1. Introduction

With increased urbanization, the contradiction between
flooding/water logging disasters and water shortages is in-
creasingly prominent. Hence, numerous management
modes for handling flooding due to excess rainwater have
been developed, such as Best Management Practices (BMPs),
Low Impact Development (LID), Sustainable Urban
Drainage System (SUDS), and Water Sensitive Urban De-
sign (WSUD) [1, 2]. Existing flood management measures,
also called low-impact development measures, include
permeable pavements, green roofs, sunken green spaces,
planting ditches, seepage ditches, and seepage wells [3, 4].
However, more basic flood management measures typically
involve cement hardening, clay, silty clay, and other ma-
terials with poor infiltration, which makes it difficult to
ensure effective rainwater infiltration and runoff regulation
[5, 6]. ,us, seepage wells have been adopted to improve
existing flood management measures. Wang et al. [7] added
a hollow pipe to a permeable concrete pavement structure in

a weak-infiltration soil area and analyzed the runoff of the
permeable concrete pavement structure under different
rainfall conditions. Xu et al. [8] adopted steel gravel piles to
carry out outdoor water injection tests on different types of
permeable paving in low-infiltration soil areas and showed
that the infiltration rate increased by 18–35 times over that
without steel gravel piles. Zhu et al. [9] used construction
waste to form a seepage well and studied the water content of
the soil layer under different spacings and depths of these
wells. ,eir results proved that seepage wells effectively
enhance the horizontal and vertical infiltration of the soil
layer. Feng et al. [10] conducted in-situ infiltration tests and
simulations with and without a grave seepage well and found
that the infiltration flow was 67.12% higher with the seepage
well. Liu et al. [11] carried out single-well and group-well
infiltration tests in an area with predominantly clay soil and
found that the grave seepage well was suitable for rainwater
infiltration in such areas. Liang et al. [12] used numerical
simulations and model tests to study the improved effect of
seepage wells on infiltration and runoff control of a
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permeable grid under 72 rainfall conditions in Shijiazhuang,
China.

Existing research has considered the use of various
materials in rainwater seepage wells, making it difficult to
determine exactly how the requirements of prefabricated
buildings and green development can be satisfied. Moreover,
existing research has tended to focus on the infiltration and
runoff control of seepage wells to the original soil layer or
permeable pavement, but there has been little research on
the infiltration and runoff control of buildings around these
seepage wells and pavement structures. ,erefore, this paper
describes the development of a green microseepage well that
offers enhanced infiltration and durability over traditional
concrete microseepage wells by changing the ratio of ma-
terials and the content of the steel fibers. ,e infiltration
effect of the proposed concrete microseepage well under
different rainfall intensities is verified through artificially
simulated rainfall experiments. Moreover, numerical models
of buildings and microseepage wells are verified by com-
paring the pore water pressure and infiltration velocity in the
reference. And verified numerical models of buildings and
microseepage wells are applied to analyze the pore water
pressure, total head, and infiltration velocity with no seepage
wells placed around buildings, seepage wells placed around a
single building, and seepage wells placed around two ad-
jacent buildings. Finally, the optimal layout scheme of
concrete microseepage wells in the buildings is obtained
based on the response of the pore water pressure, total head,
and infiltration velocity. ,is research provides a scientific
reference for the development of low-impact rainwater
systems in so-called “sponge cities.”

2. Fabrication of Concrete Microseepage Wells

Concrete microseepage wells were prefabricated using
crushed stone, cement, water, and steel fibers, as shown in
Tables 1–3.,e concrete microseepage wells were formed by
placing a filter layer of a certain thickness at the bottom of
the seepage well holes, burying the preformed seepage wells
in the seepage well holes, and filling the gap between the
seepage wells and the seepage well holes with crushed stone,
as shown in Figure 1.

Before producing the precast concrete microseepage
wells, stones of different sizes were selected by stacking
standard sieves, from large to small and top to bottom, and
weighing the materials using an electronic spring balance
with an accurate measuring range.,e stone was mixed with
cement by spades, and then the stone and cement were
spread out from the middle by slowly adding water to
prevent the cement slurry from sinking to the bottom. Steel
fibers were evenly spaced in the mixture to ensure a full
spread. A depth of about 0.1m of the well-mixed concrete
was added to the mold at a time, and a steel bar was used to
hit the mold wall from top to bottom with high frequency
until the concrete was no longer sinking. ,is process was
repeated until the mold was full. After 12 h in a dark en-
vironment with a plastic bag tied tightly around the mold
mouth, the concrete microseepage well was subjected to
water injection at the mold mouth, and the well was

maintained in the mold for 3 days. ,e mold was then
carefully removed to avoid any local forces that may damage
the well.

Based on many trials, the optimal mixture ratio of
crushed stone, cement, and water was found to be 1 : 0.13 :
0.11. ,ree types of concrete microseepage wells were made
with 0.2–0.5 cm, 0.5–1.0 cm, and 1.0–1.5 cm of crushed
stone, respectively, and various amounts of steel fibers. To
determine the best size of crushed stone and the optimal
steel fiber content, infiltration, freeze-thaw, and compres-
sion tests were carried out.

2.1. Infiltration Test. Before the test, the concrete micro-
seepage well with a diameter of 0.1m and length of 0.5mwas
coated with two layers of fresh-keeping film to avoid the
influence of water seepage from the mold gap, as shown in
Figure 2. ,e seepage well was tightly wrapped with a 0.5m-
long PVC pipe and locked with a throat collar. One end of
the 0.5m-long PVC pipe was connected with the other end
of a 1.0m-long PVC pipe. ,e joint was fixed with water-
proof glue to prevent water leakage at the joint, thus forming
an L-shaped penetration rate test device, as shown in
Figure 3.

,e L-shaped infiltration apparatus was placed vertically
on the ground and connected to the tap through a water
pipe. ,e tap was opened and water was injected into the
1.0m-long PVC pipe. When the water flow at the water
outlet began to appear, the water was caught by the water-
holding device. Meanwhile, the volume of water was cal-
culated with measuring cylinders and the time began to be
recorded with a stopwatch. ,e infiltration rate of each
concrete microseepage well was obtained according to
equation (1). ,e average values of the infiltration rates for
three concrete microseepage wells were calculated and listed
in Table 4.

v �
S

t
, (1)

where v is the infiltration rate, S is the infiltration volume,
and t is the infiltration time.

In Table 4, when the particle size of the crushed stone was
0.2–0.5 cm, the mean infiltration rate was 0.055 cm3/s. When
the particle size of the crushed stone was 0.5–1.0 cm, the
mean infiltration rate was 0.223 cm3/s. When the particle
size of the crushed stone was 1.0–1.5 cm, the mean infil-
tration rate was 0.670 cm3/s. Hence, the infiltration rate of
concrete microseepage wells increases as the particle size of
the crushed stone increases. However, concrete micro-
seepage wells are easily fractured in the course of con-
struction with particle sizes of 1.0–1.5 cm. ,erefore, to
ensure water infiltration and construction quality, the
0.5–1.0 cm crushed stone particle size was chosen to make
the concrete microseepage wells.

2.2. Freeze-+aw Test. Steel fiber contents of 0%, 1%, 2%,
and 4%were added to concrete microseepage well specimens
with a height of 0.5m and diameter of 0.1m. ,e specimens
were divided into six groups according to the steel fiber
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content, and each group was subjected to either 0, 30, 60, 90,
120, or 150 freeze-thaw cycles. A freeze-thaw chamber was
used for these tests. ,e freeze-thaw time was 24 h.

Before the test, the specimens were taken out of the curing
box after 2 days. ,en, the specimens were soaked in water at
15–20°C for 2 days and the water on the surface of the
specimen was removed. ,e specimens after treatment were
weighed and numbered in groups. Finally, the specimens
were placed in the freeze-thaw chamber (Figure 4) and the test
started.,e freeze-thaw process was as follows: the specimens
were placed in the freeze-thaw chamber when the temper-
ature reached −20°C. Each freezing and thawing stage lasted
12 h, with one freezing event and one thawing event defined
as a freeze-thaw cycle. To ensure a consistent water content in
the specimens during the freeze-thaw test, the specimen was
placed back into the water tank at 15–20°C for 2 days after
each freeze-thaw cycle, and then the water on the surface of
the specimen was removed and the next freeze-thaw cycle
started. ,e above freeze-thaw process was repeated until the
number of freeze-thaw cycles had been completed (reach 0,
30, 60, 90, 120, or 150 freeze-thaw cycles) or the specimen was
damaged. During the freeze-thaw process, a visual inspection
of the specimen was conducted and the quality of the
specimen was measured and recorded every 30 freeze-thaw

cycles.,emass-loss rate of each specimen at every 30 freeze-
thaw cycles was calculated according to equation (2). ,e
results are shown in Figure 5.

Δmn �
m − mn

m
, (2)

where Δmn is the mass loss rate after n freeze-thaw cycles,m
is the specimen mass before the freeze-thaw cycles, andmn is
the specimen mass after n freeze-thaw cycles.

Figure 5 shows that the mass loss rate of the specimen
without any steel fibers is 0.45% after 120 cycles of freezing and
thawing, compared with mass loss rates of 0.38%, 0.31%, and
0.25% for the specimens with 1%, 2% and 4% steel fiber
contents. After 150 freeze-thaw cycles, the mass loss rate of the
specimen with 1% steel fibers is 0.45%, but the specimens with
2% and 4% steel fibers still have mass loss rates of less than
0.4%. Because some microcracks appear in the specimens after
relatively few freeze-thaw cycles, the addition of steel fibers has
little effect on themass loss of the specimens in the early stages.
As the number of freeze-thaw cycles increases, the microcracks
expand, and the specimens start to be destroyed, increasing the
mass loss.,erefore, the incorporation of steel fibers effectively

Table 1: Material technical description of crushed stone.

Material technical description Particle size (cm) Bulk density (kg/m3) Volume void ratio (%) Mud content (%)
Crushed stone 0.2–1.5 2640 41.5 0.6

filter layer

crushed stonecrushed stone
steel fiber

concrete micro-seepage well

Figure 1: Schematic representation of a concrete microseepage
well.

diameter of 0.1 m

length of 0.5 m

Figure 2: Seepage well wrapped in plastic film.

Table 2: Material technical description of cement.

Material technical description Ignition loss (%) Specific surface area (m2/kg) Compressive strength (MPa) Flexural strength (MPa)
Cement (PO42.5) 3.6 390 42.5 6.7

Table 3: Material technical description of steel fiber.

Material technical description Bulk density (kg/m3) Length (cm) Width (cm) Tensile strength (MPa)
Steel fiber (wavy) 7000 3.6 0.3 500
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restrains the formation and development of fractures in the
seepage well and reduces the erosion of the seepage well caused
by freeze-thaw cycles.

2.3. Compression Test. After the freeze-thaw cycle test, six
groups of freeze-thaw specimens were subjected to com-
pression tests according to the specification of soil test done

in CIMRS (Changchun Research Institute for Mechanical
Science Co., Ltd.) Brand compression testing machine with
the maximum axial load of 20 kN. ,e specimens were
subjected to continuous and uniform loading at speeds
ranging from 6 to 10 kN/s. ,e damaged specimen is shown
in Figure 6. When the specimen became damaged, the
compression-testing machine automatically stopped load-
ing. ,e compressive strengths of the specimens with dif-
ferent steel fiber contents are shown in Figure 7.

tap

water pipe

1.0-m-long 
PVC pipe

concrete micro-seepage well
wrapped with 0.5-m-long PVC pipe 

water outlet

Figure 3: L-shaped infiltration apparatus.

Figure 4: Specimens in the freeze-thaw chamber.
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Figure 5: Mass loss rate in the freeze-thaw test.

Table 4: Infiltration rates.

Particle size (cm) Code t (s) S (cm3) v (cm3/s) Mean infiltration rate (cm3/s)

0.2–0.5
1 230 13.5 0.059

0.0552 235 12.8 0.054
3 220 11.6 0.053

0.5–1.0
1 137 32.1 0.234

0.2232 130 26.8 0.206
3 126 29.0 0.230

1.0–1.5
1 76 52.3 0.688

0.6702 82 56.0 0.683
3 80 51.2 0.640
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As shown in Figure 7, when the number of freeze-thaw
cycles is less than 60, the compressive strengths of 8
specimens (,e specimens are with the steel fiber contents
of 0% at 0 and 30 freeze-thaw cycles, the steel fiber
contents of 1% at 0 and 30 freeze-thaw cycles, the steel
fiber contents of 2% at 0 and 30 freeze-thaw cycles, and the
steel fiber contents of 4% at 0 and 30 freeze-thaw cycles.)
decrease with the increase of freeze-thaw cycles and in-
crease with the growth of the steel fiber content. However,
when the number of freeze-thaw cycles is more than 60,
the differences in compressive strengths of 16 specimens
decrease gradually and the specimen with 2% steel fibers
has the highest compressive strength. After 120 freeze-
thaw cycles, the compressive strength of the specimen
with 4% steel fibers is 1.9% less than that of the specimen
without any steel fibers; after 150 freeze-thaw cycles, the

specimen with 4% steel fibers has a compressive strength
that is 6.5% lower than that of the specimen without any
steel fibers.

,e compressive strength of the specimens clearly de-
creases as the number of freeze-thaw cycles increases. When
the steel fiber content is no greater than 2%, the compressive
strength of specimens after the same number of freeze-thaw
cycles increases with the steel fiber content. ,e sample with
4% steel fibers has the highest compressive strength after 30
freeze-thaw cycles, but this decreases gradually as the
number of freeze-thaw cycles increases, and the degradation
becomes more obvious when the number of freeze-thaw
cycles reaches 150. At higher steel fiber content, there is a
reduction in compressive strength which may be due to the
balling of steel fibers as reported by other researchers
[13–15].

Figure 6: ,e damaged specimen in the compression test.
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Figure 7: ,e compressive strength of specimens after (a) 0–150 freeze-thaw cycles and (b) 90–150 freeze-thaw cycles.
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3. Outdoor Test of Concrete Microseepage Well

Artificially simulated rainfall experiments were used to
analyze the variations in surface water accumulation and soil
moisture content of the concrete microseepage well under
different rainfall intensities. ,e effect of the concrete
microseepage well on improving soil infiltration was also
explored.

3.1. Test Scheme. ,e test site was the South Garden of the
Tianjin Chengjian University stadium. ,e test site was
cleared and leveled before the test. According to the test
scheme with observation points (Figure 8(a)), a Luoyang
shovel was used to dig seepage well holes with a diameter
slightly greater than 0.1m and a depth slightly greater than
1.0m at test site I. Soil samples were taken at depths of 0.2m,
0.4m, 0.6m, 0.8m, and 1.0m, and the water content of the
soil at these depths was measured. A concrete microseepage
well with a diameter of 0.1m and a height of 1.0m was then
embedded in the seepage well hole. An adjacent 3m× 3m
area (test site II) was used as the contrast site. To prevent the
rain outflow from influencing the test results, the test site
was surrounded by a graduated water retaining plate, the
four corners of which were sealed with waterproof glue after
the seepage well had been buried.

As shown in Figure 8(b), the height of the NLJY-10
artificial simulated rainfall system was set to 4m according
to the scope of the test site. Pipe tongs were used to connect
14 rain pipes in order to form a pipe control system. ,e
controller, press machine, and generator were connected in
turn to form a rain control system. ,e pipeline control
system, rainfall control system, and water tank were con-
nected by water pipes to form the artificial rainfall simu-
lation equipment.,e water tank (capacity 1000 L) was filled
with water, and the generator and press were switched on,
whereby the rain intensity could be adjusted by the con-
troller. ,e “sweeping and spraying” rainfall method was
adopted to extend the rainfall time as far as possible and to
simulate light, moderate, heavy, and rainstorm conditions
more realistically.

3.2. Results Analysis. Considering the typical summer
rainfall situation in Tianjin, moderate, heavy, and rainstorm
intensities were set to 0.03m/h, 0.06m/h, and 0.09m/h,
respectively; the rainfall duration was set to 2 h. ,e volume
of impounded surface water was recorded at 5 min intervals
after the rainfall had finished (Figure 9), and soil samples
were taken using the Luoyang shovel to test the water
content after the surface water had fully infiltrated the well
(Figure 10). ,e water retaining plate was graduated. ,e
volume of the surface water was obtained by multiplying the
area of the test site and the surface water height from the
graduated water retaining plate.

As shown in Figure 9, the surface water accumulation
gradually decreases after the rainfall has stopped. At test site
I, the time history curve of 0.03m/h-I shows that there is no
surface water after the rainfall has finished for 20min. ,e
time history curves of 0.06m/h-I and 0.09m/h-I show that

the surface water disappears after the rainfall has finished for
30min. At test site II, the time history curve of 0.09m/h-II
shows that 0.17m of surface water remains after the rainfall
has finished for 30min, and it takes 55min for the surface
water to reach a level of zero. When the rainfall intensity is
0.09m/h, the reduction in the surface water level and the
time required to reach zero surface water are faster at site I
(the time history curve of 0.09m/h-I) than at site II (the time
history curve of 0.09m/h-II). At test site I, the surface water
curve is relatively smooth when the rainfall intensity is
0.03m/h and 0.06m/h, but the change in surface water level
is significant when the rainfall intensity is 0.09m/h. When
the rainfall intensity is low, the surface water mainly pen-
etrates through the surface soil, and only a small part
penetrates through the infiltration well. A greater volume of
surface water accumulates under the rainstorm intensity,
and the soil water content increases and gradually reaches
the saturation condition. Most of the surface water then
infiltrates through the seepage well, thus speeding up the
rainwater infiltration and enhancing the infiltration rate.
,ese results show that the seepage well arrangement can
enhance the infiltration effect of the soil and reduce the
surface water accumulation caused by short-duration heavy
rainfall.

As can be seen from Figure 10, the water content at each
observation point decreases as the distance between seepage
wells increases. Observation points 1 and 3, 4 and 8, 9 and 11,
and 12 and 16 have similar and higher water contents than
other observation points in the same group. ,e water
content at observation points 2 and 10 changes little at
depths of 0.2m, 0.4m, and 0.6m, but clearly decreases at
depths of 0.8m and 1.0m. ,e water content of observation
point 2 at a depth of 1.0m is higher than that at a depth of
0.8m. ,e water content of observation points 6 and 14
obviously decreases at depths of 0.2m, 0.4m, and 0.6m but
changes little at depths of 0.8m and 1.0m. Moreover, the
variation in water content at the same horizontal distance is
basically consistent. ,erefore, the soil water content de-
creases with increasing depth at the same horizontal distance
and decreases with increasing horizontal distance at the
same depth. ,e spacing of the seepage wells has a definite
influence on the infiltration of rainwater. A smaller spacing
results in smaller variations in soil water content between
seepage wells.

,ese results can be explained as follows. ,e water
content in the soil increases with rainfall infiltration, and the
pore water pressure reduces the infiltration rate of surface
water. At the same time, the infiltration coefficient of the
seepage well is much larger than that of the surrounding soil.
Most of the surface water permeates through the seepage
well and diffuses rapidly to the surrounding soil, and the
water content in shallow soil increases significantly. In
addition, the water head decreases as water diffuses to the
surrounding soil, so the water content decreases with in-
creasing horizontal distance. In the process of rainwater
infiltration, there may be interference between the seepage
wells if the spacing is too small. ,e infiltration capacity of
the loose and soft shallow soil is strongly affected by two
seepage wells, and so the soil tends to become saturated. ,e
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water content of the loose and soft shallow soil decreases as
the depth increases, but this trend is not obvious. Test results
show that the water content increases slightly at the same
horizontal distance and decreases with increasing depth.
When the distance between the seepage wells is large, there is
a nonseepage well action zone in the middle of two seepage
wells. ,e results show that the water content of the ob-
servation points decreases significantly at first and then
increases at the same horizontal distance. ,erefore, the
concrete microseepage wells can improve the infiltration and
increase the infiltration rate of in-situ soil. However, the

optimum spacing of the concrete microseepage wells should
be determined according to the site area and seepage re-
quirements so as to satisfy the site function requirements
and avoid material waste.

4. Model of Concrete Micro-Seepage
Wells around Buildings

To explore the optimal spacing of concrete microseepage
wells in the buildings, a numerical model was established by
means of finite element software to analyze the influence of
four seepage wells schemes on rainfall infiltration. ,e re-
sponse laws of the pore water pressure, total head, and
infiltration velocity are discussed, and the best seepage well
scheme for a group of buildings is identified.

4.1. Infiltration+eory. When water enters the soil skeleton,
it flows along with the void under the action of potential
energy difference, which is the infiltration phenomenon in
the soil. Because the pore passage of soil is small and tor-
tuous, the viscous resistance of the fluid tends to be very
large and the flow velocity tends to be slow. ,us, it is
difficult to penetrate downward, and the fluid is mostly in
the laminar flow state. Darcy carried out a large number of
experiments to determine the law governing the velocity of
water flow and the water head in the soil in the state of
laminar flow, eventually deriving the three-dimensional
seepage differential equation of heterogeneous soils [16]:
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where kx, ky, and kz are infiltration coefficients of soil on the
X, Y, and Z coordinate axis. h is the water head. μs is the unit
water storage capacity, and μs is equal to ρg(Es+ η Ew). ρ is
the density. g is the gravitational acceleration. Es is the
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compression modulus of soil. η is the void ratio of soil. Ew is
the compression modulus of water.

For the isotropic seepage field, kx, ky, and kz are assumed
to k.,e three-dimensional seepage differential equation can
be shown as follows:

z
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2 +
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zh

zt
. (4)

,e initial conditions for infiltration are generally shown
as follows [17]:

h|t�0 � f0(x, y, z, t). (5)
,e boundary conditions for infiltration are generally of

the following three types [18, 19]:

For the first type of boundary conditions, Γ1 is the
boundary of the infiltration region.,e water head is known
at any time and can be directly assigned on the boundary
according to the following:

h

Γ1
� h1(x, y, z, t). (6)

,is type of boundary condition should not be used to
define a certain boundary as a constant head boundary
without a complete basis or clear conditions.

For the second type of boundary condition, Γ2 is a
boundary with a given inflow or its own water level. Γ2 is a
flow line for steady infiltration, and satisfies the following
formula in the case of unsteady infiltration:
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Figure 10: Water content at observation points (a) 1–3, (b) 4–8, (c) 9–11, and (d) 12–16 in the artificially simulated rainfall experiment (the
error bar means the root mean square error of the water content.).
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− kzh/zn

Γ2
� q1(x, y, z, t), (7)

where n is the normal direction to the boundary and q1 is the
unit width on Γ2.
Γ3 is the boundary of the infiltration curve of the pre-

vious weak layer and satisfies the following:

H + αH � nβ, (8)

where ɑ and β are known functions.
,e hydraulic characteristics of unsaturated soil are

described by the function of Van Genuchten [20].

θ(h) �

θr +
θs − θr

1 + |ah|
b

 
m, (h< 0),

θs, (h≥ 0),

⎧⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

(9)

K(h) � KsS
l
e 1 − 1 − S

1/m
e 

m
 

2
, (10)

where θ(h) and K(h) are the water retention function of soil
and the infiltration function. θr and θs are the residual water
content and the saturation water content. a is the bubble
pressure. b is the distribution index of pore diameter. m is
the empirical coefficient. Ks is the saturation infiltration
coefficient. Se is the effective moisture content of soil. l is the
pore connectivity parameter.

4.2.ModelEstablishment. It is assumed that①,e soil mass
is isotropic and continuous, and the deformation of the soil
is small and can be neglected.②,e fluid movement of the
water flow conforms to the three-dimensional seepage
differential equation (4). ③ Poisson’s ratio and the infil-
tration coefficient of the soil are both constant.④,e stress
effect of rainfall on the soil is not considered during rainfall
events (Table 3).⑤,ebuilding is simplified to a 0.3m thick
impervious layer. Numerical models of buildings and
microseepage wells are established based on the three-di-
mensional seepage differential equation (4). ,e initial
condition and boundary condition of building and micro-
seepage well numerical models are determined by equations
(5) and (6), respectively. ,e whole numerical model of
building and microseepage well is meshed in the method of
hybrid grid generators. ,e three-dimensional hexahedron
element is used to mesh the numerical model of building and
microseepage well. ,e whole numerical model of building
and microseepage well includes 267245 nodes and 553210
elements. ,e three-dimensional mesh model of building is
shown in Figure 11.

,e left-right boundary, the front-back boundary, and
the lower boundary of numerical models are all imperme-
able. ,e upper boundary of the numerical model is set by a
curved flux of 0.06m/h rainfall rate [20]. ,e left-right
boundary of the numerical model constraints X-direction
displacement. ,e front-back boundary of the numerical
model constraints Z-direction displacement. ,e lower
boundary of the numerical model constraints all

displacement. ,e Mohr–Cullen model is used to simulate
the constitutive relation of soil in the infiltration analysis. To
consider the hydraulic characteristics of unsaturated soil, the
function of Van Genuchten (equations (9) and (10)) is
adopted. ,e initial water head is set at 3m away from the
surface of the pavement.

,e seepage wells measure 0.1m in diameter and 1m in
height and are spaced at 1-m intervals. ,e infiltration stage
is divided into two stages. ,e initial stage is the steady-state
and reflects the initial water head. ,e second stage is
transient and covers a time period of 2 h, divided into 12
steps of 10min. ,e unsaturated influence is considered, but
the maximum value of the negative pore pressure is
neglected in the model.

,e numerical model includes 1.1m of plain fill soil and
3.9m of clay. ,e soil parameters are listed in Table 5 [21].
,e buildings are shown in Figure 12, a schematic diagram
of the pavement structure is shown in Figure 13, and the
parameters of the pavement structures are presented in
Table 6 [16]. A single building and the surrounding roads
with a series of seepage wells installed are shown in Fig-
ure 14. ,ree observation points are selected on the surface
of the plain fill soil, and the distance between observation
points and adjacent seepage wells is 0.25m.

4.3. Results and Discussion. Based on the numerical model
described above, the influence of four seepage wells schemes
on the rainfall infiltration around the four buildings is now
analyzed.,e indexes of pore water pressure, total head, and
infiltration velocity are discussed.

4.3.1. Without Seepage Wells

(1) Pore Water Pressure. ,e pore water pressure nepho-
grams following 10min and 120min of rainfall are shown in
Figure 15. ,ese nephograms reflect the changes in the
whole pore water pressure of the buildings without any
seepage wells.

,e change in the pore water pressure over 120min of
rainfall is analyzed at observation points 1–3 in Figure 16.

Figures 15 and 16 show that the pore water pressure of
the four buildings is symmetrical without any seepage wells,
and the pore water pressure at the corresponding positions is
the same. When the rainfall time is 10min, the pore water
pressures at observation points 1 and 3 are −3.844 kN/m2

and −5.442 kN/m2, respectively, which are similar to
−4.451 kN/m2 in the study of Hou et al. [21]. In the study of
Hou et al. [21], the site of the in-situ infiltration test is located
in the Hai River Education Park, Jinnan District Nankai
University, Tianjin. ,e site is 3m× 3m area and includes
1.1m of plain fill soil and 3.9m of clay. ,e rainfall intensity
is 0.058m/h. ,e pore water pressure of −4.451 kN/m2 is
obtained at the middle of the site. When the rainfall time is
20min, the pore water pressures at observation points 1–3
are −0.786 kN/m2, −1.565 kN/m2, and −0.747 kN/m2, re-
spectively. As the rainfall time increases from 20min to
120min, the pore water pressures of observation points 1
and 3 tend to be stable and are similar. As the rainfall time
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increases, the difference in the pore water pressures at ob-
servation points 1–3 gradually decreases, but the pore water
pressure at observation point 2 is larger than that of ob-
servation points 1 and 3. Because observation point 2 is at
the corner, both rain contact areas and catchment areas
around observation point 2 are larger than that of obser-
vation points 1 and 3.

(2) Total Head. ,e total head nephograms following 10min
and 120min of rainfall are shown in Figure 17. ,e figures

reflect the change in the whole total head of the buildings
without any seepage wells.

,e change in the total head over 120min of rainfall at
observation points 1–3 is shown in Figure 18.

Figures 17 and 18 show that the total head of the four
buildings is symmetrical without any seepage wells, and the
total head at corresponding positions is the same. When the
rainfall time is 10min, the total heads at observation points
1–3 are −0.492m, −0.864m, and −0.655m, respectively. As
the rainfall time increases from 20min to 120min, the

X

Z

Y

Displacement boundary: the displacements
in X, Y, and Z direction are 0 m.

Water head boundary: the initial water head
is set at Y=-3 m, and the surface of

pavement is 0 m.

pavement

plain fill soil

clay

Displacement boundary: the
displacement in X direction is 0 m.

Displacement boundary: the
displacement in Z direction is 0 m.

Displacement boundary: the
displacement in Z direction is 0 m.

Displacement boundary: the
displacement in X direction is 0 m.

Flux boundary: the face
flux at Y=0 m is 0.06 m/h.

Pervious brick
2# building

Pervious brick
3# building

Pervious brick
1# building

Pervious brick
4# building

pavement

Figure 11: Mesh model of building without seepage well.

1# building
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3#2#

4# building
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3#2#

2# building
1#

3#2#

3# building
1#

3#2#

seepage well
observation point

Figure 12: Buildings layout with seepage wells and observation points in the numerical model.

Table 5: Parameters of soil layers.

Type Elastic modulus (kPa) Initial void ratio Saturated unit weight (kN/m3) Permeability coefficient (m/s)
Plain fill 2258.3 0.81 21 8.0×10−5

Clay 3498.0 0.51 21 1.2×10–6

Building 3000.0 0.50 24 1.0×10–6

Pervious brick 4000.0 0.60 28 2.0×10−2

Seepage well 4000.0 0.50 25 2.23×10−2
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difference in the total heads at observation points 1–3
gradually decreases, and the total heads of observation
points 1 and 3 tend to be the same and are less than that of
the observation point 2, which phenomenon is similar to the
pore water pressures at observation points 1–3 (Figure 16).

(3) Infiltration Velocity.,e infiltration velocity nephograms
following 10min and 120min of rainfall are shown in
Figure 19. ,ese illustrations reflect the change in the whole
infiltration velocity of the buildings without any seepage
wells.

,e change in the infiltration velocity over 120min of
rainfall is analyzed at observation points 1–3 in Figure 20.

Figures 19 and 20 show that the infiltration velocity of the
four buildings is symmetrical without any seepage wells, and
the infiltration velocity at corresponding positions is the same.
When the rainfall time is 10min, the infiltration velocities of
observation points 1 and 3 are −0.0000745m/s and
−0.0000713m/s, which are in accordance with −0.0000820m/s
in the study of Liang et al. [12]. In the study of Liang et al. [12],
the test chamber is 0.25m in diameter and 0.40m in height and
includes 0.06m of pervious brick, 0.03m of sand, 0.10m of
crushed stone-sand-clay, 0.001m of geotextile, and 0.22m of
clay.,e rainfall intensity is 0.059m/h.,e infiltration velocity
of −0.0000820m/s is obtained at 0.054m away from themiddle
of the test chamber. But the infiltration velocity of observation

upper surface 0.04 m

middle surface 0.06 m

under surface 0.08 m

upper base layer 0.20 m

subbase layer 0.18 m

plain fill soil 1.10 m

clay 3.90 m

under base layer 0.24 m

Figure 13: Schematic of pavement structure layers in the numerical model.
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Figure 14: Diagram of a single building and surrounding road with seepage wells in the numerical model.

Table 6: Parameters of pavement structure layers.

Parameters Upper surface Middle surface Under surface Upper base layer Under base layer Subbase layer
,ickness (m) 0.04 0.06 0.08 0.20 0.24 0.18
Elastic modulus (MPa) 1148 984 820 500 1500 750
Permeability coefficient (m/s) 2.13×10−6 1.07×10−6 1.07×10−6 3.0×10−5 3.0×10−5 3.0×10−5
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point 2 is less than that of observation points 1 and 3. Because
observation point 2 is at the corner, both rain contact areas and
catchment areas around observation point 2 are larger than
those of observation points 1 and 3. With an increase in the
rainfall time, the difference in the infiltration velocity at ob-
servation points 1–3 gradually decreases. When the rainfall
time is 120min, the infiltration velocities at observation points
1 and 3 tend to be stable and are similar.

4.3.2. Installation of Seepage Wells around Building 1

(1) Pore Water Pressure. ,e pore water pressure nepho-
grams following 10min and 120min of rainfall are shown in
Figure 21. ,ese figures reflect the changes in the whole pore
water pressure of the buildings when seepage wells are
placed around building 1.

,e change in the pore water pressure over 120min of
rainfall is analyzed at observation points 1–3 in Figure 22.

As shown in Figure 21(a), when the rainfall time is
10min, the pore water pressures of building 1 are less than
those of buildings 2–4 at all observation points. As shown
in Figure 21(b), when the rainfall time is 120min, the pore
water pressures of building 1 are greater than those of
buildings 2–4. ,is is because most rainwater around the
seepage wells infiltrates the ground rather than spreading
around the surface. As shown in Figure 22, as the rainfall
time increases from 10min to 30min, the pore water
pressures at observation points between building 1 and
buildings 2–4 all significantly decrease. As the rainfall
time increases from 30min to 120min, the pore water
pressures at observation points between building 1 and
buildings 2–4 all gradually decrease and tend to be stable.
In addition, Figure 22(a) shows that when the rainfall time
is 10min, the pore water pressures of building 1 at ob-
servation points 1 and 3 are −3.217 kN/m2 and −3.232 kN/
m2, respectively, which are consistent with -2.836 kN/m2

in the research of Hou et al. [21]. In the research of Hou
et al. [21], the site of the in-situ infiltration test is located
in the Hai River Education Park, Jinnan District Nankai
University, Tianjin. ,e site is 3 m × 3m area and includes
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Figure 15: Pore water pressure nephograms of buildings without seepage wells following (a) 10min and (b) 120min of rainfall in the
numerical model (the color of the legend represents the pore water pressure range.,e value of the legend represents the pore water pressure
value. ,e red % represents the volume percentage of color legend in the whole numerical model.).
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Figure 16: Pore water pressure at observation points 1–3 of
building 1 without seepage wells around buildings in the numerical
model.
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1.1 m of plain fill soil and 3.9m of clay. ,e rainfall in-
tensity is 0.058m/h. ,e seepage well is 0.1m in diameter
and 1m in height and is spaced at 1m intervals with the
previous brick on the top of the seepage well. ,e pore
water pressure of -2.836 kN/m2 is obtained at the middle
of two adjacent seepage wells. Figure 12 shows that ob-
servation points 1 and 2 for building 4 are adjacent to the
seepage wells of building 1, but the pore water pressures of
building 4 at observation points 1 and 2 (Figure 22(b))

were similar to that of Figure 16. Because there is a long
distance apart between building 4 and building 1, and the
pore water pressures of building 4 are not affected by the
seepage well of building 1.

(2) Total Head. ,e total head nephograms following 10min
and 120min of rainfall are shown in Figure 23. ,ese reflect
the changes in the total head of the buildings with seepage
wells placed around building 1.
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Figure 17: Total head nephograms of buildings without seepage wells after (a) 10min and (b) 120min of rainfall in the numerical model (the
color of the legend represents the total head range. ,e value of the legend represents the total head value. ,e red % represents the volume
percentage of color legend in the whole numerical model.).
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Figure 18: Total head at observation points 1–3 of building 1 without seepage wells around buildings in the numerical model.
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,e change in the total head over 120min of rainfall is
analyzed at observation points 1–3 in Figure 24.

As shown in Figures 23 and 24, when the rainfall time
is 10min, the total heads of building 1 are less than those
of buildings 2–4 at all observation points. As the rainfall
time increases, the difference in the total head between
building 1 and buildings 2–4 gradually decreases. When
the rainfall time is 120min, the total heads of building 1
are greater than those of buildings 2–4. ,is is because
most rainwater around the seepage wells infiltrates the
ground rather than spreading around the surface. In

addition, observation points 1 and 2 of building 4 are
adjacent to the seepage well of building 1, but the total
heads of building 4 at these observation points are not
affected by the seepage well of building 1 because they are
a long distance apart.

(3) Infiltration Velocity. ,e infiltration velocity nephograms
following 10min and 120min of rainfall are shown in
Figure 25. ,ese nephograms reflect the change in the whole
infiltration velocity of the buildings with seepage wells
placed around building 1.
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Figure 19: Infiltration velocity nephograms of buildings without seepage wells after (a) 10min and (b) 120min of rainfall in the numerical
model (the color of the legend represents the infiltration velocity range.,e value of the legend represents the infiltration velocity value.,e
red % represents the volume percentage of color legend in the whole numerical model.).
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Figure 20: Infiltration velocity at observation points 1–3 of building 1 without seepage wells around buildings in the numerical model.
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,e change in the infiltration velocity over 120min of
rainfall is analyzed at observation points 1–3 in Figure 26.

As shown in Figures 25 and 26, when the rainfall time
is 10min, the infiltration velocities of building 1 at ob-
servation points 1 and 3 are −0.00331m/s and
−0.00402m/s, which are in line with −0.00340m/s in the

findings of Liang et al. [12]. In the findings of Liang et al.
[12], the test chamber is 0.25 m in diameter and 0.40m in
height and includes 0.06m of pervious brick, 0.03m of
sand, 0.10m of crushed stone-sand-clay, 0.001m of
geotextile, and 0.22m of clay. ,e rainfall intensity is
0.059m/h. ,e seepage well is 0.076m in diameter and
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Figure 21: Pore water pressure nephograms of buildings when seepage wells are placed around building 1 following (a) 10min and
(b) 120min of rainfall in the numerical model (the color of the legend represents the pore water pressure range. ,e value of the legend
represents the pore water pressure value. ,e red % represents the volume percentage of color legend in the whole numerical model.).
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Figure 22: Pore water pressure at observation points 1–3 of (a) building 1 and (b) buildings 2–4 with seepage wells placed around building 1
in the numerical model.
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0.3m in height and is at the middle of the test chamber.
,e infiltration velocity of −0.00340m/s is obtained at
0.054m away from the middle of the test chamber. As the
rainfall time increases, the difference in infiltration ve-
locity between building 1 and buildings 2–4 gradually
decreases. When the rainfall time is 120min, the infil-
tration velocities of building 1 are greater than those of

buildings 2–4. ,is is because most rainwater around the
seepage wells infiltrates the ground rather than spreading
around the surface. In addition, observation points 1 and
2 of building 4 are adjacent to the seepage wells of building
1, but the infiltration velocities of building 4 at these
observation points are not affected by the seepage wells of
building 1 because they are a long distance apart.
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Figure 23: Total head nephograms of buildings with seepage wells placed around building 1 following (a) 10min and (b) 120min of rainfall
in the numerical model (the color of the legend represents the total head range. ,e value of the legend represents the total head value. ,e
red % represents the volume percentage of color legend in the whole numerical model.).
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Figure 24: Total head at observation points 1–3 of (a) building 1 and (b) buildings 2–4 with seepage wells placed around building 1 in the
numerical model.
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4.3.3. Installation of Seepage Wells around Buildings 1 and 2

(1) Pore Water Pressure. ,e pore water pressure nepho-
grams following 10min and 120min of rainfall are shown in
Figure 27. ,ese reflect the change in the whole pore water
pressure of the buildings when seepage wells are placed
around buildings 1 and 2.

,e changes in the pore water pressure over 120min of
rainfall are analyzed at observation points 1–3 in Figure 28.

Figures 27 and 28 show that the pore water pressure
nephograms of buildings 1 and 2 are initially different but
eventually similar to those of buildings 3 and 4. After 10min
of rainfall, the pore water pressures at observation points 1
and 3 for buildings 1 and 2 (Figure 28(a)) are similar to those
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Figure 26: Infiltration velocity at observation points 1–3 of (a) building 1 and (b) buildings 2–4 with seepage wells placed around building 1
in the numerical model.
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Figure 25: Infiltration velocity nephograms of buildings with seepage wells placed around building 1 after (a) 10min and (b) 120min of
rainfall in the numerical model (the color of the legend represents the infiltration velocity range. ,e value of the legend represents the
infiltration velocity value. ,e red % represents the volume percentage of color legend in the whole numerical model.).
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at observation points 1 and 3 for buildings 1 (Figure 22(a)),
which is in compliance with the findings of Hou et al. [21].
With increasing rainfall time, the difference in pore water
pressures between buildings 1 and 2 and buildings 3 and 4
gradually decreases. After 120min of rainfall, the pore water
pressures of buildings 1 and 2 are greater than those of

buildings 3 and 4. ,is is because most rainwater around the
seepage wells infiltrates the ground rather than spreading
around the surface. In addition, observation points 1 and 2 at
buildings 3 and 4 are adjacent to the seepage wells of buildings
1 and 2, but the pore water pressures are not affected by these
seepage wells because they are a long distance apart.
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Figure 28: Pore water pressure at observation points 1–3 of (a) buildings 1–2 and (b) buildings 2–4 with seepage wells placed around
buildings 1 and 2 in the numerical model.
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Figure 27: Pore water pressure nephograms of buildings with seepage wells placed around buildings 1 and 2 after (a) 10min and (b) 120min
of rainfall in the numerical model (the color of the legend represents the pore water pressure range. ,e value of the legend represents the
pore water pressure value. ,e red % represents the volume percentage of color legend in the whole numerical model.).
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(2) Total Head. ,e total head nephograms after 10min and
120min of rainfall are shown in Figure 29. ,ese images
reflect the change in the total head of the buildings when
seepage wells are placed around buildings 1 and 2.

,e value of the legend represents the total head value.
,e red % represents the volume percentage of color legend
in the whole numerical model.).

,e change in the total head over 120min of rainfall is
analyzed at observation points 1–3 in Figure 30.

Figures 29 and 30 show that the total head nephograms
of buildings 1 and 2 are initially different but eventually
similar to those of buildings 3 and 4. When the rainfall
time is 10min, the total heads at observation points 1–3
for buildings 1 and 2 vary by 0.068m, 0.271m, and
0.226m. As the rainfall time increases, the difference in
the total head between buildings 1 and 2 and buildings 3
and 4 gradually decreases. When the rainfall time is
120min, the total heads of buildings 1 and 2 are greater
than those of buildings 3 and 4. ,is is because most
rainwater around the seepage wells infiltrates the ground
rather than spreading around the surface. As shown in
Figure 12, observation points 1 and 2 of buildings 3 and 4
are adjacent to the seepage wells of buildings 1 and 2.
However, the total heads at observation points 1 and 2 of
buildings 3 and 4 are similar to those of Figure 16 because
the distances between buildings are large. In a word, the
influence range of seepage wells is limited. When the
distance between buildings exceeds the influence range of
seepage wells, seepage wells have little effect on the total
head of adjacent buildings, which also verifies the results
of pore water pressures.

(3) Infiltration Velocity. ,e infiltration velocity nephograms
following 10min and 120min of rainfall are shown in
Figure 31. ,ese figures reflect the change in the infiltration
velocity of the buildings when seepage wells are placed
around buildings 1 and 2.

,e change in the infiltration velocity over 120min of
rainfall is analyzed at observation points 1–3 in Figure 32.

Figures 31 and 32 show that the infiltration velocities of
buildings 1 and 2 are initially different but eventually similar
to those of buildings 3 and 4. After 10min of rainfall, the
infiltration velocities at observation points 1 and 3 for
buildings 1 and 2 (Figure 32(a)) are similar to those at
observation points 1 and 3 for buildings 1 (Figure 26(a)),
which agrees with the research of Liang et al. [12]. As the
rainfall time increases, the difference in the infiltration
velocity between buildings 1 and 2 and buildings 3 and 4
gradually decreases. When the rainfall time is 120min, the
infiltration velocities of buildings 1 and 2 are greater than
those of buildings 3 and 4. ,is is because most rainwater
around the seepage wells infiltrates the ground rather than
spreading around the surface. In addition, observation
points 1 and 2 of buildings 3 and 4 are adjacent to the
seepage wells of buildings 1 and 2, but the infiltration ve-
locities at these observation points are not affected by the
seepage wells because they are a long distance apart.

4.3.4. Analysis of Influence Range of Seepage Wells in
Buildings. To further analyze the influence range of the
seepage well, nine observation points are considered, as
shown in Figure 33.
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Figure 29: Total head nephograms of buildings with seepage wells placed around buildings 1 and 2 after (a) 10min and (b) 120min of
rainfall in the numerical model (the color of the legend represents the total head range.
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(1) Without Seepage Wells. ,e changes in the pore water
pressure over 120min of rainfall at observation points 6–14
in the absence of seepage wells are shown in Figure 34.

As shown in Figure 34, due to the symmetrical nature of
the model, the pore water pressures at observation points 6,
7, 13, and 14 are similar, as are those at observation points 8
and 12 and at observation points 10 and 11. As the rainfall

time increases from 10min to 50min, the pore water
pressures are similar at each observation point. Observation
points 10 and 11 record the highest pore water pressures,
closely followed by observation points 8 and 12. Observation
points 6, 7, 13, and 14 have lower pore water pressures. ,e
lowest pore water pressure occurs at observation point 9, and
remains almost unchanged.
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Figure 30: Total head at observation points 1–3 of (a) buildings 1–2 and (b) buildings 2–4 with seepage wells placed around buildings 1 and
2 in the numerical model.
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Figure 31: Infiltration velocity nephograms of buildings with seepage wells placed around buildings 1 and 2 after (a) 10min and (b) 120min
of rainfall in the numerical model (the color of the legend represents the infiltration velocity range. ,e value of the legend represents the
infiltration velocity value. ,e red % represents the volume percentage of color legend in the whole numerical model.).
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(2) Installation of Seepage Wells around Building 1. ,e
changes in the pore water pressure over 120min of rainfall at
observation points 6–14 with seepage wells placed around
building 1 are shown in Figure 35.

Figure 35 shows that the pore water pressures decrease at
observation points 7, 8, and 11, which are adjacent to the
seepage wells of building 1, compared with the case of no
seepage wells. ,ere are no obvious changes in the pore
water pressures at other observation points. Because the
seepage wells cause the rainfall around building 1 to infiltrate
the ground, the infiltration of rainwater into the sur-
rounding underground soil is reduced.

(3) Installation of Seepage Wells around Buildings 1 and 2.
,e changes in the pore water pressure over 120min of
rainfall at observation points 6–14 with seepage wells placed
around buildings 1 and 2 are shown in Figure 36.

Figure 36 shows that the pore water pressures decrease at
observation points 6, 7, 8, 10, and 11, which are adjacent to
the seepage wells of buildings 1 and 2, compared with the
case of no seepage wells. ,ere are no obvious changes in the
pore water pressures of other observation points. Compared
with the case of seepage wells around building 1 only, the
pore water pressure at observation point 8 exhibits obvious
changes. ,is is because the seepage wells of buildings 1 and
2 influence this observation point.

(4) Installation of Seepage Wells around All Buildings. ,e
changes in the pore water pressure over 120min of rainfall at
observation points 6–14 with seepage wells placed around all
buildings are shown in Figure 37.

Figure 37 shows that when all the buildings are equipped
with seepage wells, the pore water pressure at symmetrical
positions of the model is the same. ,e pore water pressure
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Figure 32: Infiltration velocity of observation points 1–3 of (a) buildings 1–2 and (b) buildings 2–4 with seepage wells placed around
buildings 1 and 2 in the numerical model.
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Figure 33: Observation points of buildings and pavements in the numerical model.
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at each observation point is lower than in the case without
seepage wells. At observation points 10 and 11, located in the
center of the four buildings, there is a larger change in the
pore water pressure than when setting seepage wells were
placed around buildings 1 and 2. ,is is because the seepage
wells of all buildings influence these observation points.

In summary, under the same working conditions, the
difference in the pore water pressure at each observation
point is not more than 0.010 kN/m2. When no seepage
wells are included in the model, the pore water pressure at
each observation point is about −28.964 kN/m2 after
rainfall for 10min and −26.598 kN/m2 after rainfall for
120min. Under the working conditions of a single
building with seepage wells, two buildings with seepage

wells, and all buildings with seepage wells, the pore water
pressures around the buildings with seepage wells are
similar, and the pore water pressure at each observation
point is about −28.638 kN/m2 after rainfall for 10min and
−24.852 kN/m2 after rainfall for 120min. ,ese results
show that the seepage wells have little effect at the be-
ginning of rainfall events. As the rainfall time increases,
however, the influence of the seepage wells gradually
increases because of the lateral infiltration of rainwater
caused by the seepage wells. Overall, the impact area of the
seepage wells is limited to about 1m2, so it is recom-
mended that all buildings be surrounded by seepage wells
to alleviate urban waterlogging.
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Figure 35: Pore water pressure of observation points 6–14 with
seepage wells placed around building 1 in the numerical model.
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Figure 36: Pore water pressure of observation points 6–14 with
seepage wells placed around buildings 1 and 2 in the numerical
model.
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Figure 34: Pore water pressure of observation points 6–14 without
any seepage wells in the numerical model.
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Figure 37: Pore water pressure of observation points 6–14 with
seepage wells placed around buildings 1–4 in the numerical model.
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5. Conclusions

,is paper has described the development of concrete
microseepage wells with good permeability and durability.
,e infiltration effect of concrete microseepage wells under
different rainfall intensities has been studied through artificial
simulated rainfall tests in situ. Numerical models of buildings
and microseepage wells are verified by comparing the pore
water pressure and infiltration velocity in the reference. Based
on the verified numerical model, the influence of four kinds of
seepage well arrangement schemes on the rainfall infiltration
around buildings is analyzed, and the optimal arrangement is
identified. ,e following conclusions can be drawn:

(1) ,e concrete microseepage wells are constructed
using a mixture ratio of crushed stone, cement, and
water of 1 : 0.13 : 0.11. ,e optimum size of the
crushed stone is found to be 0.5–1.0 cm, and the
optimum steel fiber content is found to be 2%.

(2) Results of in-situ artificial simulated rainfall tests
show that the infiltration of the concrete micro-
seepage wells is greater under higher rainfall in-
tensities. ,e water content at a given observation
point decreases with increasing horizontal distance
to seepage wells at the same depth and decreases with
increasing depth at the same horizontal distance to
seepage wells. ,erefore, concrete microseepage
wells can enhance soil infiltration performance.

(3) Compared with the case of no seepage wells, the pore
water pressure, total head, and infiltration velocity
obviously decrease at each observation point around
a single building with seepage wells. As the rainfall
time increases, the pore water pressure, total head,
and infiltration velocity in each region decrease
continuously. After 120min of rainfall, the infiltra-
tion velocity at each observation point around all
buildings becomes stable, and the infiltration ve-
locities of observation points 1 and 3 are similar.

(4) When two buildings are surrounded by seepage
wells, the pore water pressure nephograms, total
head nephograms, and infiltration velocity nepho-
grams all exhibit symmetric distributions, similar to
the case of a single building with seepage wells. As
the rainfall time increases, the pore water pressure,
total head, and infiltration velocity gradually de-
crease and become stable after rainfall for 120min.

(5) Nine observation points are considered to analyze
the influence range of the seepage wells. ,e results
show that the pore water pressure, total head, and
infiltration velocity are similar in the cases where
one, two, and all buildings have seepage wells. At the
beginning of the rainfall event, the seepage wells have
little influence on the infiltration of the soil, but the
influence increases over the duration of the rainfall.
Considering that the influence area of the seepage
wells is about 1m2, it is recommended that all
buildings should be equipped with seepage wells as
the best method to alleviate urban water logging.
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