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(Abstract

The problems of easy clogging and poor purification effect of rainwater runoff of Steel Slag Permeable Concrete (SSPC)

~

are very common. In this paper, a New Eco-Type of Steel Slag Permeable Concrete (NESSPC) was prepared by adding Filter
Material Ceramsite (FMC) and Plant Straw (PS), and the clogging condition and water purification ability of NESSPC were
numerically simulated and tested by COMSOL Multiphysics and experiment respectively. The results showed that the clogging
depth of NESSPC by oil-stained mud sand, mud sand and clay is 10-35 mm, 15-40 mm, and 40-80 mm respectively. The effect
of the coarse sand with particle size of 0.6-1.18 mm on the blocking depth of NESSPC is not significant, nevertheless, as the
clogging sand particle size decreases, resulting in an increase in the clogging depth of NESSPC. With the porosity raises,
the depth of clogging of NESSPC increases, and the purification effect of NESSPC on COD and NH,-N in rainwater runoff
increases, and the purification effect on SS reduces. The purification effect of NESSPC on rainwater runoff gradually increases
as the service life increases. This study gives some new thoughts related to the anti-clogging and rainwater runoff purification

\mechanism of NESSPC and provides theoretical design method for engineering application. )
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Introduction

With the rapid development of metallurgical industry, the
quantity of steel slag is increasing quickly. A large amount of steel
slag not only occupies land and pollutes the environment, but also
the heavy metals in steel slag will flow into the ground and pollute
the groundwater resources. Therefore, the effective deal with steel
slag has been widely concerned [1-7].

A large number of experimental studies and theoretical
analysis [8-11] reveal that steel slag has a certain degree of
hydration cementation, which can enhance the strength of the
cemented filler. The use of steel slag in concrete is feasible
and valuable for preserving natural resources, protecting the
environment, and generating economic benefits [ 12-14]. Therefore,
Lai [15] analysed the influence of the content of coarse steel slag
on the mechanical properties of concrete. The results show that

the compressive strength of steel slag concrete increases 5.8%
compared with ordinary concrete when the steel slag aggregate
content is 50%. Sharba [16] studied the effect of steel slag fine
aggregate on the mechanical properties of concrete. Results
indicated that steel slag can improve the mechanical properties
of concrete, and the mechanical properties of concrete are the
best when the steel slag fine aggregate content is 22%. Subathra
[17] analysed the durability of steel slag concrete under different
exposure conditions. Results revealed that steel slag concrete has
stronger acid erosion resistance compared with ordinary concrete,
and the absorption coefficient of steel slag concrete is lower than
that of conventional concrete under extreme, severe and extreme
exposure conditions, which proves that steel slag concrete is
suitable for extreme climate conditions. Newman [18] studied the
durability of steel slag concrete. Results indicate that, compared
with ordinary concrete, steel slag concrete has higher corrosion
resistance of sulphuric acid, magnesium sulphate and long-term
aging resistance.
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Permeable concrete is a kind of environment-friendly
pavement material, which can maintain the ecological balance of
the city. It can slow down surface subsidence, control rainwater
runoff pollution, alleviate urban heat island effect and urban
water logging [19-23]. To promote the development of permeable
concrete and improve the application of steel slag in pavement
engineering, some scholars investigated the properties of Steel
Slag Permeable Concrete (SSPC). Runze [24] studied the mix
ratio of SSPC. The results revealed that when the water-cement
ratio is 0.34, the particle size of fine aggregate is 0.6-2.36 mm, and
the particle size of coarse aggregate is 2.36-4.75mm, the strength
and permeability of SSPC reach the best, which are 35.6MPa and
3.5x10-2 cm/s, respectively. Wang [25] analysed the influence of
steel slag content on mechanical properties of SSPC. The results
show that with the increase of steel slag content, the permeability
and carbonization resistance of SSPC gradually decrease, while
the compressive strength of SSPC gradually increases. Zhang [26]
analysed the influence of mineral types on durability of SSPC. The
results indicated that with the increase of fly ash, ore powder and
steel slag powder content, the wear resistance and frost resistance
of SSPC increase gradually. It can be seen from the above that the
performance of SSPC satisfies the standard of urban road bearing
capacity. Therefore, the SSPC is a broad application prospect.

In practical engineering application, SSPC pavement is easy
to fill and blocked by silt particles, which leads to the gradual
decrease of seepage capacity of SSPC pavement, and it is difficult
to play the original seepage and permeability effect [12,27-29].
At the same time, road rainwater runoff carries many pollutants
that, if untreated, seep into the ground, not only damage sensitive
ecosystems, but also endanger human health. The existing SSPC
has low purification effect on rainwater runoff and cannot filter
most of its pollutants [30-32]. The problems of clogging and poor
purification of rainwater runoff from SSPC pavement have been
investigated by some scholars. However, no good solutions have
been found.

In conclusion, to improve the ability of SSPC to prevent
clogging and to purify rainwater runoff, a New Eco-Type of Steel
Slag Permeable Concrete (NESSPC) was prepared by adding
Filter Material Ceramsite (FMC) and plant straw (PS) into SSPC
in this paper. In view of the lack of performance and mechanism
analysis in literature, the effects of blocking fluids, porosity, and
sand gradation on the depth of NESSPC blockage were analysed,
as well as the purification effect of NESSPC on COD, SS and
NH3-N in rainwater runoff. Based on the results, the anti-clogging
mechanism and water purification mechanism of NESSPC are
revealed.

Simulations and Experimental
Materials

The materials used are P.O42.5R Portland cement, steel
slag, FMC, PS, micro-silica, water-reducing agent and water.

The NESSPC with small surface pore and large bottom pore was
prepared by a stratified casting method of two kinds of aggregate
particle size. The ratio of surface layer to bottom layer was 1:9,
and the particle size of steel slag aggregate used in surface layer
and bottom layer was 2.5-5 mm and 5-10 mm respectively. The
NESSPC is shown in Figure 1. Both FMC and PS are embedded
in the bottom aggregate, and the aggregate particle size of FMC is
6-8 mm, and the PS is flat and 0.5-1 mm in length. According to
the preliminary mechanical properties experiment [33], when the
water-binder ratio is 0.29, FMC content is 8%, PS content is 0.3%,
micro-silica content is 10% and water-reducing agent content is
0.3%, the compressive strength of the NESSPC can reach 31MPa
and the flexural strength is 4.1MPa, which meet the application
standards of permeable concrete pavement [34].
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Figure 1: NESSPC forming diagram.
Clogging simulation
Methodology

From the research of Pirnia [35] it is known that the core
cause of permeable concrete pavement clogging is the continuous
flow of sediment particles with water inside the pore space, which
continuously accumulates and results in clogging of the porosity
of permeable concrete pavement. The COMSOL Multiphysics
finite element software can effectively predict the seepage state of
fluids in porous media. Thus, COMSOL Multiphysics was used to
numerical simulation of NESSPC plugging using the bidirectional
coupling of CFD module and particle tracking module (PTM).
Based on Zhou’s [36] two-dimensional concrete aggregate random
accumulation algorithm. The NESSPC was a composite material
that includes aggregates, porosity, and cement, and the NESSPC
aggregates were randomly placed using MATLAB software,
as shown in Figure 2. At the same time, referring to the DEM
numerical simulation results of aggregate size of Ma and Yang
[37,38], the particle size of aggregate of surface layer was defined
as 2.5mm, 3mm and Smm, and the particle size of aggregate of
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bottom layer was defined as Smm, 8mm and 10mm, while the particle size of FMC was 6mm and the particle size of PS was 1mm. To
simulate the blocking process of NESSPC, the upper and lower parts of the model are set as fluid inlet and outlet, and the left and right
sides are set as sliding wall sealing surface. The inlet pressure is 0.14 MPa, and the outlet pressure is 0.01 MPa [39]. The NESSPC

aggregate accumulation model was imported into COMSOL to obtain the meshing results, as shown in Figure 3.
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Figure 2: NESSPC aggregate accumulation model.

(a) Overall model meshing (b) Local model meshing

Figure 3: NESSPC aggregate model meshing.
Governing equation

The governing equation includes continuous phase and dispersed phase. The fluid in the NESSPC is assumed to be incompressible,
isotropic, and the fluid percolation is an isothermal process with a temperature 0£293.15K. The continuous equation and the incompressible
N-S (Navier-Stokes) equation are used to describe the seepage zone. The continuous equation is shown in Equation 1.

@ﬂwm»}:o 1

Additional volume forces and porosity are added to the N-S equation to account for the influence of blocking particles in the fluid.
The N-S equation is shown in Equation 2-4.
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Where, p is the fluid density, A is porosity, V is fluid velocity

vector, 0 is fluid dynamic viscosity coefficient @ =1 p, 1 is the
viscosity of the fluid, Q is pressure, g is gravitational acceleration,
f. is volume force of fluid per unit volume, f, is volume force
of fluid on a single particle, n is the number of particles per unit
volume. Similarly, the momentum equation of clogged particles
in the fluid also considers the extra volume force when interacting
with the fluid, and the mathematical model is shown in Equation
5-6.
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Where, u, is the velocity of the particles in the fluid, m is the
mass of the particles, f,, is the sum of the volumetric forces acting
on the particles, ® is the angular velocity of the particles, g is the

acceleration of gravity, / is the inertial momentum, and M is the
moment acting on the particles.

According to Ma [37], the volume force of fluid acting on
blocked particles mainly includes drag force, pressure gradient
force and other forces. To simplify the calculation formula, the
volumetric force on the blocked particles is assumed to include
only drag force and pressure gradient force. Therefore, the
volumetric force can be calculated as Equation 7-8.
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Where, f, is the drag force of the fluid, r is the radius of
the particle, Ol is the empirical factor considering porosity, Re is

the Reynolds coefficient of the blocked particle, and V, is the flow
velocity of a single particle.

According to the relevant experimental study of Ma [37] and Cui
[39], the Reynolds coefficient Re and @ can be calculated by the
following Equation 9-10. d is the thickness of NESSPC.
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The CFD module simulates the flow of the fluid, and the
PTM simulates the movement of particles in a fluid under the force
of gravity, and two-way coupling is performed between both of
them. Equation 1-Equation 4 are achieved by CFD module, and
Equation 5-Equation 10 are achieved by the PTM. The volume
force on the particle is determined by the PTM, the fluid velocity
and pressure of each unit is determined by the CFD module. To
achieve the blockage simulation of NESSPC.

Material parameters

Three different clogging materials were selected and mixed
into clogging fluid for numerical simulation. In the simulation, the
density of water is 1000, and the viscosity of water is 0.001pa.s.
Based on relevant studies [40-42], the mass ratio of three kinds of
blocking fluid was defined. Clay was a mixture of water and clay.
Mud sand is a mixture of sand, clay and water, and sand: clay =
1:4; oil-stained mud sand is oil, sand, clay and water, and oil: clay:
sand = 1:1:4. (The sand is full-grade sand, as shown in Table 2.)
According to the mass ratio of blocking fluid, take 100g blocking
material into 2L water. Parameters of three kinds of blocking fluids
were obtained through experimental collection, as shown in Table
L.

To simulate the blocking process of NESSPC more
accurately, the blocking gravel includes fully graded sand, coarse
sand, and fine sand. According to relevant studies [37,43,44], the
density, shear modulus and Poisson’s ratio of the three gravels
are assumed as 2624 kg/m?, 1x10%a, and 0.3, respectively. The
recovery coefficient, static friction coefficient and sliding friction
coefficient between particles are 0.01, 0.5 and 0.21 respectively.
The grain size distribution of sand is shown in Table 2.

Parameters Clay Mud sand Oil-stained
mud sand
Particle sizerange 1 505 0,05 | 0.05-0.3 0.05~0.3
(mm)
Density ( gx cm?) 1.35 1.63 1.89
Viscosity (Pa xs) 13.4 17.7 26.3

Table 1: Parameters of blocking fluid.
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Note: The viscosity experiment was carried out by GB/T22235-2008 [45]. Density experiment was carried out through GB/T4472-2011
[46].

Particle size(mm) Fully graded sand (%) Fine sand (%) Coarse sand (%)
0.15-0.3 40 30 0
0.3-0.6 35 70 0
0.6-1.18 25 0 100

Table 2: Gravel gradation of blocking sands.
Note: The apparent densities of coarse sand, medium sand and fine sand are 2615 (kg/m?), 2624 (kg/m?) and 2695 (kg/m?) respectively.
Setting of simulated working conditions

To investigate the factors of blockage occurring in NESSPC. The influence of blocking fluid, porosity, and sand gradation on the
blocking depth of NESSPC were investigated by the principle of control variable method. Meanwhile, according to the experimental
studies of Cui [39] and Lee [47], the water depth of NESSPC road surface is assumed at 150mm, and the horizontal flow speed of the
road surface is controlled at 0.2mm/s. The simulated working conditions are shown in Table 3.

Experiment Porosity (%) Sand and gravel grading Blocking material

1 15 Fully graded sand Mud sand

2 20 Fully graded sand Mud sand

3 25 Fully graded sand Mud sand

4 20 Fine sand Mud sand

5 20 Coarse sand Mud sand

6 20 Fully graded sand Clay

7 20 Fully graded sand Oil-stained mud sand

Table 3: Working condition setting of NESSPC plugging simulation.
Rainwater runoff purification experiment
Polluted water sample configuration

According to the detection data of Erfanul and Thamali [48,49], the main pollutants in urban rainwater runoff are suspended
particulate matter (SS), chemical oxygen demand (COD), ammonia nitrogen (NH,-N), etc., whose concentration exceeds the level V
standard of surface water environmental quality. Therefore, the SS, COD and NH,-N were taken as the characterization indexes of road
rainwater runoff pollutants to study the purification effect of NESSPC on rainwater runoff.

Based on relevant studies [50,51], the method of adding chemical reagents to ordinary distilled water was adopted to configure
rainwater runoff pollution water samples. The target concentrations of SS, COD and NH,-N and the usage of corresponding chemical
reagents in the experiment are shown in Table 4. The concentration of mixed solutions in rainwater runoff is shown in Table 5.

Indicators (mg x L) COD NH,-N SS
Target concentration 145~270 3~15 260~600
Raw water concentration 210 5 600
Sample CH,,0, NH,CL Sedimentary soils

Table 4: Concentration index and corresponding chemical reagents.

Note: C.H O, is a glucose solution, and NH,CL is a standard solution of ammonia nitrogen.
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COD NH,-N SS
(mg x L) (mg x L") (mg x L")
200 10 400

Table 5: Contaminant concentration of NESSPC clogging mixed
solution.

Experimental program

Experimental investigations by Newman [52] show that the
food source of microorganisms in permeable concrete pavement
is mainly oil stains. Because, the oil stain can be transformed into
a variety of sugar components by the metabolic action of aerobic
bacteria and fungi when the oil stain stays in the permeable concrete
pavement interior. Thus, the NESSPC containing microorganisms
and NESSPC without microorganisms were compared and
analysed. The waste oil was sprinkled on the NESSPC, and the
NESSPC with the oil was moist environment curing for 56 days.
Oil stain curing was used to understand the purification effect of
pollutants in rainwater runoff after microbial growth in NESSPC.
The experiment scheme is shown in Table 6.

Group Porosity (%) With/::;i;:: ut oil
Gl 15 Non-oil stain caring
G2 20 Non-oil stain caring
G3 25 Non-oil stain caring
G4 15 Oil stain caring
G5 20 Oil stain caring
G6 25 Oil stain caring

Table 6: NESSPC experiment scheme for rainwater runoff.
Experiment Method

In the experiment, SS, COD and NH,-N were determined
by “Gravimetric Method of Suspended Solids in Water Quality”
(GB/T11901-1989) [53], “Determination of Water Chemical
Oxygen Demand - Dichromate Method” (HJ/828-2017) [54] and
“Determination of Ammonia Nitrogen in Water” (HJ/535-2009)
[55]. To directly reflect the purification effect of NESSPC on
various pollutants in rainwater runoff. The calculation formula of
pollutant removal ratio is defined as follows:

¢, -G,
v=_' "1x100% (11)

&

Where, U is the removal ratio of pollutants (%), C, is the
concentration of pollutants in water (mg/L), C, is the concentration

of pollutants in water at time t (mg/L), and Ucop ~ Uss + Vnn
-N are the removal ratios of pollutants COD, SS and NH,-N
respectively.

Results and discussion
Clogging depth

The depth of blockage is an important index to reflect the
degree of blockage of permeable concrete. Figure 4, Figure 5,
and Figure 6 show the influence of plugging fluids, porosity, and
sand gradation on the plugging depth of NESSPC. To reflect the
blockage depth of NESSPC more accurately and obviously, the
blockage results are represented by the concentration. The red
areas in the figs are the main area of NESSPC blockage.

Effects of blocking fluids

The influence of blocking fluids on the blocking depth of
NESSPC is shown in Figure 4. Obviously, when the plugging
objects are respectively oily-stained mud sand, mud sand and
clay, the plugging depth of NESSPC is 10-35mm, 15-40mm and
40-80mm. This indicates that NESSPC is easily blocked by oily-
stained mud sand and mud sand, while NESSPC is blocked by clay
for a relatively long time. This is mainly because of the wide range
of particle size of mud sand. In the process of mud sand moving
downward with water flow, the larger particle size can quickly
form the skeleton structure in the pores of NESSPC, resulting in
the rapid blockage and deposition of fine sand around the skeleton
particles. Therefore, the blockage time of mud sand is relatively
short. At the same time, oil stains have hydrophobicity and strong
viscoelasticity. After oil stains are added, the mud and sand
particles easily stick to the hole walls of the NESSPC, forming a
serious blockage. Clay has very small particle sizes, so it can flow
down with water. Some of the clay sticks to the internal pores of
the permeable concrete, forming a loose blocking structure, and
some of the clay is pushed out of the permeable concrete by the
water. As a result, clay clogs for a longer time. According to the
above analysis, oily stained can form a closed and stable blocking
structure inside the NESSPC road surface, and the blocking degree
is difficult to recover. Furthermore, the clogging structure formed
by the small particles such as clay is loose and unstable, and
the original permeability function can be restored under human
intervention.
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Figure 4: Influence of blocking fluids on plugging depth of NESSPC.
Effect of Porosity

The effect of porosity on NESSPC plugging depth is shown in Figure 5. The plugging depth and plugging thickness of NESSPC
increases as the porosity increases. This indicates that with the increases of porosity, the amount of sand trapped in the NESSPC
increased and the degree of blockage increased. This is mainly because, with the increase of porosity, the pore size and curvature of the
connected pores in permeable concrete pavement increase, leading to the decrease of the internal force preventing the flow of particles,
and the blocked particles are difficult to form a stable sedimentary structure in the early stage of seepage. Thus, as the porosity increases,
the number of blocked particles trapped in the NESSPC increases. According to the above analysis, the greater the porosity of NESSPC,
the greater the depth of blockage and the shorter the service life.
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Figure 5: Influence of porosity on plugging depth of NESSPC.
Effects of sand gradation

The influence of sand gradation on the plugging depth of NESSPC is shown in Figure 6. Most of the coarse sand stays at 0-15mm,
the fully graded sand stays at 15-40mm depth, and the fine sand can stay at 20-75mm depth. This is mainly because the internal pores
of NESSPC are irregular, and the sand with large particle size is easy to form skeleton pore structure on the surface of NESSPC under
the action of water flow, which is difficult to move down with water flow. The blockage depth of coarse sand is relatively shallow. Fine
sand is easy to migrate to the bottom under the action of water flow, but with the increase of migration depth, the seepage dynamic of
sand decreases, resulting in fine sand is easy to stick to the internal pore wall of NESSPC, blocking the connected pores of NESSPC.
However, in the downward migration process of fully graded sand, the larger sand particles are easy to form new skeleton particles,
leading to the reduction of the pore size around the particles. At this time, the smaller sand particles will rapidly accumulate and settle
around the skeleton particles, resulting in blockage. Therefore, the plugging position of fully graded sand is relatively shallow compared
with fine sand. According to the above analysis, coarse sand can be quickly deposited in the NESSPC, but the clogging effect is not
satisfactory. However, both fine sand and fully graded sand can form stable sedimentary arch structure in NESSPC which causes serious
blockage. This is like the experimental results of Kayhanian [56].
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Figure 6: Influence of sand gradation on plugging depth of NESSPC.

The clogging condition of NESSPC was numerically
simulated by COMSOL Multiphysics simulation software, and
the influence of blocking fluids, porosity, and sand gradation on
the clogging depth of NESSPC were analysed, and a consistent
conclusion with the corresponding physical test [57] was obtained.
The research achievements provide some basis for the prevention
and restoration of pore blockage in NESSPC pavements and the
optimization of pavement design.

Removal Ratio of Various Pollutants

Figures 7-9 show the influence of NESSPC on the removal
ratio of pollutants in rainwater runoff. Where, YZB stands for
NESSPC of general maintenance, and YZB stands for NESSPC of
oil stain maintenance. The experimental data of porosity obtained
from [58,39], standard uncertainties u is u(i)<0.22% , the evaluation
method refers to [59].

COD Removal Ratio

Figure 7 shows the influence of NESSPC on COD removal
ratio in rainwater runoff. The COD removal ratio of NESSPC form

rainwater runoff gradually increases as the increase of porosity.
After curing with oil stains, the COD removal ratio of NESSPC in
rainwater runoff increases, and with the increase of porosity, the
increase ratio increases obviously. This is mainly because, with
the increase of porosity, the number and thickness of the bonding
points between the aggregate of NESSPC decrease, resulting in
the increase of the looseness of the internal pore structure, and
the thickness of the cement inclusion layer of the FMC reduce.
The adsorption capacity of NESSPC to COD in rainwater runoff is
enhanced. After NESSPC is cured by oil stains, complex microbial
colonies are generated on the surface of ceramic particles inside
the NESSPC. Under the condition of oxygen, microorganisms can
synthesize COD into cellular substances or catabolize metabolism.
Therefore, the COD purification effect of NESSPC is obviously
enhanced. In addition, with the increase of porosity, the exposed
area of FMC in the NESSPC increases, and after oil curing, the
microbial content in the NESSPC increases. Therefore, with the
increase of porosity, the COD removal ratio of NESSPC increases
significantly.
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Figure 7: Influence of NESSPC on COD removal ratio in rainwater
runoff.

SS Removal Ratio

Figure 8 shows the influence of each NESSPC on SS removal
ratio in rainwater runoff. The removal ratio of SS from rainwater
runoff by the NESSPC decreases as the increase of porosity. After
oil stain curing, the SS removal ratio of NESSPC in rainwater
runoff increased obviously. This is mainly because, with the
increase of porosity, the pore size and number of connected pores
in the NESSPC increase, and the looseness of the accumulation
structure formed by suspended particles in the NESSPC pores
increases. Under the continuous scouring of water flow, part of SS
retained in the NESSPC is easy to wash down and discharged from
the NESSPC. Therefore, with the increase of porosity, the removal
ratio of SS from rainwater runoff gradually decreases. Secondly,
after oil curing, bacteria and fungi and other microorganisms on
the surface of the FMC in the NESSPC have high decomposition
ability and sedimentation performance, and SS in the rainwater
runoff can be adsorbed to the FMC surface, thus improving the
removal ratio of SS in the rainwater runoff.

Figure 8: Influence of NESSPC on SS removal ratio in rainwater
runoff.

NH,-N Removal Ratio

Figure 9 shows the influence of NESSPC of each group
on NH,-N removal ratio in rainwater runoff. The removal ratio

of NH,-N from rainwater runoff increases as the increase of
porosity. After oil curing, the NESSPC has no obvious effect on
the increase of NH,-N removal ratio in rainwater runoff. This is
mainly because, with the increase of porosity, the filling ratio of
cement in the NESSPC decreases, leading to the increase of the
contact area between FMC and rainwater runoff in the NESSPC,
and its adsorption capacity. Therefore, the removal ratio of NH,-N
increases gradually. On the other hand, the nitrogen removal
mechanism of microorganisms is mainly through denitrification to
transform NO_--N, NO,--N into N, and NO,. NESSPC is porous
and breathable material, and sufficient oxygen in the NESSPC
inhibits the activity of nitrogen oxide reductase, resulting in
inhibition of denitrification. Therefore, the removal ratio of NH,-N
from rainwater runoff by NESSPC did not increase significantly
after oil stain curing.

Figure 9: Influence of NESSPC on NH,-N removal ratio in
rainwater runoff.

According to the above analysis, with the gradual increase
of porosity, the purification effect of NESSPC on COD and NH,-N
in rainwater runoff gradually increases, while the purification
effect on SS gradually decreases. Secondly, with the increase of
service life, the number of microbial propagation in NESSPC road
surface gradually increases, and the removal effect of pollutants in
rainwater runoff gradually increases.

The mechanism analysis of anti-clogging and water purification
Anti-clogging Mechanism

The blocking mechanism of mud and sand particles [60] is
mainly the ratio of permeable concrete aggregate particle size to
blocking particle size, namely, 9=d, /d, where d, is the aggregate
particle size of road surface and d, is the particle size of blocking
particles. When, 9 <V3/(2V3)~6.46, the sand particles cannot
pass through the surface pores into the road surface, resulting in
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many sand particles are blocked out of the road surface, reducing
the phenomenon of sediment accumulation and settlement in the
internal structure of pervious concrete.

Therefore, the NESSPC with small surface pore and large bottom
pore was prepared by a stratified casting method of two kinds of
aggregate particle size. The particle size of aggregate on the surface
is 2.5-5 mm. Therefore, sand particles with particle size greater
than 0.75mm and household garbage are obstructed from the road
surface, prolonging the blockage process of the road surface.

On the other hand, FMC and PS were added into the SSPC
bottomaggregate. The purposeisto take advantage of the advantages
of large specific surface area and strong adsorption capacity of
FMC, adsorb the pollutants such as oil stains and bacteria in road
rainwater runoff to the surface of FMC, and provide necessary
living conditions for the reproduction of microorganisms. SEM
morphology of the interface transition zone between aggregate and
cement in NESSPC is shown in Figure 10. Obviously, compared
with the steel slag-cement interface transition zone, there are many
pores and holes in the FMC-cement interface transition zone,
which indicates that the incorporation of FMC can significantly
improve the adsorption capacity of NESSPC. In addition, there
are many micro pores in the interface transition zone, which is
conducive to the breeding and propagation of microorganisms. In
addition, when the microbial film is generated in NESSPC, the
PS that is not evenly wrapped by cement will gradually degrade
under the adhesion of the microbial film, so that new microporous
structure can be generated in NESSPC, extending the service life
of NESSPC road surface.

Steel slag

Cement

(b) Steel slag-cement interface transition zone

Figure 10: Aggregate - cement slurry interface transition zone.

Mechanism of Water Purification

NESSPC is a new type of pervious concrete material. The
defouling method of pervious concrete mainly focuses on three
aspects: (1) cement matrix filtration; (2) adsorption of particles of
FMC; (3) Microbial degradation and filtration.

Cement Matrix Filtration

Cement matrix is an important part of NESSPC to purify
rainwater runoff. This is mainly because the hydration of cement
can form silicon compounds, aluminium-iron compounds, and
gels, which can transform pollutants such as COD and TP from the
dissolved state into solid precipitates.

Therefore, some pollutants in rainwater runoff can be
trapped in NESSPC pores. At the same time, there are a large
number of microporous structures on the cement matrix, and when
it is immersed in water, the microporous structure forms many
cement-water critical surfaces, which can promote the dissolution
of Ca(OH),, AI**, Mg** and other elements in sewage, and the ion
exchange adsorption between these elements and NH," and PO *
in water, so as to achieve the purpose of water purification.

Adsorption of FMC

FMC is one of the most important decontamination
components of NESSPC. The surface of FMC is shown in Figure
11. The FMC has large specific surface area, abundant micro
pores, strong adsorption capacity and fast microbial reproduction.
Therefore, the uniformly dispersed ceramic filter material inside
the NESSPC can produce adsorption and filtration effect on
suspended particles, heavy metals, NH3-N, COD, and other
pollutants.

Figure 11: Surface of FMC.

Microbial Degradation and Filtration

According to the analysis of the experiment results, with
the increase of time, many microorganisms will grow on the FMC
and the surface of PS in the NESSPC, and the microorganisms
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take the pollutants in rainwater runoff as nutrients, which greatly
enhances the purification ability of NESSPC on rainwater runoff.
For example, microorganisms can decompose organic waste in
rainwater runoff, while bacteria can oxidize iron sulphide into
Fe* and SO*, and methanogens can decompose carbonate into
methane. Therefore, the microbial colony in the NESSPC plays a
core role in the purification of rainwater runoff.

Conclusion

In this paper, a NESSPC was prepared by adding FMC and
PS, and the clogging condition and water purification ability of
NESSPC were simulated and experimented respectively. The
effects of blocking fluid, porosity and sand gradation on the
blocking depth of NESSPC and the purification effect of NESSPC
on COD, SS and NH,-N in rainwater runoff were analysed. The
following

Conclusions can be drawn

1. NESSPC is easily blocked by mud sand and oil-stained mud
sand, while NESSPC is blocked by clay for a relatively long
time. The blockage structure formed by oil stain is difficult to
recover, while the blockage structure formed by clay is loose
and unstable, and the original permeability function can be
restored under human intervention.

2.  With the increase of porosity, the amount of blocked sand
retained in NESSPC gradually increased, and the degree of
blockage increased. Coarse sand has little effect on NESSPC
blockingeffect, while fine sand and fully graded sand can
cause serious blocking effect on NESSPC.

3. With the increase of porosity, the purification effect of
NESSPC on COD and NH.-N in rainwater runoff increases,
while the purification effect on SS decreases. The number
of microorganisms in NESSPC increased as the increase of
service life, and the removal effect of pollutants in rainwater
runoff increased gradually. In conclusion, based on numerical
simulation and experimental study, the blocking mechanism
of NESSPC and its purification mechanism of pollutants in
rainwater runoff are explained. This original investigation
provides a theoretical basis for the engineering application of
NESSPC.

Supplementary Material

Supplementary data associated with this article can be found,
in the online version, at application number: 202010766739 .9.
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