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ABSTRACT: This study investigated the effects of clogging in Pervious Concrete (PC) from
January 2015 to December 2022. Three different PC mixtures were used, which included
coarse aggregate (4.75-9.5 mm), fine aggregate (0-20% weight of coarse aggregate), cement
(340 kg/m3), and w/c ratio of 0.35. The samples were tested for compressive strength,
permeability, and porosity. The best PC mixture containing 10% fine aggregate was selected
for monitoring clogging over time. This mixture had a compressive strength of 24.7 MPa,
permeability of 1.19 mm/s, and void content of 13.96%. A large-scale prototype of PC10 (10%
of fine aggregate) measuring 3.5 m in length, 1.7 m in width, and 0.20 m in depth was
constructed in Mashhad City, Iran. The in-place infiltration rate was measured on a monthly
basis as the PC experienced different rainfall levels. The results showed that due to clogging,
the infiltration rate was reduced by an average of 10% for the first four years of the experiments.
This was followed by a substantial reduction of 20% in 2019 and 16.75% in 2020. Due to a
high level of clogging, the infiltration rate was reduced by 5.02% and 2.23% in 2021 and 2022,
respectively. However, the system still has the capacity to infiltrate at 1.14 mm/s. Although no
maintenance was performed on the PC system, its efficiency and lifespan were substantially
reduced. Nonetheless, the system can still be considered as an effective solution for stormwater
management.

KEYWORDS: Pervious concrete; clogging phenomenon; infiltration rate; stormwater
management

1. Introduction

Due to population growth and industrialization, cities have become denser and more populated.
Parking lots, sidewalks, streets, and other infrastructure are replacing areas once covered by
vegetation. This replacement increases the impact of anthropization, which is the act of
transforming natural environments and open spaces to meet specific functions through human
activities, especially during the urbanization process. The absence of natural surfaces and
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increasing anthropization have considerably disrupted the natural water cycle. The increasing
impervious surfaces in urban areas have left cities with the challenge of managing increased
runoff volumes, bank erosion, and flooding, eventually leading to the degradation of water
sources [1-2]. Permeable pavements provide significant benefits and play a pivotal role in
mitigating the detrimental impact of anthropization in urban areas. Hence, it is crucial to study
the performance of pervious concrete as a viable and effective option for permeable pavement.

The Pervious Concrete (PC) system has a large number of interconnected pores, and its
primary function is to allow runoff water to infiltrate through its joints [3]. This type of concrete
consists of coarse aggregate, cement, water, and little to no fine materials [4-5], leading to
emerging porosity between 15% and 25%, and permeability of up to 3.40 mm/s. However, the
compressive strength for PC is quite low due to high void content, ranging from 3.5 to 28 MPa
[6-7]. In recent years, the PC system has been widely used in parking lots, sidewalks, and green
areas of cities due to its eco-friendly advantages, such as urban runoff management, flood
prevention, reduction of anthropization impacts, and sound pollution by declining impervious
areas. However, its application is hindered by several disadvantages, including clogging issues,
poor durability, and low abrasion resistance and strength [8].

One of the advantages of the PC system is its ability to reduce the contamination of water
and wastewater by capturing pollutants in its pores [9-11]. The clogging phenomenon is a
serious threat to PC systems as it reduces their permeability and service life. Stormwaters carry
a large number of suspended solids and have a high concentration of total suspended solids
(TSS), which is the main reason for PC clogging, as the solids fill the pores of the PC and
reduce its hydraulic conductivity [12-15]. PC is susceptible to clogging, and this phenomenon
occurs within the first three layers of PC [16]. Gersson et al. investigated the infiltration rate of
PC with natural and recycled aggregate due to clogging with three different sediments. They
found that the clogging of PC with recycled aggregate was lower compared to PC with natural
aggregate, and maintenance of the system every five years would make a great contribution to
alleviating the clogging impact [17].

Past studies investigated the effects of sediment type on clogging potential in the
laboratory, and they mentioned that coarse sand particles did not significantly reduce the
permeability of PC as these large particles prevented them from entering the pores [18-19]. Cui
et al. studied the effects of sediment clogging in pervious concrete pavement under storm runoff
[20]. They reported that the pore clogging process included quick clogging, temporary
mitigation of clogging, and progressive clogging, and the PC pavements with more porosity
were more likely to encounter clogging. Zhou et al. investigated the effects of the diameter of
pores on the clogging phenomenon of PC via CT scanning and image processing to evaluate
the geometry of the open and closed pores [21]. They showed that the size of the pore is directly
related to the clogging degree, and it is possible to alleviate the effects of clogging by
considering a suitable mixture design.

There are several ways to alleviate the effects of clogging, such as vacuum sweeping and
pressure washing, and the second is more effective [22]. Kayhanian et al. evaluated the PC
clogging in a parking lot using the falling head method and NCAT device [23], and Deo et al.
developed a falling head permeability cell to assess the contribution of pores towards clogging
[24]. In 2014, a series of tests were performed to evaluate the mechanical and physical
properties of PC. Three different mixture designs, based on ACI 211 3/R [25], were mixed and
evaluated for compressive strength according to BS 1881 [26], porosity based on ASTM C1754
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[27], and permeability based on ACI 522 [28]. The best sample which had reasonable
compressive strength, porosity, and permeability was selected to construct a PC pavement as
shown in Fig.1 for investigating the clogging phenomenon.

B
Figure 1. A layer with 0.20 m thick coarse aggregate beneath the PC pavement (A) and constructed PC
pavement (B).

2. Materials and Methods

Portland Cement Type Il was used in this study based on the requirements of ASTM C150 [29]
to construct the PC mixture. The specimens for compressive strength tests were cast in 150 mm
cube molds and cured for 28 days in a water tank before testing. The compressive strength of
150 mm PC cubes were determined as per BS 1881 standard [26], and displayed in Fig. 2 (left).
Meanwhile, the porosity of PC specimens, as depicted in Fig. 2 (right), was assessed using
water displacement method, which is based on Archimedes’ principle of buoyancy and ASTM
C1754 [27]. The 100 mm PC cube specimens were oven-dried for 24 hours at 105 °C. The
immersed weights of PC specimens were measured and its porosity were calculated using
Equation 1. All the tests were conducted based on the necessary Standards and each data point
represents the average value of three specimens.

T°"‘I Technik

Figure 2. Compressive strength of PC samples based on BS 1881 (left), and measuring porosity of PC samples
(right).
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A, = (1 - (%)) 100% )

where, A.is the porosity (%), V is the volume (cm?), py is the water density (g/cm?), W; and
W are the specimen’s weight in water and dry weight (g).

To evaluate the clogging phenomenon on the PC pavement, first, a layer of coarse
aggregate (9.5-12.5 mm) was laid at the site with a depth of 0.20 m. The surface of the coarse
aggregate was wetted before pouring the top layer with PC10, with a thickness of 0.10 m for
better cohesion. After pouring the PC10, the surface was smoothed and cured for 28 days by
covering it with plastic to prevent the water from evaporating from the paste, as depicted in
Fig. 3.

D

v
Figure 3. Curing process of PC.

Covering the surface of the PC with plastic instead of spraying water on a daily basis
would prevent the water of the paste generated from cement hydration from evaporating,
ensuring that the curing process would be effective. From January 2015 to December 2022, the
in-place permeability of the PC was measured on a monthly basis. The PC experienced various
precipitation events, as illustrated in Fig. 4.
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Figure 4. Precipitation events in Mashhad from January 2015 to December 2022.
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To measure the infiltration rate of the PC and investigate the clogging phenomenon, the
method outlined in ASTM C1701 [30] was used, as shown in Fig. 5. According to the standard,
to prevent water leakage, the ring was secured to the pavement with foam. The surface of the
PC was cleaned of solids and debris and then pre-wetted by pouring approximately 3.6 kg of
water into the ring at a rate sufficient to maintain a head between the marked lines at a distance
of 10 and 15 mm from the bottom (Fig. 6), until all 3.6 kg of water was used. For the actual
test, 18 kg of water was used. The time measurement started as soon as the water touched the
PC surface and was stopped when free water was no longer present on the PC. The infiltration
rate was calculated based on Equation 3. To measure the permeability of the PC in laboratory
conditions and the in-place infiltration rate, the following tests were conducted:

ACI 522 (2006) provides a falling head method for measuring PC permeability in
laboratory conditions and uses Equation 1 [27], while ASTM C1701 provides a standard for
measuring in-place PC infiltration and uses Equation 2 [30].

K =% (ﬁ) 2)
At \h,

where a is the cross-sectional area of the device in mm?, L is the length of PC specimen in mm,
A is the cross-sectional area of the PC specimen in mm?, t is the time elapsed in sec, h; is the
initial head of water in mm, and h; is the final head of water in mm.

KM

where | is the infiltration rate in mm.h, K = 4,583,666,000 mm?® kg, M is the mass of
infiltrated water in kg, D is the inside diameter of infiltration ring in mm, and t is the time
required for measured amount of water to infiltrate in sec.

Figure 5. Measuring the infiltration rate of PC based on ASTM C 1701 [24].
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Figure 6. Marked lines in a distance of 10 and 15 mm to keep the level of water
3. Results and Discussion

To select the appropriate PC mixture for investigating clogging, three different samples were
tested for compressive strength, porosity, and permeability. These samples included an
aggregate size of 4.75-9.5 mm and different portions of fine aggregate (0-20% of the weight of
coarse aggregate). The mix proportions and results are presented in Table 1. After analyzing
the results, PC10 was chosen as the best mixture design to be examined in real conditions due
to its acceptable range of porosity and permeability and high compressive strength. A large-
scale prototype of PC10 with a length of 3.50 m, width of 1.70 m, and depth of 0.20 m was
constructed on a layer of coarse aggregate with a thickness of 0.20 m in Mashhad city, Iran, as
shown in Fig. 1. Monthly measurements of the in-place infiltration rate of PC were conducted
to investigate the clogging phenomenon of PC under precipitation.

Table 1. Mix proportions, mechanical and physical results of PC.

Mix Aggregate Cement Fine Water Compressive Porosity Permeability
code content Content aggregate content Strength (MPa) (%) (mms)
(kg/m3) (kg/m?3) content (kg)
PCO 1700 340 0 119 175 20.47 1.36
PC10 1700 340 170 119 24.7 13.96 1.19
PC20 1700 340 340 119 43.6 4.86 0.94

Figure 7 shows the in-place infiltration rate of PC10 on a monthly basis from Jan 2015
to Dec 2022. It is worth noting that no maintenance such as sweeping or pressure washing was
performed on the PC surface, and the infiltration rate of PC decreased slightly each month. As
seen in Fig. 4, the highest precipitation occurred from February to May of each year, and during
these months, a significant reduction in the permeability of PC was observed. However, a slight
decrease in permeability was also observed during dry months, indicating that PC permeability
continues to decrease over time, with a more pronounced effect during rainy months. The slope
of the infiltration rate line reduced significantly in the seventh and eighth years, approaching
the horizontal axis, indicating that the PC pavement had become significantly clogged in the
last two years of observation, and the effects of rainfall on filling the pores were not significant.
However, maintenance of the surface of PC by washing and sweeping can substantially
increase the lifespan of the system.
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Figure 7. Infiltration rate of PC10 from Jan 2015 to Dec 2022 on a monthly basis.

Table 2 presents the detailed values of PC infiltration rate. In the first four years of the
PC's lifespan, the average permeability reduction was about 10% per year, but this reduction
increased considerably from 2019 to 2020. By the end of 2020, the PC permeability had
decreased by 57.63%, while the infiltration rate of 1.14 mm/s was still acceptable for managing
stormwaters [31-34]. In 2021 and 2022, the PC pavement experienced a minimum reduction in
infiltration rate of 5.04% and 2.23%, respectively. This minimum reduction in PC permeability
in the last two years of the experiments indicates that the pores of PC have become significantly
clogged, and the permeability has reached its minimum value.

Table 2. Permeability of PC10 and effects of clogging.

L\("eoar;th - 2015 2016 2017 2018 2019 2020 2021 2022
Jan 2.961 2.709 24723 2.158 1.9291 1.5067 1.2301 1.1627
Feb 2.961 2.709 2.4485 2122 1.8862 1.4468 1212 1.1574
Mar 2.8937 2.5984 2.4252 2.087 1.8452 1.4226 1.189 1.1574
Apr 2.861 25722 2.3578 2.0703 1.7807 1.369 1.189 1.1522
May 27983 25464 2.3149 2.0536 1.7561 1.3473 1.1955 1.1574
Jun 27679 25212 2.3149 2.021 1.709 1.3262 1.189 1.1419
ul 27679 25212 2.2941 2.0051 1.6976 1.2861 1.1201 1.1574
Aug 2.7983 25212 2.2535 1.9894 1.6535 1.2732 1.1844 1.1419
Sep 27301 2.4965 2.2337 1.9894 1.6116 1.2732 1.1844 1.1419
Oct 27381 2.4965 2.2143 1.974 15719 1.2606 1.1789 1.1368
Nov 2709 2.4723 2.1952 1.974 15527 1.2544 1.1734 1.1419
Dec 2.6805 2.4965 2.158 1.9588 15433 1.2544 1.1681 1.1368

Infiltration
Reduction 9.47 7.84 1271 9.23 20.0 16.75 5.04 2.23
(%)

Figure 8 depicts the surface of the PC in December 2022. It is obvious that debris, sand,
clay, and solids have filled the pores of the PC system, and its service life has reduced
substantially. Although no maintenance was done to the PC during the experiment, the system
still has the ability to infiltrate stormwater at a permeability of 1.14 mm/s. It is anticipated that
the clogging phenomenon of the constructed PC would follow Equation (4), which indicates
the infiltration rate of the PC pavement, where Y is the infiltration rate (mm/s), and X is the
number of months after constructing the PC pavement. Equation (4) is more precise for the
first four years of operation. Also, the regression of the model is 0.9735, which presents the
accuracy of the prediction.

Y = —0.0215X + 2.9273 4)
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Figure 8. PC10 after 8 years of experiencing different rainfalls (A) and clogged surface of PC10 after 8 years (B).

4. Conclusions

This study aimed to investigate the effects of clogging on pervious concrete over an eight-year
service period from January 2015 to December 2022. A large-scale PC pavement measuring
3.50 min length, 1.70 m in width, and 0.20 m in depth was constructed in the city of Mashhad,
Iran. The PC system was subjected to varying amounts of rainfall over the eight years, causing
the pores of the pavement to fill with solids, debris, and sand. The results of the experiment
indicated that the PC pavement is a viable solution for managing stormwater runoff and
preventing floods. At the beginning, the infiltration rate of the PC was 2.96 mm/s, which
reduced by an average of 10% in the first four years, reaching 1.96 mm/s in December 2018.
Subsequently, the infiltration rate of the PC reduced considerably, with an annual reduction of
20% and 16.75% observed in 2019 and 2020, respectively, leading to a permeability of 1.25
mm/s in December 2020. From December 2020 onwards, the infiltration rate of the PC reduced
slightly, with only a 5.04% and 2.23% reduction observed in 2021 and 2022, respectively. This
suggests that the pores of the PC pavement are clogged enough, but at the end of the
experiment, the permeability of the system was 1.14 mm/s, indicating that it still has the
capacity to infiltrate.
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