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ABSTRACT: Using recycled aggregates (RA) from construction and demolition wastes to produce non-
structural concrete is a sustainable solution with dual environmental benefits. There is potential to use RA to
manufacture pervious concrete for permeable pavement systems. The ratio of concrete and clay brick
aggregates, designed porosity, and the complete mix design has been evaluated for their contributions to
making pervious concrete blocks. In this study, the porosity characteristics, hydraulic conductivity and
mechanical properties of the pervious concrete made in Vietnam were investigated aiming to characterize the
relationships among mechanical properties, total and effective porosities, and water permeability. Experimental
results showed that the mechanical strengths decreased basically with increasing of the design porosity, in
especial, the previous blocks made from clay brick aggregate led to the lowest of compressive and flexural
strength. The ratio of mixed aggregates, on the other hand, gave a negligible influence on the effective porosity
and permeability of pervious concrete blocks, and the water permeabilities were mainly controlled by the total
porosities of tested pervious blocks.
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1. INTRODUCTION Recycled aggregate (RA) is commonly used as
bulk backfill, as sub-base, base, or surface
Population growth, infrastructure, and housing materials in road construction, sidewalks, and
construction activities generate large amounts of hydraulically bound materials, and in the
construction and demolition waste (CDW) and as manufacture of new concrete structures as fresh
a result, increase demand for recycling concrete [1,7,8]. Due to the weak mechanical
construction waste. In many countries, the characteristics and the high variability in quality,
proportion of recycled aggregate used is very small, the use of recycled aggregates should be carefully
while the land available for landfill becomes scarce considered in terms of applicability in proportion
and the world demand for aggregate reaches a to the mechanical strength achieved. Therefor,
massive 40 billion tons per year. Therefore, more pervious concrete, which has a typical porosity of
solutions to this problem are needed [1]. 0.15 — 0.3 and median pore diameter of 2 — 4 mm
According to official statistics of major cities [9], has a high potential application of recycled
in Vietnam, the total amount of CDW generated is materials.
about 1.46 to 1.92 million tons per year [2]. The Pervious concrete displays better water
amount of CDW has also increased very quickly, permeability characteristics due to its connected
accounting for about 10-15% of urban solid waste. pore structure [10,11]. Futhermore, pervious
In special cities of Hanoi, Hochiminh, CDW concrete is an environmentally friendly material
accounts for 25% of urban solid waste [3]. that improves skid resistance and sound absorption
Meanwhile, the recycling rate is as low as 1% to characteristics, reduces the *‘heat island” effect
2% [2], which goes unmanaged due to lack of and for the natural ecosystem [14-17]. Pervious
legislation, awareness and technology and many concrete pavements are the most widely used in
other reasons. sustainable urban drainage systems due to their
In some countries, CDW is classified as inert availability and ease of construction in urban areas
materials (bricks, masonry, concrete and soil) that and also coastal areas [13]. Applications that can
are reused at construction sites and the remaining be mentioned are pavement in parking lots,
waste is disposed of at other landfill sites [4]. Japan sidewalks, and internal roads due to their poor
and other developed countries are leading the way strength related to porosity.
in recycling CDW, achieving 98% recycling, and Hydraulic conductivity or water permeability is
the recycled CDW is used in many applications the most valuable parameter of any porous
thanks to high taxes on natural aggregate and materials, and a number of studies have already
development of techniques [5, 6]. been carried out to relate the pore structure to
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permeability [14]. Experimental investigation has
shown that the hydraulic conductivity of any
porous materials is inherently dependent on the
pore features such as pore size, specific surface
area of pores, porosity, and the tortuous flow path
[16,18,19]. However, the interconnected pore
system (the main factor determining the drainage
capacity) is most affected by the type of aggregate,
not the size of the aggregate [17]. Pervious
concrete using recycled aggregates with many
angles often has a porosity greater than the desired
porosity and higher than when using normal
aggregates (from 2-3%) [19-22]. Another study
showed that recycling of concrete did not affect the
porosity but reduced its density and increased its
water permeability [19]. The water permeability of
pervious concrete achieved ranges from 0.1 to 3.3
cm/s. It is therefore suitable for the purpose of
water drainage [18,22] .

The water permeability coefficient depends on
the pore system, pore size, aggregate type, and
proportions of mixes [24,25]. Using recycled
aggregate increases the drainage rate of concrete
compared to using natural aggregate (with the
same cement paste ratio). Several studies have
shown that the permeability coefficient is 24.8
mm/s and 37 mm/s, respectively, for pervious
concrete using ceramic and recycled concrete
aggregate, while the permeability of natural
aggregate is 2lmm/s [22,26]. Barnhouse [23]
obtained permeability coefficients up to 55 and 80,
mm/s when using recycled aggregates to make
concrete with a hight porosity. The pore system is
enlarged and the water permeability of porous
concrete using recycled aggregate is increased due
to the thinner cement paste covering the aggregate
particles. This phenomenon occurs because the
specific surface area of recycled aggregate is
higher than that of natural aggregate [18,28,29]. In
some cases, although the porosity is equivalent to
that of natural aggregates, the drainage capacity is
still increased [25]. However, some authors
concluded that the drainage capacity depends only
on the porosity and is not significantly affected by
the use of recycled aggregate [26]. It has been
demonstrated that combining 50% fine glass waste
(2.36-5 mm) and 50% coarse aggregate from
concrete creates a pervious concrete that meets
both the strength and drainage requirements of the
Japanese standards (JIS A 5371) for pedestrian
roads [27]. In contrast, using 100% fine glass waste
drastically reduced the water permeability to only
0.3 mm/s.

2. RESEARCH SIGNIFICANCE
The available research results also have

different views and results on the effects of
recycled aggregates on the porosity and drainage
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characteristics. Further, the effects of clay brick
content in the recycled aggregate mix (brick and
recycled concrete) on the porosity and
permeability properties as well as the strength of
permeable concrete have not been reported by
many studies. In this paper, the relationship
between the porosity, water permeability, and
mechanical strength of pervious concrete blocks
with different proportions of aggregate mixture of
concrete and clay brick aggregates was
investigated.

3. MATERIALS AND TESTING METHODS
3.1 Materials

Three main materials are used in the fabrication
of pervious concrete: cement, coarse aggregates,
and water. Ordinary Portland cement with a
specific gravity and specific surface area of 3.1 and
3300 cm?/g, respectively, was used for this
investigation. The 28-day compressive strength of
cement is 47 MPa. No plasticizer was used in this
study. Two types of single-size coarse aggregates
of 5-10 mm diameter were considered in this
research. One was recycled aggregate comprised
of crushed structural concrete (RC), and the other
was crushed broken clay brick (RB). Both were
obtained from local construction sites inVietnam.

Concrete

Fig. 1 Coarse recycled aggregate:
aggregate (upper), Clay brick aggregate (lower)
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Table 1 Material properties of recycled aggregate from concrete and clay brick demolition waste

This study Quality standards/Coarse aggregate
Parameter Unit RC RB ClassH® ClassM ®  Class L ©
Specific gravity - 2.60 2.55 - - -
Bulk density kg/m?® 1620 1280 -
24h water absorption % 55 14.6 <3.0 <35 <7.0
Fine amount < 75um % 0 0 <1.0 <15 <2.0
Los Angeles abrasion % 38 46 <35 -
Density of oven-dried g/cm?® 2.27 1.62 >2.5 >23 -
Density in saturated g/cm?® 2.45 1.95 - -
surface-dry condition
@ JIS A 5021:2018 Recycled aggregate for concrete - Class H
®) J1s A 5022:2012 Recycled concrete using recycled aggregate - Class M
© JIS A 5023:2012 Recycled concrete using recycled aggregate - Class L
Table 2 Mixture proportions of pervious concrete
Design R | .
po?gsgi;ty cgr?é(r:e(teg Recycled brick Cement (C) Water (W)
(%) aggregate aggregate3 (kg/md) (kg/m3)
(RO) (k) (RB) (ko/m)
15 (RC15) 1519 0 414 138
100%RC 20 (RC20) 1519 0 337 112
25 (RC25) 1519 0 270 89
15 (RB15) 0 1121 414 137
100% RB 20 (RB20) 0 1121 337 112
25 (RB25) 0 1121 268 88
50%RC 15 (M15) 754 565 414 137
50%RB 20 (M20) 754 565 337 111
25 (M25) 754 565 268 88

The raw RA was initially large in size, and it was
crushed using a crushing machine. The crushed RA
was then sieved to obtain RA in the range of 5-10
mm. The aggregate size between 5 and 10 mm was
chosen as it was reported that a relatively smaller
amount of cement paste is sufficient to coat
aggregates in this range [14]. No treatment was
done to the RA to remove the adhering mortar in
order to minimize the production cost of pervious
concrete. Figure 1 shows the coarse aggregates used
in this study, and their properties are detailed in
Table 1. The higher water absorption and higher
Los Angeles abrasion loss of RC and RB were due
to the residues of cement mortar attached to the
aggregate surface and the high porosity of the
recycled aggregate.

3.2 Mixing Proportion

The mixture proportions for pervious concrete
were in accordance with the ACI 522R-10 [28]. In
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general, the overarching philosophy of mixture
proportioning for pervious concrete is to achieve a
balance between voids, strength, paste content, and
workability [28]. The coarse aggregate size No. 8,
which meets the requirements for C33/C33M was
used in this study. The water-cementitious material
ratio (w/c) is an important consideration for
obtaining the desired strength and void structure in
pervious concrete. Experience has shown that w/cm
in the range of 0.26 to 0.45 will provide the best
aggregate coating and paste stability. The w/c was
fixed at 0.33 in all mixtures. To ensure that water
will percolate through pervious concrete, the void
content, both in design of the mixture and measured
as the percent air by ASTM C138/C138M (the
gravimetric method), should be 15% or greater. The
design porosity was in the range of 15%, 20%, and
25% in this research. The paste percentage was
determined from wvoid content and lightly
compacted. The concrete mix design in this study is
shown in Table 2. The mix proportions are matches
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the average proportions of the materials used in
pervious concrete according to the literature
reviewed [29].

3.3 Testing Methods

The compressive and flexural strengths of
pervious concrete were determined after 28 days.
The porosity and water permeability coefficients of
pervious concrete were tested using rectangular
specimens 210 x 100 x 60 mm, and the reported
values are the average of three specimens. The
pervious concrete porosity was calculated by taking
the difference between the weight of specimens
oven dried and saturated by submerging under
water [30]. The total porosity, ng (m3/m3 in %) can

be determined by two methods. Assuming no
isolated pores in the sample, the ¢ was calculated

using Eq. (1):

$,=01- Gﬁ) x 100 (1)

where pq is the dry density (kg/cm®), Gs is the
specific gravity, and pw is the density of water
(kg/cm?).

If according to a water displacement method
[34,35], the ¢_can be calculated using Eq. (2):

— (1 — Ma—Msup
¢, =0 T X 100

2

where My is the mass of a dry sample (kg), Msu is
the mass of a specimen under water (kg), and Vris
the volume of specimen (cm?3).

The effective porosity, @erf (m3/m3 in %),
represents the open (connected) pores of the sample
[36,37] and can be determined by using Eq. (3):

— Ysur=Msup

_ sub
d)eff—(l — ) X 100

w

@)

where M. is the saturated surface dried weight of
a specimen (kg).

In addition, if it is assumed that the tested
sample has a bimodal pore system consisting of
inter-aggregate  (outer aggregate) and intra-
aggregate pores [34] and that the water absorbed in
the water adsorption test fully fills intra-aggregate
pores of aggregates and binders, the porosity of
intra-aggregate pore, @intra (M3/m3 in %) can be
calculated using measured water absorption, Waps
(%), and is given by Eq. (4):
Pinera = (1 — 72224 % 100 (4)
Water permeability (hydraulic conductivity; in

mm/s) was calculated by the following equation in
this study, and the experimental model is based on
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the principle of constant head method, according to
Japanese standards, JIS A5371-2016 [35].

t
K=tx o
Ah Ax30

x 10 @)
where t is the thickness of the sample (cm), Q is the
quantity of water (cm®), Ah is the water head
deference (cm), A is the area of the sample (cm?),
30 is the time (seconds), and 10 is the 1 cm equal to
10 mm.

4. RESULTS AND DISCUSSION
4.1 Density, Compressive and Flexural Strength

The results of density, compressive strength,
and flexural strength tests of pervious concrete are
shown in Table 2.

The density of pervious concrete depends on the
type of aggregates and is directly related to the
porosity of the sample specimen. The densities in
this study were between 1394 and 1957 kg/m?®,
which were lower than that of the conventional
concrete (about 2400-2500 kg/m®) due to the high
voids of pervious concrete. The lowest density of a
pervious concrete sample that used 100% clay brick
aggregate (RB) and 25% design porosity was 1394
kg/m3. The density of pervious concrete blocks
decreased with increasing of the design porosity,
and the highest density was 1957 kg/m® for the
sample using 100% concrete aggregate (RC) and
15% design porosity. Similar findings were noticed
by Ramezanianpour and Joshaghani, who reported
the density of pervious concrete as 1723 to 1901
kg/m?® depending on the mix proportions [32].

20.0
y =0.0204x - 25.064
R2=0.9689
16.0 4
| Flexural strength
& Compressive strength
S12.0 -
<
W
S 8.0
5 y = 0.0036x - 4.0488
R?2=0.9533
4.0 -
0.0
1300 1500 1700 1900 2100
Density (kg/m3)

Fig. 2 Relationship between compressive strength,
flexural strength, and density

For a given porosity, the compressive strength
of pervious concrete using clay brick aggregate
(RB) was lower than that using concrete aggregate
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(RC). The compressive strength of pervious
concrete using RC and RB varied from 7.5-15.5
MPaand 3.5-7 MPa, respectively, depending on the
designed porosity (Fig. 2).

For example, at 20% designed porosity, the
compressive strengths of concrete using 100%
concrete aggregate and 100% clay brick aggregate
were 11.3 MPa and 5.2 MPa, respectively. These
results are also consistent with previous results
[19,22,26]. The compressive strength of pervious
mixes made with brick aggregate ranged from 2-10
MPa. Meanwhile, author Zhang et al [21] showed
that the compressive strength of pervious concrete
using RA was in the range of 5-24 MPa. Giineyisi
et al. [38] used 100% RA, which had a compressive
strength of 14 MPa, and flexural strength of only
1MPa.

The same trend was found at the other designed
porosities. The highest compressive strength of 15.5
MPa was obtained with 15% designed porosity and
using 100% RC, while the concrete sample using
100% RB and 25% designed porosity showed the
lowest strength at 3.5 MPa. This result confirms that
designed porosity is the most important factor affect
in the compressive strength of pervious concrete
[2537,40]. Similar results were also observed in
Hung’s research, where the average void content for
Mixes 1, 2, and 3 was measured at approximately
22.2%, 13.7%, and 11.6%, respectively, while the
average compressive strengths were 11.0 MPa, 13.3
MPa, and 18.4 MPa [36].

The effect of design porosity on the compressive
strength of concrete using brick aggregate was
lower than when using concrete aggregate.
Specifically, the design porosity increased from
15% to 25%, the compressive strength of concrete
using RB decreased from 7 to 4.5 MPa, respectively,
equivalent to 36%, while that of pervious concrete
using RC decreased from 155 to 7.5 MPa,
equivalent to 52%. This phenomenon occurs
because the strength of concrete depends more on
the aggregate strength and adhesion strength
between aggregate and cement paste due to
increasing porosity. With the low strength
characteristics of RB, almost failures occur due to
aggregate breakage.

Meanwhile, the pervious concrete using RC is
stronger than that using RB, and it relies on the
adhesion strength of the cement paste and recycled
aggregate, which is affected by the design porosity
and attached mortar in RC. The compressive
strength of pervious concrete using 50% RB and
50% RC is higher than that of pervious concrete
using 100% RB and lower than the case of using
100% RC. Thus, the strength of pervious concrete
is directly related to the porosity and weakness of
the attached mortar in recycled aggregate.
Therefore, it reduces the strength of the pervious
concrete.
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Fig. 3 Compressive and flexural strength of
pervious concrete with different designed porosities

The relationship between density, compressive
strength, and flexural strength of all specimens is
shown in Fig. 2. An increase in density enhanced
the strength development of all mixes. When we
compared the effects of aggregate type and design
porosity on the compressive strengths, flexural
strengths within each mix design were quite similar.
As shown in Fig. 3, as the porosity increases, the
flexural strength of the pervious concrete decreases.
For example, the flexural strengths of RC 15 and
RB 15 were 3.1 MPa and 1.5 MPa, while those of
RC 25 and RB 25 were 2.0 and 1.0 MPa,
respectively (Table 3).

4.2 Porosity

The method for determining the porosity of
pervious concrete in this research involves a
volumetric procedure in which the mass of water in
a sealed pervious concrete sample is converted to an
equivalent volume of pores. As shown by the results
in Fig. 4 three different porosities were present:
total porosity, effective porosity, and the porosity of
intra-aggregate pores. The relationship between
designed porosity and measured porosity of all
specimens is shown in Fig. 5.

Thereby, it can be concluded that the total
porosity and effective porosity increase with the
increase of designed porosity, while the intra-
aggregate pores seem to be unaffected. Unlike
smooth round aggregates, pervious concrete using
RA often has a porosity value greater than the
design porosity due to the shape and angles of the
aggregate [21,22]. The results show that the
measured effective porosity is higher than the
designed porosity (15%, 20%, and 25%).
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Table 3: Parameters of tested pervious concrete samples

Density  Total Total Effective Intra- Water Compressive  Flexural
Mixes (kg/m® porosity porosity — porosity  aggregate  permeability strength strength
(1) (2) Pert (%) pores K (MPa) (MPa)
gr (%) g1 (%) Pinra (%) (mmy/s)
RC15 1957 18.0 17.0 15.0 2.00 4.5 155 3.1
RC20 1806 24.0 22.6 20.5 2.10 6.0 11.3 2.4
RC25 1648 28.0 27.2 25.3 1.90 7.6 7.5 2.0
RB15 1521 275 26.5 14.2 12.3 5.7 7 15
RB20 1481 34.0 32.1 20.0 121 7.5 5.7 1.4
RB25 1394 39.0 37.8 26.0 11.8 8.5 4.5 1
M15 1608 23.3 22.0 14,5 7.5 6.4 8 2.1
M20 1584 275 26.9 19.7 7.2 7.3 7.3 1.65
M25 1525 32.8 317 24.0 7.7 8.2 5.5 13

When using RB aggregates and mixing
aggregate M, the total porosity is significantly
higher than the effective porosity and the designed
porosity. On the other hand, when using RC
aggregates, the total porosity is slightly higher than
the design porosity (from 1% to 1.2%). After 24 h
of water immersion, the voids in the aggregate have
been filled with water due to the water absorption
properties of the RC aggregate. However, in the
other research of Debnath and Sarkar [16] the
pervious mix using brick aggregate showed
somewhat lesser porosity value than the mix made
with stone aggregate. During compaction, there is a
tendency of brick aggregate to be crushed into finer
particles, which fills the available void spaces. The
voids are filled with water after 24 h immersion in
water, contributing to the total porosity.

50 -
M Total porosity
Effective porosity
40 A H Intra-Aggregate porosity
X 30
Z
1%}
o
o 20 1
a
10 ~

Fig. 4 Total porosity, effective porosity, and intra-
aggregate porosity with different designed
porosities

The intra-aggregate porosity, on the other hand,
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does not contribute to the water permeability
properties [40]. Effective porosity excludes intra-
aggregate pores and closed voids. The RB 25 mix
had the highest total porosity of 39%, while the
smallest total porosity was 16% for RC 15. Samples
using blended aggregates (50% RC — 50% RB) had
total porosities of 22%, 26.9%, and 31.7%
corresponding to 15%, 20%, and 25% designed
porosity. Figure 5 shows the total porosity
calculated by two different equations bases on the
experimental test results,, The total porosity
determined by Eq. (1) was larger than that of Eq.
(2).

45
M Total porosity (Eg. 2)
40 { M Total porosity (Eqg. 1)
35 A
X 30
z
8 25 -
o
a
20 A
15 A1
10 -
S QO H O 0 H O Qo
NV VY VT QT Y U\
I IR R

Fig. 5 Total porosity calculated by two different
equations

For example, for a given design porosity of
20%, the total porosity of the pervious concrete
samples using concrete aggregate, clay brick
aggregate, and blended aggregate corresponding to
Eq. (1) were 24%, 34%, and 27.5%, respectively,
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while these figures when applying Eq. (2) were
22.6%, 32.1%, and 26.9%, respectively. The
difference in the two calculation formulas is
because Eq. (2) calculates the total porosity only
when those voids are filled with water. In fact, after
24 h immersion in the sample in water, there are still
some isolated pores or small capillary tubes along
with the air pressure in the pores preventing the
water from filling them completely even when
soaked longer than 24 h. With the increase in the
porosity, the strength of pervious concrete is
reduced. Figure 7 shows the correlation between
compressive  strength, porosity, and water
permeability of pervious concrete. It displays the
tendency of compressive strength to decrease when
the void ratio increases.

4.3 Water Permeability

The pervious concrete block that were expected
to have the highest permeability rates were those
constructed from single-sized aggregates. The
permeability of the pervious concrete mixtures is
shown in Table 3 and illustrated in Figs. 6 and 7.
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Fig. 6 Relationship between water permeability and
effective porosity
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As with the effective porosity, the trends were
opposite those of the concrete strength. The results
confirm that the water permeability of pervious
concrete rises with an increase in the void ratio. On
other hand, with the increase of total porosity and
effective porosity, the compressive, flexural
strength decreases. The RC 15 mixture has
significantly lower hydraulic conductivity than
RC 25 at 4.5 mm/s and 7.6 mm/s, respectively. The
high values of water permeability coefficients of
5.7-8.5 mm/s were achieved with pervious
concretes using RB aggregate. The water
permeability of RC aggregate was lower than that
of RB aggregate with 4.5-7.6 mm/s. Similar results
were also observed in Aliabdo et al [41]: the
increase of recycled aggregate content increases
water permeability, ranging from 5.2-6.2 mm/s.

In general, using RB aggregate for pervious
concrete can increase the drainage capacity,
although the porosity is equivalent to the other
aggregates such as RC aggregate or mixed
aggregate. This point was confirmed by Gaedicke et
al. [25] and Hung et al. [36]: despite having the
same porosity, there was a difference in the
permeability coefficient. The explanation for such
consequences is the fact that the angular shaped
aggregates possess larger shortest paths, which has
resulted in a higher water permeability coefficient.

The level of porosity and permeability at all
designed porosities illustrates a slight decrease with
the decrease in the percentage of clay brick content.
Due to the light compaction, there was no tendency
for brick aggregate to be crushed into finer particles,
which would fill the available void spaces as well
as providing better enveloping of aggregates [16].
For example, for a given designed porosity, the
water permeability of pervious concrete was 7.5,
7.3, and 6.0, corresponding to when 100%, 50%,
and 0% clay brick were used.

From the experimental test results, it is
understood the relationships among porosity,
strength, and permeability of pervious concrete are
understood. It ca be used to estimate the void
content needed for mixtures that satisfy the
specification requirement for permeability and
strength of concrete. By determining the void ratio,
it is possible to obtain proper permeability and
compressive strength.

5. CONCLUSIONS

Based on the experimental investigation of
pervious recycled aggregate concrete, the effects of
coarse aggregate types and designed porosity on
pervious concrete properties were analysed. From
the test results, the following conclusions could be
drawn:

1) This study deals with the analysis of porosity
and the permeability of pervious concrete using the
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recycled aggregate from crushed concrete waste
(RC) and crushed clay bricks waste (RB). It is clear
from the test results that the porosity of pervious
concrete with brick aggregate shows different
phenomena from that of the recycled concrete
aggregate and conventional aggregate.

2) The density of pervious concrete mixtures
changed from 1394 kg/m® to 1957 kg/m?® as total
porosity decreased from 37.8% to 17% when the
clay brick content in blended aggregate range from
100% to 0%. The density decreased with an
increase in total porosity and decreasing strength of
the pervious concrete. However, the obtained
compressive strengths of 3.5 — 15.5 MPa were
within the typical strength distributions reported
[19,23,42]. Linearity can be used to describe the
relationship among density, compressive strength
and flexural strength, and the coefficient of
determination reaches 0.97 and 0.95, respectively.

3) Porosity is the most important factor
determining  pervious  concrete  properties
(permeability, compressive strength, flexural
strength). Higher porosity improves permeability
but decreases the mechanical properties of the
samples. The total porosity not only affects the
permeability of the mix, but also represents the
characteristics of coarse aggregate. The clay brick
aggregate and the attached mortar in recycled
aggregate contributes significantly to total porosity
thanks to an intra-aggregate porosity.

4) The water permeability, on the other hand,
was affected by the intra-aggregate porosity.
Effective porosity and shortest paths (connected
pores) are crucial factor to permeability. The use of
recycled aggregate had a slight effect on
permeability depending on the compacting method
and aggregate angularity. In this study, water
permeability coefficients of 5.7-8.5 and 4.5-7.6
mm/s were achieved with pervious concretes using
RB and RC aggregate, respectively.

6. ACKNOWLEDGEMENTS

This research was supported by JST-JICA
Science and Technology Research Partnership for
Sustainable Development (SATREPS) project (No.
JPMJSA1701) and Hanoi University of Civil
Engineering (HUCE)

7. REFERENCES

[1] Tam V. W. Y., Soomro M., Evangelista A. C.
J., A review of recycled aggregate in concrete
applications (2000-2017), Construction and
Building Materials, vol. 172, 2018, pp. 272—
292.

MONRE. National State of Environment
Report 2011: Solid waste (in Vietnamese),
2011, pp. 13-38.

(2]

19

[3] MONRE. National State of Environment
Report 2017 - Secsion: Solid waste
management (in Vietnamese), 2018, pp. 45—
46.

EPD, Monitoring of Solid Waste in Hong
Kong, Waste  Statistics for 2015,
Environmental Protection Department, 2015,
pp. 1-34.

Soderholm P., Taxing virgin natural
resources: Lessons from aggregates taxation
in Europe, Resources, Conservation and
Recycling, vol. 55, no. 11, 2011, pp. 911-922.
Tam V. W. Y., Tam L., and Le K. N., Cross-
cultural comparison of concrete recycling
decision-making and implementation in
construction industry, Waste Management,
vol. 30, no. 2, 2010, pp. 291-297.

Yamaya K., Oyake Y., Suenaga Y., and
Yoshida H., Study on Physical Properties and
Grass Growth Capacity of Porous Concrete,
International Journal of GEOMATE, vol. 22,
no. 91, 2022, pp. 8-13.

Arisha A. M., Gabr A. R., El-Badawy S. M.,
and Shwally S. A., Performance evaluation of
construction and demolition waste materials
for pavement construction in Egypt, Journal of
Materials in Civil Engineering, vol. 30, no. 2,
2018.

Sumanasooriya M. S., and Neithalath N.,
Stereology and morphology based pore
structure descriptors of enhanced porosity
(pervious) concretes, ACI Materials Journal,
vol. 106, no. 5, 2009, pp. 429 — 438.
Sansalone J., Kuang X., Ying G., and Ranieri
V., Filtration and clogging of permeable
pavement loaded by urban drainage, Water
Research, vol. 46, no. 20, 2012, pp. 6763-
6774.

Huang J. et al., Influence of porosity and
cement grade on concrete mechanical
properties, Advances in concrete construction,
vol. 10, no. 5, 2020, pp. 393-402.

Ferrari A., Kubilay A., Derome D., and
Carmeliet J., The use of permeable and
reflective pavements as a potential strategy for
urban heat island mitigation, Urban Climate,
vol. 31, 2020, 31: 100534, pp. 1-44.

Dong N. V., Trung N. T.,, Tung P. T.,
Experimental study on pervious cement and
pervious geopolymer concretes using sea sand
and seawater, International Journal of
GEOMATE, vol. 23, no. 99, 2022, pp. 63-71.
Chandrappa A. K. and Biligii K. P,
Comprehensive investigation of permeability
characteristics of pervious concrete: A
hydrodynamic  approach, Construction and
Building Materials, vol. 123, 2015, pp. 627-637.

[4]

[5]

[6]

[7]

8]

[9]

[10]

[11]

[12]

[13]

[14]



[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

International Journal of GEOMATE, Jan., 2023, Vol.24, Issue 101, pp.12-21

Chittoori B., Moghal A. A. B., Pedarla A., and
Al-Mahbashi A. M., Effect of Density on the
Pore Size and Pore Volume of Expansive
Clays, In: Geo-China 2016, 2016, pp. 183-190.
Debnath B. and Sarkar P. P., Permeability
prediction and pore structure feature of
pervious concrete using brick as aggregate,
Construction and Building Materials, vol. 213,
2019, 2019, pp. 643-651.

Cosi¢ K., Korat L., Ducman V., and Netinger
I., Influence of aggregate type and size on
properties of pervious concrete, Construction
and Building Materials, vol. 78, 2015, pp. 69—
76.

Bhutta M. A.R., Hasanah N., Farhayu N.,
Hussin M. W., Tahir M. B. M., and Mirza J.,
Properties of porous concrete from waste
crushed concrete (recycled aggregate),
Construction and Building Materials, vol. 47,
2013, pp. 1243-1248.

Zaetang Y., Sata V. Wongsa A., and
Chindaprasirt P., Properties of pervious
concrete containing recycled concrete block
aggregate and recycled concrete aggregate,
Construction and Building Materials, vol. 111,
2016, pp. 15-21.

Ibrahim H. A., and Razak H. A., Effect of
palm oil clinker incorporation on properties of
pervious concrete, Construction and Building
Materials, vol. 115, no. July, 2016, 2016, pp.
70-77.

Zhang Z., Zhang Y., Yan C., and Liu Y.,
Influence of crushing index on properties of
recycled aggregates pervious concrete,
Construction and Building Materials, vol. 135,
2017, pp. 112-118.

Ulloa-Mayorga V. A., Uribe-Garcés M. A,
Paz-Gémez D. P., Alvarado Y. A., Torres B.,
and Gasch |I., Performance of pervious
concrete containing combined recycled
aggregates, Ingenieria e Investigacion, vol. 38,
no. 2, 2018, pp. 34-41.

Barnhouse P. W. and Srubar W. V., Material
characterization and hydraulic conductivity
modeling of macroporous recycled-aggregate
pervious concrete, Construction and Building
Materials, vol. 110, 2016, pp. 89-97.
Sumanasooriya M. S. and Neithalath N., Pore
structure features of pervious concretes
proportioned for desired porosities and their
performance prediction, Cement and Concrete
Composites, vol. 33, no. 8, 2011, pp. 778-787.
Gaedicke C., Marines A, Mata L., and
Miankodila F., Effect of recycled materials and
compaction methods on the mechanical
properties and solar reflectance index of pervious
concrete, vol. 30, no. 3, 2015, pp. 159-167.

20

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Sriravindrarajah R., Wang N. D. H., and Ervin
L. J. W., Mix Design for Pervious Recycled
Aggregate Concrete, International Journal of
Concrete Structures and Materials, vol. 6, no.
4, 2012, pp. 239-246.

Lu J. X, Yan X, He P., and Poon C. S,
Sustainable design of pervious concrete using
waste glass and recycled concrete aggregate,
Journal of Cleaner Production, vol. 234, 2019,
pp. 1102-1112.

ACI 522.R-10, Report on Pervious Concrete,
no. March. 2010, pp. 1-42.
Elizondo-Martinez E. J., Andrés-Valeri V. C.,
Jato-Espino D., and Rodriguez-Hernandez J.,
Review of porous concrete as multifunctional
and sustainable pavement, Journal of Building
Engineering, 2020, 27, pp 100967.

Montes F., Valavala S., and Haselbach L. M.,
A new test method for porosity measurements
of portland cement pervious concrete, Journal
of ASTM international, vol. 2, no. 1, 2005, pp.
1-13.

ASTM C1754/C1754M-12, Standard Test
Method for Density and Void Content of
Hardened Pervious Concrete, Annual book of
ASTM standards, American Society for Testing
and Materials, vol. 09.49, 2012, pp. 1-3.
Ramezanianpour A. A., and Joshaghani A.,
Mechanical characteristic of pervious concrete
considering the gradation and size of coarse
aggregates, Research Journal of
Environmental and Earth Sciences, 2014, pp.
437-442.

Liu H., Luo G., Wei H., and Yu H., Strength,
permeability, and freeze-thaw durability of
pervious concrete with different aggregate
sizes, porosities, andwater-binder ratios,
Applied Sciences (Switzerland), vol. 8, no. 8,
2018, pp 1-16.

Durner W., Hydraulic conductivity estimation
for soils with heterogeneous pore structure,
Water Resources Research, vol. 30, no. 2.
1994, pp. 211-223.

JSA, JIS A 5371:2016 - Precast Unreinforced
Concrete Products, 2016, pp. 1-86.

Hung V. V., SeoS. Y., KimH. W., and Lee G.
C., Permeability and strength of pervious
concrete according to aggregate size and
blocking material, Sustainability
(Switzerland), vol. 13, no. 1, 2021, pp. 1-13.
Chittoori B. C. S., Moghal A. A. B., Pedarla A.,
and Al-Mahbashi A. M., Effect of unit weight on
porosity and consolidation characteristics of
expansive clays, Journal of Testing and
Evaluation, vol. 45, no. 1, 2017, pp. 94-105.
Guneyisi E., Gesoglu M., Kareem Q., and ipek
S., Effect of different substitution of natural



[39]

[40]

[41]

International Journal of GEOMATE, Jan., 2023, Vol.24, Issue 101, pp.12-21

aggregate by recycled aggregate on
performance characteristics of pervious
concrete, Materials and Structures, vol. 49, no.
1, 2016, pp. 521-536.

Kevern J. T., Wang K., and Schaefer V. R,
Effect of coarse aggregate on the freeze-thaw
durability of pervious concrete, Journal of
Materials in Civil Engineering, vol. 22, no. 5,
2010, pp. 469-475.

Bear J., Dynamics of fluids in porous media
American elsevier publishing company inc.,
1988, pp. 27-113.

Aliabdo A. A., Elmoaty A. E. M. A, and
Fawzy A. M., Experimental investigation on
permeability indices and strength of modified

21

pervious concrete with recycled concrete
aggregate, Construction and  Building
Materials, vol. 193, 2018, 2018, pp. 105-127.
[42] Arifi, Cahya E., Nur E., Evaluation of fly ash
as supplementary cementitious material to the
mechanical properties of recycled aggregate
pervious concrete, International Journal of
GEOMATE,, vol. 18, no. 66, 2020, pp. 44-49.

Copyright © Int. J. of GEOMATE All rights reserved,
including making copies unless permission is obtained
from the copyright proprietors.




	POROSITY AND PERMEABILITY OF PERVIOUS CONCRETE USING CONSTRUCTION AND DEMOLITION WASTE IN VIETNAM
	*Corresponding Author, Received: 31 Aug. 2022, Revised: 25 Nov. 2022, Accepted: 16 Dec. 2022
	1. INTRODUCTION
	2. RESEARCH SIGNIFICANCE


