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Abstract:
Background:

High permeable concrete is designed with high porosity, which allows water to pass through it. By considering this ability, it has been widely used
for various applications including high permeable road pavement. However, to fully adopt highly permeable road pavement technology is
challenging due to high cost and maintenance, besides, the present engineers and contractors have insufficient expertise and experience with this
technology. Henceforth, the high porosity property is highly favorable for road curb applications especially in the tropical region like Malaysia
with high rainfall intensity.

Objective:

This paper aimed to determine the properties of the concrete experimentally, and propose the optimum mix design of high permeable concrete for
road curb.

Methods:

The flow value and setting time of the cement paste were investigated. Next, the effects of the modified high permeable concrete with varying
amount of crumb rubber on compressive strength, permeability and void ratio were also investigated.

Results and Conclusion:

Results have revealed that the workability of the cement paste increases when the water-binder ratio and the amount of fly ash increase.
Meanwhile, an increasing amount of cement ratio and crumb rubber lowers the flow value and consequently leads to lower void ratio and
permeability. Besides, it has been found that the higher the compressive strength, the lower the void ratio and permeability of the concrete. The
research findings support that using an optimum amount of cement replacement with crumb rubber as an additive may increase the performance of
a high permeable concrete. Herein, the results indicate that the mix design of the concrete studied has the potential to be applied onto the road curb.
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1. INTRODUCTION

High permeable concrete is a block of concrete made of a
mixture of cement, water, coarse aggregate without or with a
small number of fine aggregates. This type of special concrete
is different as compared to the conventional concrete since it is
mainly designed to have just enough cement paste to coat and
connect the coarse aggregate. With that, the high permeable
concrete naturally has high porosity and thus the ability to

* Address correspondence to this author at the Department of Civil and
Environmental Engineering, Universiti Teknologi PETRONAS, 32610, Seri
Iskandar, Perak, Malaysia; Tel: +605368731; E-mails: chengyee.ng@utp.edu.my;
aifaa_18000268@utp.edu.my

allow water to infiltrate through it. Typically, a high permeable
concrete, or also, called pervious concrete or porous concrete
has a porosity, volume of interconnected voids and permea-
bility approximately 15% to 25%, 15% - 35% and 2mm/s - 10
mm/s respectively [1 - 3]. As it is known, the specialty of high
permeable concrete is to allow water infiltration at a high rate
[3] and due to this property , it has been widely used for
various applications including road pavement, parking lots,
sidewalks, hydraulic structures and others.

The applications of this concrete are governed by its
specialty that it provides a lot of environmental benefits espe-
cially in managing and reducing the amount of stormwater
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runoff on the road pavement. The application of high
permeable road pavement allows water to penetrate through the
concrete, indirectly reducing the risk of road flooding and
improving the rate of recharge of groundwater and basins.
Besides, it also helps in improving the stormwater quality due
to the stormwater runoff infiltration into the ground; the
sediment is filtered which prevents contaminants from entering
the groundwater which serves as a natural water filter for the
environment. Since it is extremely helpful, the high permeable
concrete is valued for its application as the best stormwater
management practice [4].

Even with all the benefits of high permeable road
pavement that have been presented, it is not easy to fully
implement it around the world. As stated by Goede [4], due to
the low structural performance of the high permeable concrete
on the road pavement, the industry is hesitant to apply it due to
its inability to sustain heavy loads. In addition, Harvey and
Smith [5] mentioned in their report that there is still a lack of
expertise and information related to the quality and cons-
truction of the permeable pavement. Therefore, this research
suggests the application of the concrete onto a road curb
instead of road pavements. It should be highlighted that the
mixture of the high permeable concrete to be applied in this
research was a modified high permeable concrete containing a
crumb rubber.

Basically, there are a lot of studies conducted on the
conventional concrete with rubber but not much improvement
has been made on the high permeable concrete containing
rubber until present. Shen et al. [6] carried out a study on
polymer-rubber aggregate modified high permeable concrete
whereby they replaced mineral aggregates with scrap tire
rubber aggregates. Their results showed that the impact
resistance, mechanical properties and abrasion improved while
the permeability and porosity of the concrete met the required
standard of Open-Graded fraction Course. Meanwhile, Gesoglu
et al. [7] conducted an experimental investigation on the
properties of high permeable concrete containing either tire
chips, coarse, a fine crumb rubber or a combination of each. It
has been significantly revealed that the properties of the
concrete vary depending on the amount and the type of rubber
applied. Besides, it has been proven that the use of rubber
enhances the ductility and toughness of the concrete.

On the other hand, Bonicelli et al. [8] studied the
properties and the effect of high permeable concrete when the
fine aggregate was replaced by the crumb rubber. 15 mix
designs were used, and the results showed that it is possible to
replace the aggregate with a crumb rubber but in correct
proportion and with an appropriate granular size. Boon et al.
[9] also studied the properties of high permeable concrete but
with the replacement of scrap tyre tubes. Their experimental
studies have indicated that the use of scrap tyre tubes has
increased the flow rate and void content. However, the
properties of mechanical strength and the compressive strength
of the concrete were reduced significantly as the amount of
rubber increased. Similar results were also obtained by
Pratibha and Thakelmayum [10] who studied the structural
performance of the concrete using crumb rubber and tyre chips.

The most recent study involving rubber was conducted by
Liu et al. [11] who researched the effect of rubber dosage and
particle size on the mechanical properties, permeability and
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freeze-thaw resistance towards high permeable concrete. Two
sizes, classified as fine and crumb rubber were used with
different dosages (2%,4%,6% and 8%). The results have
generally revealed that the usage of fine crumb rubber is better
than the coarse crumb rubber. The results have also indicated
that the increasing amount of crumb rubber has slightly
decreased the permeability and strength, yet it improved the
freeze-thaw resistance and ductility. The previous study related
to high permeable concrete containing rubber had limitations
and required more experimental investigations. This research
aimed to determine the properties of modified high permeable
concrete. While doing so, this research aimed to propose the
optimum mix design for high permeable concrete by crumb
rubber as an additive. The material used for the modified
permeable concrete consists of cement, fly ash, nano-silica, a
coarse aggregate, water and a crumb rubber, the properties of
which have not been investigated by any other researcher.

2. MATERIALS AND METHODS
2.1. Materials

In order to produce a modified high permeable concrete,
the type of cement used in this research was an Ordinary
Portland Cement (OPC) Type 1 in accordance with ASTM
C150-04. A partial cement replacement of Class F fly ash (FA)
and an additive of Nano-silica (NS) were also used in compli-
ance with the requirement of ASTM C618-03 and ASTM C
1240-03, respectively.

The chemical composition and properties of OPC and FA
are presented in Table 1, and the properties of NS are shown in
Table 2. A coarse aggregate with a single size of 10 mm having
water absorption of 0.46% and specific gravity of 2.56 was
used.

Table 1. Chemical composition and properties of Ordinary
Portland Cement and Fly Ash.

Chemical Composition (%)| Ordinary Portland Cement |Fly Ash
Sio, 12.1 36.4
ALO, 1.93 14.1
Fe,O, 4.18 224
CaO 75.9 17.5
MgO 1.03 2.55
Na,O - 0.231
K,0 0.486 2.09
SO, 3.44 1.04
SiO, + ALO, + Fe,0, 18.21 72.9
Specific Gravity 3.0883 2.7767
Loss of ignition 1.1 1.49

Then, the crumb rubber of the waste tyre size ranging
between 0.425 mm to 4.75 mm which is categorized as fine,
was used in the mixture of the concrete.

2.2. Mix Proportions of High Permeable Concrete and
Cementitious Paste

For the mix proportions, RSM, a design-expert software,
was used to determine optimum batches of mix design to be
cast from a large number of variables for the mix. The attained
results of the mix design were selected based on the ratio of
variables inputted in the software. Based on the software, there
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Table 2. Properties of nano-silica.

Item Appearance Features High Dispersive
White Powder
Heat reduction (%) (105°C, 2h)< 3
Loss of ignition (%) (950°C, 2h)< 6
SiO, content (dry base) (%) > 92
SiO, content (%) (950°C, 2h) > 99.8
Carbon content (%)> 0.3
Specific surface area (m°/g)(BET law) 100 £ 25
pH value 65-175
Surface density (g/ml) < 0.15
Dispensability (%) (CCl,)> 80
Oil-absorbed value (ml/100g) > 250
Average particle size (nm) 10-25

are 15 cement mixtures involved at 5 levels of 3 variables
which are FA (15%, 30%, 45%, 60% and 75%), NS (1%, 2%,
3%, 4% and 5%) and CR (1%, 2%, 3%, 4% and 5%) as shown
in Table 3.

It has been noted that FA and CR are a partial replacement
cement taken by volume. For the mixture proportions of
cementitious paste as shown in Table 4, it should be
highlighted that it is adapted from Table 3 and only one
mixture proportion was selected which is CR1-1. The amount
of FA, NS and cement remained constant while the amount of
CR varied from 1% to 5%. As suggested by Kevern et al. [12],
the water-binder ratio used in this study was 0.3. Meanwhile,
paste/aggregate ratio of 0.382 was used according to the guide
provided by the previous researcher [3].

2.3. Experimental Methods

The fresh properties of cementitious paste and hardened
properties of the high permeable concrete were measured
respectively. The details of the experiments are discussed as
follows:

Ng et al.

2.3.1. Testing Method of Cementitious Paste

The flow value test was carried out in accordance with the
requirement of ASTM 230-03 [13]. The flow value test was
conducted to determine the consistency of fresh concrete, and
primarily, for assessing the concrete that is highly workable to
be measured using the slump test. Fig. (1a) shows the flow
table apparatus that was used for the flow value test. After
placing the flow cone at the center of the flow table, the cement
paste was poured into the flow cone, followed by tampering on
the surface to make sure the cement paste is well compacted.
The flow cone was moved upwards and then 15 times of falling
motion was reported. The diameter of the cement paste was
calculated in the direction where the largest diameter was
considered to have been produced and in the direction of right
angles to the former. The flow value is the average of these
diameters. The time of test was determined in accordance with
the requirements of ASTM C 191-04 [14 - 17]. As stated by
Chindaprasirt et al. [18], the optimum condition for a
cementitious paste of permeable concrete is when the flow
value is in the range from 150 mm - 230 mm.

The final setting was done to see the time when the
chemical reaction between the cement and water was finished
(The time at which cement completely lost its plasticity and
became hard is a final setting time of cement). Fig. (1b) shows
the Vicat apparatus. The cement filling the mold was
compacted before carrying out the test. The penetration of 1
mm needle was obtained and recorded for every 15 minutes
until the penetration of 5 mm or less was achieved. It must be
taken into account that every penetration test should be at least
5 mm away from the previous penetration and at least 10 mm
from the inner mold. The final setting time was recorded when
the needle did not sink visibly into the paste. The flow value
and setting time result could be higher when super-plasticizer
was added to the cementitious paste which helped to increase
the workability.

Table 3. Mixture proportions of modified high permeable concrete.

Mix ID Fly Asjh Nano Si}ica Ceme?t Watejr Course Aggjregate Crumb lelbber
(kg/m’) (kg/m’) (kg/m’) (kg/m’) (kg/m’) (kg/m’)
CR1-1 135.00 9.00 165.00 92.70 1,352.52 13.53
CR2-2 90.00 6.00 210.00 91.80 1,041.36 20.83
CR3-2 90.00 12.00 210.00 93.60 1,061.78 21.24
CR4-2 180.00 12.00 120.00 93.60 1,061.78 21.24
CRS-2 180.00 6.00 120.00 91.80 1,041.36 20.83
CR6-3 135.00 9.00 165.00 92.70 1,051.57 31.55
CR7-3 135.00 15.00 165.00 94.50 1,071.99 32.16
CR8-3 45.00 9.00 255.00 92.70 1,051.57 31.55
CR9-3 135.00 3.00 165.00 90.90 1,031.15 30.93
CR10-3 225.00 9.00 75.00 92.70 1,051.57 31.55
CR11-4 90.00 12.00 210.00 93.60 1,061.78 42.47
CR12-4 90.00 6.00 210.00 91.80 1,041.36 41.65
CR13-4 180.00 12.00 120.00 93.60 1,061.78 42.47
CR14-4 180.00 6.00 120.00 91.80 1,041.36 41.65
CR15-5 135.00 9.00 165.00 92.70 1,051.57 52.58
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Table 4. Mixture proportions of cementitious paste.

Mix ID|{ FA | NS (%) |Cement| Water-Binder Ratio | CR (%)
(%) (%)

CR1-1a| 75 1 25 0.30 1

CR1-1b| 75 1 25 0.30 2

CR1-1c| 75 1 25 0.30 3

CR1-1d| 75 1 25 0.30 4

CRI1-1e| 75 1 25 0.30 5

(a) Flow table apparatus

(b) Vicat apparatus

Fig. (1). Testing apparatus for cementitious paste.

2.3.2. Testing Method of High Permeable Concrete

Compressive strength test was carried out in accordance
with the requirement of ASTM C39-03, the standard test
method for compressive strength of concrete specimens. A
compression machine as shown in Fig. (2a) has been used in
this test. A constant rate of 3 kN/s loading was applied to
concrete cube samples when the test was being conducted. For
testing of high permeable concrete, a sample of 100 x100 x
100 mm cube was prepared, cast and tested at 28 days. All the
specimens were compacted by a tempered rod. The compres-
sive strength of the specimen was calculated by using Eq. (1)
below:

fi=Pi/ A )

where f; is the ultimate compressive strength (MPa), P, is
the maximum axial load applied (N) and 4 is the cross-
sectional area of the cylinder (mm’).

The void ratio of high permeable concretes was determined
with reference to the method described in the ASTM C1754- 2
[15], which is the standard test method for determining density
and void content of the permeable hardened concrete. The
concrete cubes were kept for 24 hours before the reading W,
was recorded. The void ratio was calculated by using the
weight difference between the air-dry sample and the saturated
sample underwater, as shown in Eq. (2).
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(a) Compression machine

(b) Permeability device

Fig. (2). Testing apparatus for cementitious paste.

W, — W.
v = [(Z52)| x 100% @)
pwVol

where V is the total percent (%), W, is the mass of the
saturated sample (kg), ¥, is the mass of the oven dry sample
(kg), Vol is the volume of the sample (cn’) and fi,, is the density
of water, (kg/m’).

Permeability tests of the permeable concrete samples were
carried out with reference to the apparatus designed as shown
in Fig. (2b) [16]. This test was carried out to see the
performance of permeable concrete filtrate with the average
Malaysian’s precipitation. A sample of 100 x 100 x 100 mm
was prepared and used for this test. A device of 100 x 100 x
300 mm with an opening at both ends was designed.

The surface of the sample was air-proofed with the
modelling clay before measurement. Later, the device was
placed on the sample. The modelling clay was used to air-proof
the gap between the device and the sample. After the clay was
set to the desired state, water was poured into the device until
the water line reached 200 mm. A timer was started when the
water line dropped to 160 mm, and the timer was stopped when
the water line reached 140 mm. The coefficient of permeability
was calculated using Eq. (3) below:

V=HI/t ©)]

where V' is the water penetration coefficient (mm/s), H is
the height of the water line from 160 mm to 140 mm (20mm)
and 7 is the time (s) when the water line fell from 160mm to
140m.

3. RESULTS AND DISCUSSION

3.1. Cementitious Paste Properties

The test results for cementitious paste such as flow value
and setting time are presented in Table 5.



86 The Open Civil Engineering Journal, 2019, Volume 13

Table 5. Mix proportions, flow value and setting time for
the cementitious paste.

Mix ID| FA | NS |Cement| Water-Binder |CR| Flow | Setting
(%)|(%)| (%) Ratio (%)| Value | Time

(mm) (min)

CR1-1a| 75| 1 25 0.30 1 203 250
CRI-1b| 75| 1 25 0.30 2 | 1955 265
CR1-1c| 75| 1 25 0.30 3 189 290
CRI-1d| 75| 1 25 0.30 4 183 360
CRI1-1e| 75| 1 25 0.30 5 178 400

3.1.1. Flow Value

1%, 2%, 3%, 4% and 5% crumb rubber were selected to be
tested with the w/b of 0.3. A water-binder ratio of 0.3 was used
because it is within the range as suggested by researchers
which is 180mm-250mm [17]. The ratio was also chosen to be
a lower w/b ratio that resulted in a higher porosity of concrete
which is favourable for high permeable concrete. The test
revealed that when a higher dosage of crumb rubber was used,
it reduced the workability of the cement paste. This was caused
by the dispersion problem and conglomeration of mixed
materials. From Fig. (3), it can be noticed that the increase in
the crumb rubber percentage resulted in a lower flow value. To
cope up with this issue, a superplasticizer was added in a
suitable amount in order to maintain the workability of the
cement paste with an allowable flow value of minimum
150mm [17]. With the addition of the superplasticizer into the
mortar mix, the flow value increases.

3.1.2. Final Setting Time

By using the same mix proportions of cement paste as
shown in Table 5, the final setting time for the cement paste

210
205
200
195

190

Flow Value (mm)

185

180

175

Fig. (3). Graph of flow value vs crumb rubber.
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increased as the percentage of crumb rubber replacement
increased as shown in Fig. (4). According to the flow value
results, 0.3 w/b ratio was chosen as the water-binder ratio for
this test because it was within the range as suggested by
researchers [17]. The final setting time of cement paste without
any crumb rubber addition for water-binder ratio 0.30 was 230
minutes. While the final setting time for cement paste with the
addition of 1% to 5% crumb rubber ranged between 250
minutes to 400 minutes. This result was in good agreement
with the research conducted by Webster ef al. [18]. From the
above results, the increment in the content of crumb rubber in
the mortar was found to be reducing the flow value, but vice
versa for the final setting time. This result is in good agreement
with the result shared by Meherier et al. [19]. However, with
the addition of a superplasticizer, the final setting time
increased.

3.2. High Permeable Concrete Properties

The test result for high permeable concrete such as void
ratio, compressive strength and permeability is presented in
Table 6.

3.2.1. Void Ratio

Fig. (5) shows the relationship between the void ratio of
the hardened concrete and the various mix design batches.
Based on the results, mix design 7 with the highest Nano-silica
ratio showed the highest void ratio, while the lowest void ratio
was obtained by mix design 15 with the highest ratio of crumb
rubber. The void ratio of the mix design batches ranged from
13.84% to 17.44%. It is recommended that the targeted void
content of a high permeable concrete is between 15% to 25%
as measured by ASTM C 1688 [1, 13].

3 4 5

Crumb Rubber (%)
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Fig. (4). Graph of setting time vs crumb rubber.

25.00

20.00

[EN
a1
o
o

10.00

Void Percentage (%)

5.00

0.00

~ I 15.25
n I 14.00

w I 15.72
& I— 16.54
o I 14.59
o I 15.22

17.04
15.87

13.84

<
<
<
—

12 13

I 15.56
I 15.37

14 15

Fig. (5). Graph of void ratio vs mix design.

Results clearly show that as the crumb rubber ratio
increases, the void ratio in the concrete decreases. This
happens because of variation in the amount of the crumb
rubber in the concrete component. The higher amount of crumb
rubber fills the gap of the void between the coarse aggregate as
in high permeable concrete, which is the key to maximize

porosity in the concrete to infiltrate more water. Having a
crumb rubber is like substituting fine aggregates which
supposedly is not included in a high permeable concrete, thus
effectively filling the voids between the aggregates. However,
a small amount of fine aggregates as sand may be added to
provide additional compressive strength, better durability and
higher resistance to freeze and thaw cycles [20].
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Table 6. Void ratio, compressive strength and void ratio of high permeable concrete.

Mix ID (Fo/’:) (1‘\;?) ((;‘AR) Void Ratio (%) C"mpre(s]ff[;z)s“"“gth Permeability (mm/s)
CRI-1 45 3 1 15.25 2.40 4.62
CR22 30 2 2 14.00 8.81 3.44
CR3-2 30 4 2 15.72 2.05 7.86
CR4-2 60 4 2 16.54 2.08 7.49
CR5-2 60 2 2 14.59 3.04 3.89
CR6-3 45 3 3 15.22 213 6.80
CR7-3 45 5 3 17.44 233 512
CR83 s 3 3 13.98 8.63 3.47
CR9-3 45 1 3 15.02 2.93 4.08
CR10-3 75 3 3 15.56 171 9.92
CR11-4 30 4 4 15.37 231 587
CR12-4 30 2 4 14.44 5.03 351
CR13-4 60 4 4 17.04 2.45 42
CR14-4 60 2 4 15.87 4.44 355
CR15-4 45 3 5 13.84 3.75 3.68

It was also noticed that the mix design 8 with the highest
cement ratio is ranked as the second lowest void ratio value.
This makes it possible that cement replacement percentage is
directly proportional to the void ratio which is due to the
amount of C-S-H gel produced. A higher amount of cement
produces more calcium hydroxide Ca (OH), which eventually
is converted into calcium silicate hydrate (C-S-H) via the
pozzolanic reaction. Calcium silicate hydrate fills the pores in
the cement, and hence lowers the void ratio in the concrete.

3.2.2. Compressive Strength

The compressive strength for the permeable concrete with
paste/aggregate ratio 0.382 as suggested by C’osic et al. [21] is
shown in Fig. (6). From the result, the high permeable concrete
mixtures have been found to develop compressive strengths in

the range of 1.71 MPa to 8.81 MPa which is suitable for a wide
range of applications. It was observed that the higher cement
ratio inside the mix design increased the compressive strength.
This is because as the amount of cement paste being used in the
mixture is increased, the cement paste gets coated around the
aggregates more effectively and thus resulting in a higher
compressive strength.

It has been noticed that as the cement replacement (fly ash)
percentage the compressive strength of the
permeable concrete decreases. This is because with the
reduction of cement content, the amount of Ca (OH), produced

increases,

is lower, and the amount of C-S-H gel produced reduces as
well. However, currently, there is no ASTM test standard for
determining the compressive strength of the permeable
concrete. Testing variability measured with various draft test
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Fig. (6). Graph of compressive strength vs mix design.



Properties of Modified High Permeable Concrete

methods has been found to be high, and therefore, compressive
strength is not recommended as an acceptance criterion.
Rather, it is recommended that a target void content (between
15% to 25%) as measured by ASTM C 1688: Standard Test
Method for Density and Void Content of Freshly Mixed
Pervious Concrete [15], be specified for quality assurance and
acceptance.

3.2.3. Permeability

The relationship of the permeability of the high permeable
concrete and the mix design is shown in Fig. (7). From the
results obtained, it becomes clear that all the mix designs can
infiltrate the Malaysian average precipitation which is 0.754
m/s [22]. This is accepted for permeability test, as there is still
no standard requirement, however, ASTM for a high permeable
concrete is still considered a newly developed type of concrete

[1].

As shown in the results above, it was found that the
permeability of the high permeable concrete ranged from 3.44
mm/s to 9.92 mm/s. The permeability of the permeable
concrete is directly proportional to the void ratio. The
permeability of the permeable concrete was also observed to be
related to the cement ratio as a higher amount of cement
present in the mixture reduced more cement coating around the
aggregate and eventually reduced the permeability of the
permeable concrete.

The increased content of fly ash in the mixture has shown
to increase the void ratio which can be seen in the mix design
10 which has the highest ratio of cement replacement. This is
similar to the void ratio test. The difference in the void ratio is
because of the low amount of calcium silicate hydrate

12

[EY
o

Permeablity (mm/s)
»

o N ESN
— I 4.6
N~ I 344
« I .86
~ I 749
o I 389

Fig. (7). Graph of permeability vs mix design.

The Open Civil Engineering Journal, 2019, Volume 13 89

produced with the increase of cement replacement in the
mixture.

The flow rate through permeable concrete depends on the
materials and placing operations. Typical flow rates for water
through permeable concrete are 2.0 mm/s to 5.4 mm/s, with
higher rates of up to 12 mm/s [1]. From the results, it can be
noticed that the permeability of high permeable concrete is
inversely proportional to the compressive strength.

3.3. Optimum Mix Design of High Permeable Concrete

Based on the overall performances of the test results, the
high permeable concrete selection design matrix is shown in
Table 7. The overall high permeable concrete performance was
selected based on different requirements. For void ratio
property, the selections were based on the standard requirement
of high permeable concrete which ranged from 15% to 25%.
For permeability rate property, the selections were based on the
comparison of Malaysia’s average precipitation in millimetre
per second rate which is 2.0 mm/s to 5.4 mm/s, with higher
rates of up to 12 mm/s.

For compressive strength, since there is no standard
requirement for high permeable concrete, the compressive
strength of the concrete ranged from the highest to the lowest
value. The results above show that out of the 15 mix designs,
five of them do not meet the standard requirements which are
not applicable for a high permeable concrete. Based on the
ranking of all mix designs, the optimum mix design of high
permeable concrete that can be used is the mix design CR14-4.
This is because it met all the standard requirements of an easily
applicable high permeable concrete based on its performance
of void ratio, permeability and compressive strength.
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Table 7. Ranking of modified high permeable concrete.

I S i
CRI1-1 / / 9" 4"
CR2-2 X / 1 Disqualified
CR3-2 / / 14" 9"
CR4-2 / / 13" 8"
CR5-2 X / 6" Disqualified
CR6-3 / / 12" 7"
CR7-3 / / 10" 5"
CR8-3 X / 2 Disqualified
CR9-3 / / 7" 2™
CR10-3 / / 15" 10"
CR11-4| / / " 6"
CRI2-4| X / 31 Disqualified
CR13-4| / / g" 3
CR14-4| / / 4" 14
CRI154| X / 5" Disqualified
CONCLUSION

The properties of modified high permeable concrete
containing crumb rubber were examined thoroughly, and the
optimum mix design was also successfully determined
throughout this research. Herein, the tests for flow value,
setting time, permeability, compressive strength and void ratio
of the permeable concrete were also carried out. The following
conclusions were drawn based on the test and analysis of
results:

[1]  The effects of cement replacement, fly ash, Nano silica
and crumb rubber as additives with the water-
cementitious material ratio on the fresh properties of
cement paste are outlined as below:

o The workability of cement paste increased
with a higher water-binder ratio used in the
cement paste. However, the workability could
be adjusted and increased by using a proper
amount of superplasticizer. Fly ash replace-
ment can increase the workability and the
properties of the cement paste. However,
excessive use of replacement material should
be avoided, as this will reduce the
performance of the hardened properties of the
permeable concrete.

o Increment of crumb rubber content in the
mortar was found to be reducing the flow
value, but vice versa for final setting time.

[2]  The effects of cement replacement, fly ash, nano silica
and crumb rubber as additives with the water-
cementitious material ratio on the fresh of cement
paste are outlined as below:

o The higher the compressive strength, the lower
the void ratio and permeability.

o A higher amount of cement ratio in the mix
design results in a lower void ratio and
permeability but also increases the

Ng et al.

compressive strength of the concrete.

o High crumb rubber ratio in the mix design
results in lower void ratio and permeability as
it fills the void of the concrete mixture because
of its small size.
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