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Abstract: The strength of pervious concrete is relatively lower compared with ordinary concrete
because of its porosity. In this paper, three reinforcing agents were used to optimize the
performance of interface area between aggregate and cemented material. Specifically, the contents
of FA were weight of cement 10%, 15%, 20% to replace cement; and similarly, the contents of BS
were 5%, 8%, 10%; the contents of DLP were 1%, 3%, 5%. The ratio of aggregate (RAB) to binder
was optimized for pervious concrete strength by experiment. The results showed that the
compression strength of pervious concrete can be improved by adding suitable amount reinforcing
agents such as FA, BS, DLP. The permeability coefficient and porosity of pervious concrete
increased with the RAB increases. And there was a good linear relationship between permeability
coefficient, porosity and RAB. The test results suggested that the suitable range of FA was
10%~15%, the range of BS was around 10%, and the range of DLP was 1%~3%. The results
indicated that the best RAB was 3.5.

Introduction

During the past decades, permeable paving materials had been widely used as one kind of
environment-friendly materials [1-4]. The permeable pavements have so many advantages such as:

(1) The rainwater can be easy to filter underground. So the groundwater resources can renew in

time.

(2) It has no plash on the surface and does not glisten at night in raining days. This improves the

comfort and safety of drivers.

(3) It is easy for soil to exchange heat and moisture with air. This can relieve hot island in city.

(4) It has good sound absorption property. So, it can absorb the noise of vehicles, which creates

quiet and comfortable environment [1, 3-7].

The pervious concrete pavement was a kind of permeable pavements. It consists of a carefully
controlled amount of paste and an aggregate system with a uniform particle size or a narrow particle
size distribution and with little or no sand[8]. Owing to a lack of filling of fine aggregates, the
construction of a coarse aggregate skeleton structure and the intercalation friction between
aggregate contact points are important guarantees for the formation of the material strength.[9]
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Unfortunately, due to its high porosity and low cement/mortar content, pervious concrete generally
has significantly reduced strength compared with conventional concrete. Some research literatures
had shown that the major factors that affect pervious concrete strength include the concrete porosity,
ratio of water-to-binder (w/b), paste characteristic, size and volume content of coarse aggregates|2,
8-10]. Although extensive research work has been done, most previous researcher focuses on
permeability, strength, frost resistance and abrasion resistance of pervious concrete. So, some
researchers began to focus on the design and performance optimization of pervious concrete[9, 11].
The paper focus on optimization for performance of pervious concrete by being added some
reinforcing agent, such as strength being enhanced, the influence the ratio of aggregate to binder
(RAB), permeability, et al.

Materials and Experiments

Raw materials

Cement type used in this paper is P*O 42.5 in according with Chinese GB 175-2007. Three kinds
of single gradation of crushed stone aggregate were used as coarse aggregate. The coarse aggregate
particle sizes were 1.18mm~2.36mm (type A), 2.36mm~4.75mm (type B), 4.75mm-9.5mm (type C),
respectively. Summary of test results of coarse aggregate were showed in table 1. (SF), fly ash
(FA) and dispersible latex powder (DLP) was used as reinforcing agent for bonding materials. SF
and FA were two kinds of frequently-used admixtures to improve concrete performances [12, 13].
The chemical composition contents of FA were showed in table 2 and summary of physical
properties of BS and DLP were showed in table 3. Poly-carboxylate super-plasticizer (SP) which
prepared by Zhejiang Huawei building materials Group Co. Ltd was used as high efficiency water
reducing agent in this study.

TaBLE 1 Summary of test results of coarse aggregate.

Aggregate size Density (g/cm’) Porosity Crushing value  Mud content
(mm) Apparent density  Stacking density (%) (%) (%)
1.18~2.36 2.508 1.582 36.91 0.8 0.51
2.36~4.75 2.508 1.529 39.04 1.8 0.42
4.75~9.5 2.508 1.391 44.52 2.5 0.47

TABLE 2 Chemical composition contents of FA.

SiOz A1203 F6203 CaO MgO SO3 KzO Na20
Ne \ Index
(%)
FA-1 46.6 41.4 39 3.18 022  0.61 0.72 0
FA-2 59.4 36 0.5 0.23 0.86 0.13 0.61 0.41
TABLE 3 Summary of physical properties of BS and DLP.
Materials \ Index  Stacking density(Kg/m?) Content of SiO» Average particle size(um)
BS 330 >95% 0.15
DLP 500+50 — 400

Optimization for pervious concrete strength
Pervious concrete aggregate are contacted by contact point of aggregate[2]. So, the interface area
between aggregate and cemented material is the weakest part of pervious concrete. And this would
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be affected by several facts such as combination method of mixture, dosage of admixture, ratio of
aggregate to binder, aggregate size and the molding method. On the basis of optimizing the
interface of aggregate and cementation material and strengthening the strength of cementing layer,
the strength performance of pervious concrete will be optimized. Two kinds of mineral active
powder (FA and BS) and one kind of bond reinforcing agent (DLP) were used to enhance the
interface strength.

Optimization experiment of reinforcing agents for interface area performance

Considering different effect of three reinforcing agents, the paper designed mix proportion with
four levels, i.e. there were four levels of the three reinforcing agents’ contents. Specifically, the
contents of FA were weight of cement 10%, 15%, 20% to replace cement; and similarly, the
contents of BS were 5%, 8%, 10%; the contents of DLP were 1%, 3%, 5%, respectively. The mix
proportions of pervious concrete were showed in table 4.

TABLE 4 Mix proportions of pervious concrete (kg/m?)

No \Materials  Cement  Water Coarse aggregate FA BS DLP  Water reducer
1 302 126 1498 36 18 3.6 1.57
2 293 126 1498 36 27 3.6 2.05
3 284 126 1498 36 36 3.6 2.44
4 295 126 1498 36 18 10.8 1.54
5 286 126 1498 36 27 10.8 1.49
6 277 126 1498 36 36 10.8 2.63
7 288 126 1498 36 18 18 1.50
8 279 126 1498 36 27 18 2.09
9 270 126 1498 36 36 18 2.76
10 284 126 1498 54 18 3.6 1.54
11 275 126 1498 54 27 3.6 1.96
12 266 126 1498 54 36 3.6 2.29
13 277 126 1498 54 18 10.8 1.44
14 268 126 1498 54 27 10.8 1.61
15 259 126 1498 54 36 10.8 2.63
16 270 126 1498 54 18 18 1.50
17 261 126 1498 54 27 18 2.14
18 252 126 1498 54 36 18 2.76
19 266 126 1498 72 18 3.6 1.47
20 257 126 1498 72 27 3.6 1.98
21 248 126 1498 72 36 3.6 2.14
22 259 126 1498 72 18 10.8 1.44
23 250 126 1498 72 27 10.8 1.60
24 241 126 1498 72 36 10.8 2.63
25 252 126 1498 72 18 18 1.50
26 243 126 1498 72 27 18 2.21
27 234 126 1498 72 36 18 2.76

Optimization experiment of RAB for pervious concrete strength

The ratio of aggregate to binder (RAB) is a key factor to affect characteristic performance of
pervious concrete, such as strength, workability, durability and permeability.[11] Cementitious
material, as important binder in pervious concrete, plays the role of bonding the structural skeleton
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formed by coarse aggregate into a whole. The level of RAB should be selected considering the
strength requirements. A method of optimization of RAB is to increase the adhesion area strength,
scan a suitable RAB for pervious concrete. There were different improvements to the interface area
strength between aggregate and cemented material of different RAB using the same reinforcing
agents’ contents. So, it is necessary to determine the proper RAB to improve the strength of
permeable concrete at the same time.

TABLE 5 Mix proportions of pervious concrete with different RAB (kg/m?)

Ne\Materials RAB Cement  Water agcgcizrgsei:te FA DLP BS rx?llltceér
1 2.9 408 181 1498 51.6 52 51.6 4.08
2 32 370 164 1498 46.8 4.7 46.8 3.70
3 35 338 150 1498 42.8 4.3 42.8 3.38
4 3.8 311 138 1498 394 3.9 394 3.11
5 4.1 284 126 1498 36.0 3.6 36.0 2.84

Results and discussion

Optimization analysis of reinforcing agent for interface area performance
The compressive strength test results of pervious concrete with three compound reinforcing
agents at 7d, 14d, 28d ages were shown in Fig.1- Fig.3.

Compression strength (MPa)

—8— 5%SF,7d
—@— 8%SF,7d
—A&— 10%SF,7d
—0— 5%SF,28d
—0O— 8%SF,28d
—/— 10%SF,28d
—H8— 5%SF,56d

2 —B— 8%SF,56d

= —A—10%SF,56d

B —k— Reference 7d
00 —%— Reference 28d
—%— Reference 56d

0
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Content of DLP (%)

Fig. 1 Compression strength using three

reinforcing agents. 10% FA

—=— 5%SF,7d
—e— 8%SF,7d
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5%SF,28d
—O— 8%SF,28d
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4— 10%SF,56d

Compression strength (MPa)
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Fig. 3 Compression strength using three

reinforcing agents. 20% FA.

Compression strength (MPa)
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—e— 8%SF,7d
—A— 10%SF,7d
o~ 5%SF,28d
_—0— 8%SF,28d
ﬂk 10%SF,28d
—E— S%SF,56d
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—4— 10%SF,56d

Content of DLP (%)

Fig. 2 Compression strength using three

Aggregates

reinforcing agents. 15% FA

Bind up by binder materials

Adding binders

Thickness of
binder materials

\ Void

\ Void with some

excess binder

Fig. 4 Sketch map of aggregate bind up

by binder materials

The results of Fig.1 showed that the compression strength of pervious concrete was 31.1MPa at
56d age, which concrete containing 10% FA, 10% BS, and 1% DLP. The strength increased by
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13.2MPa compared with the reference group. Similarly, the compression strength was 30.3MPa at
56d age (Fig.2), which concrete containing 15% FA, 10% BS, and 3% DLP, and the strength
increased by 12.5MPa compared with the reference group. But, the compression strength was
27.4MPa at 56d age (Fig.3), which concrete containing 20% FA, 10% BS, and 3% DLP. It was
lower than the first two groups. So, the researcher of this paper suggested that the suitable range of
FA was 10%~15%, the range of BS was around 10%, and the range of DLP was 1%~3%.
Optimization analysis of RAB for pervious concrete strength

The RAB is one of important factors to pervious concrete strength[14]. The Fig 4 showed that the
sketch map of aggregate bind up by binder materials. The parameter RAB reflects the aggregates in
concrete bind up by binder materials. So, it was an important works that optimization analysis of
RAB for pervious concrete strength.

The results of Fig.5 showed that the compressive strength of pervious concrete decreases while
increases of RAB. The strength of pervious concrete at 56d age reached 37MPa, while the RAB was
3.5, and the strength can meet the target requirement of CIJ/T 135-2009[15]. The permeability
coefficient and porosity of pervious concrete increase while increases of RAB. The strength of
pervious concrete reached 41.2MPa as the RAB was 2.9, but the permeability coefficient tends to 0.
The compressive strength of specimen increases gradually with the decrease of RAB, but the
permeability coefficient decreases greatly. The voids would be filled with some excess binder
materials. And the excess binder materials would block up some connected pore (Fig.4). The
connect pore changed narrow and the number of that changed small. So, permeability coefficient
and porosity decreased. The results also showed that there was a good linear relationship between
permeability coefficient, porosity and RAB (Fig.6). This was due to the increase of binder content,
and the bonding condition between the aggregates changed from point contact to surface contact.
But this would be lead to the number and pore size of the connected pores decrease. At the same
time, binder slurry materials have a certain rheological property at early ages. It would cause the
slurry to sink while the increase of binder content and cause the bottom pore to be blocked. The
results indicated that the best RAB was 3.5.

~
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Fig.5 Influence of RAB on compression strength of  Fig. 6 Influence of ratio of aggregate to binder on

pervious concrete permeability coefficient

Permeability of pervious concrete mixed by optimum proportion

The permeability of pervious concrete was first performance index[16]. Table 5 showed the tests
results of permeability, effective porosity of concrete with reinforcing agents. The permeability
coefficient of pervious concrete can be improved by the addition of proper amount of FA and BS,
but the permeability coefficient and effective porosity decreases obviously while the amount of FA
was greater than 20%, and that of BS greater 8%.The permeability coefficient of each group was
greater than 0.5mm/s, and that of the optimum strength group was 1.94mm/s, which meets the water
permeability requirement of CIJ/T 135-2009[15].
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The permeability coefficient and porosity of pervious concrete increased with the RAB increases.
The results showed that there was a good linear relationship between permeability coefficient,
porosity and RAB (Fig.6).

TaBLE 6 Tests results of permeability, effective porosity

Content of FA Content of BS ~ Content of DLP Permeability Effective porosity

Ne \Materials, index coefficient

(%) (%) (%) (mm/s) (%)
1 10 5 0 4.2 16.0
2 15 5 0 5.8 18.2
3 20 5 0 5.1 18.5
4 10 8 0 3.2 14.4
5 15 8 0 33 15.5
6 20 8 0 3.0 14.7
7 10 10 0 1.9 9.5
8 15 10 0 2.3 12.6
9 20 10 0 2.3 10.8
10 10 0 1 34 15.2
11 15 0 1 3.6 153
12 20 0 1 3.5 159
13 10 0 3 3.0 13.4
14 15 0 3 33 15.5
15 20 0 3 3.2 13.5
16 10 0 5 2.7 14.5
17 15 0 5 3.0 14.8
18 20 0 5 3.2 15.7
19 0 5 1 4.0 14.1
20 0 5 3 4.0 14.7
21 0 5 5 2.1 13.1
22 0 8 1 2.4 8.5
23 0 8 3 1.8 6.2
24 0 8 5 1.4 7.0
25 0 10 1 2.3 6.7
26 0 10 3 1.8 6.2
27 0 10 5 1.4 6.3

Conclusions

The following conclusions can be obtained in the scope of this study:

(1) The compression strength of pervious concrete can be improved by adding suitable amount
reinforcing agents such as FA, BS, DLP. The test results suggested that the suitable range of FA was
10%~15%, the range of BS was around 10%, and the range of DLP was 1%~3%.

(2) The permeability coefficient and effective porosity decreases obviously while the amount of
FA was greater than 20%, and that of BS greater §%.

(3) The permeability coefficient and porosity of pervious concrete increased with the RAB
increases. And there was a good linear relationship between permeability coefficient, porosity and
RAB. The results indicated that the best RAB was 3.5.
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