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ABSTRACT

In many developed countries, the use of pervious concrete for the construction of
pavements, car parks and driveways is becoming popular. In order to develop material
specification for pervious concrete, it is necessary to conduct testing to evaluate the
performance of this new type of high-performance concrete. In addition, carbon dioxide
emission from Portland cement production is significant and contributes to global
warming which leads to undesirable climate change. Therefore, it is necessary minimise
the use of Portland cement in pervious concrete mixes by partially replacing the cement
with industrial by-product, such as fly ash and slag which have been used successfully

as supplementary cementitious materials in structural concrete mixes.

The pervious concrete is produced by using conventional cementitious materials,
aggregates, and water. This concrete is tested for its properties, such as density,
porosity, compressive strength, water permeability and drying shrinkage. The most
important property of pervious concrete is its water permeability. Currently, thereis no
standard experimental procedure to determine to this property. A method was therefore
developed to determine the water permeability. Fly ash is used as a supplementary
cementitious material to partially replace Portland cement in pervious concrete mixes up
to 50% by weight.

To improve the acceptance of pervious concrete, it is necessary to improve the surface
texture. Due to the rough surface texture and bigger void content, it may be difficult for
pervious concrete for wide acceptance by the construction industry. Therefore, fine
textured pervious mortar is produced using cementitious materials, aggregate and water,
and its properties are investigated. New type of pervious pavement, a combination of

pervious concrete and pervious mortar, is developed and its properties are studied.

Pervious concrete having density around 1800 kg/m* shows the following properties,
porosity 0.32 to 0.36, 28-day compressive strength between 5.7 MPa and 10.1 MPa,
water permeability between 9.2 mm/s and 17.3 mm/s, and 56-day drying shrinkage
between 470 and 600 microstrain.



The properties of pervious mortar having 0.35 water/cement ratio with hand compaction
are as follows; density of 1690 kg/m®, porosity of 0.34, 28-day compressive strength of
5.8 MPa, water permeability 2.6 mm/s, and 56-day drying shrinkage of 490 microstrain.

Combination of pervious concrete and pervious mortar is tested in density and water
permeability. The density is around 1750 kg/m®, while the water permesability between
2.3 mm/s and 3.0 mm/s. Further investigation on the development of this system to have
adequate water permeability, strength and durability is recommended.



L1ST OF PUBLISHED PAPERS

Y. Aoki and R. Sri Ravindrargjah (2008) Shrinkage of Environmentally friendly
sustainable pervious concrete, Proceeding of International Conference on Sustainable
Concrete Construction, February, 2008, Ratnagiri, India

R. Sri Ravindrargjah and Y. Aoki (2008) Environmentally Friendly pervious concrete,
Proceeding of 2™ International Conference on Advances in Concrete and Construction,
February, 2008, Hyderabad, India

Y. Aoki, R. Sri Ravindrargiah and H. Khabbaz (2008) Environmentally friendly
sustainable pervious concrete, Proceeding of the 20th Australasian Conference on the
Mechanics of Structures and Materials, 2-5 December, 2008, Toowoomba, Queensland,
Australia, pp. 567 — 570.

Y. Aoki, R. Sri Ravindrargiah and H. Khabbaz (2009) Effect of fly ash performance of
pervious concrete, Proceeding of Tenth CANMET/ACI International Conference on
Recent Advances in Concrete Technology and Sustainability Issue, 15-17 October,
2009, Seville, Spain.

Vi



TABLE OF CONTENTS

Acknowledgement i

Abstract \Y
List of Published Papers Vi
Table of contents Vii
List of Figures Xii
List of Tables XV
List of Symbols XVi

Chapter 1. Introduction

1.1 Background 1
1.1.1 Pervious concrete 1
1.1.2 Environmental effect of cement usage 2

1.2 Objectives of the investigation 3

1.3 Scope of the investigation 3

1.4 Limitation 4

1.5 Thesisoutline 4

Chapter 2: Literature Review

2.1 Specification of pervious concrete and pervious mortar
2.1.1 Definition
2.1.2 Advantages and disadvantages

2.2 Properties of pervious concrete and mortar
221 Genera
2.2.2 Workability
2.2.3 Unitweight (density)

~N O O O O

2.2.4 Porosity (void content or void ratio)

vii



2.25
2.2.6
227

Pore structure of pervious concrete
Compressive strength
Water permeability

2.3 Porosity of pervious concrete

231
2.3.2
233
234

M easurement of porosity
Relationship between continuous porosity and total porosity
Vertical porosity distribution

Porosity of theoretical pervious concrete

2.4 Compressive Strength of pervious concrete

24.1
242
24.3
244

Effect of porosity on compressive strength
Effect of compaction energy on compressive strength
Effect of aggregate/cement ratio on compressive strength

Effect of binder materials on compressive strength

2.5 Water permeability of pervious concrete

251
252
2.5.3
254

Falling head test method

Constant head test method

Relationship between water permeability and porosity
Water permeability by Kozeny-Carman Equation

2.6 Drying shrinkage of pervious concrete

2.7 Materials for pervious concrete and pervious mortar

271
2.17.2
2.7.3
274
2.7.5

Binder materials
Coarse aggregate
Fine aggregate
Admixture
Water

2.8 Mix proportion of pervious concrete

2.9 Durahility of pervious concrete

291
29.2
293

Freeze-thaw resistance
Sulfate resistance

Abrasion resistance

2.10 Longterm performance of pervious concrete

11
11
12

14
14
16
17
17

18
18
19
20
21

25

26
26
27
27
28
28

28

28
29
30
30

31

viii



2.10.1 Clogging
2.10.2 Surfaceravelling

211 Placing pervious concrete pavement
2.12 Application of pervious concrete
2.13 History of pervious pavement

2.14  Specification of pervious pavement

2.15 Summary

Chapter 3 Experimental I nvestigation
3.1 Introduction

3.2 Materials and mix proportions
3.2.1 Pervious concrete and conventional concrete
3.2.2 Pervious mortar
3.2.3 Combination of pervious concrete and pervious mortar

3.3 Mixing of concrete, casting and curing of test specimens

3.4 Measurements for the properties of pervious concrete and mortar
3.4.1 Compressive strength
3.4.2 Drying shrinkage
3.4.3 Porosity
3.4.4 Water permeability

Chapter 4 Results and Discussion
4.1 Introduction

4.2 No-fines pervious concrete and conventional concrete
4.2.1 Density
4.2.2 Porosity
4.2.3 Compressive strength
4.2.4 Drying shrinkage

4.3 Pervious concrete containing fly ash
4.3.1 Density

31
33

33

34

36

37

39

40

40

E & &

45

46
46
46
47
47

51

51
51
52
53
55

58
58



4.3.2
4.3.3
4.3.4
4.35

Porosity
Compressive strength
Water permeability
Drying shrinkage

4.4 Effects of aggregate grading on pervious concrete properties

44.1
4.4.2
4.4.3
4.4.4
4.4.5

Density

Porosity
Compressive strength
Water permeability
Drying shrinkage

4.5 Relationships among the properties of pervious concrete

45.1
45.2
453
4.5.4
4.5.5

Density and porosity

Density and compressive strength
Density and water permeability
Porosity and compressive strength

Porosity and water permeability

4.6 Properties of pervious mortar

4.6.1
4.6.2

Density, porosity, strength and water permeability

Drying shrinkage for pervious concrete and mortar

4.7 Combination of pervious concrete and pervious mortar

4.7.1
4.7.2
4.7.3

Density
Water permeability
Relationship between density and water permeability

4.8 Summary

Chapter 5 Conclusions and Recommendations for Further Research

5.1 Summary

5.2 Conclusions

521
5.2.2
5.2.3
524

No-fines pervious concrete and conventional concrete
Pervious concrete containing fly ash
Effect of aggregate grading for pervious concrete

Pervious mortar

58
59
60
62

64
65
66
68
71

73
73
73
74
76
76

77
77
78

80
80
80
82
83

84

84
84
85
86
86



5.2.5 Combination of pervious concrete and pervious mortar

5.3 Recommendations for further work

References
List of Standards

Appendix: List of Published Papers

86

87

88

92

93

Xi



Figure1.1
Figure 1.2
Figure 2.1
Figure 2.2
Figure 2.3
Figure 2.4
Figure 2.5

Figure 2.6

Figure 2.7
Figure 2.8
Figure 2.9

Figure 2.10
Figure 2.11
Figure 2.12
Figure 2.13
Figure2.14
Figure 2.15
Figure 2.16
Figure 2.17
Figure 2.18

Figure 2.19
Figure 2.20
Figure 2.21
Figure 2.22
Figure 2.23

LIST OF FIGURES

Pervious concrete pavement

Pervious Concrete block

Workability assessments for pervious concrete

Types of pores of pervious concrete

Linear relationships between total porosity and continuous porosity
Weighted average porosity versus regional vertical porosities
Two-dimensional images from 3D virtual pervious concrete
microstructures based on hybrid HCSS model

Two-dimensional images from 3D virtual pervious concrete
microstructures based on correlation field reconstruction algorithm
Relationship between compressive strength and void content

Effect of total porosity content on compressive strength

Effect of compaction energy on compressive strength
for no-fines concrete

Effect of aggregate/cement ratio on compressive strength
Compressive strength of pervious concrete with CCP-2

Falling head method for permeability testing

Constant head method for permeability testing

Relationship between permeability and void ratio

Relationship between permeability and air void content
Relationship between porosity and permeability

Intrinsic permeability (K) versus hydraulic connectivity factor (44)
Model resulting from the nonlinear fitting of the saturated hydraulic
conductivity and total porosity data to the Kozeny-Carman Equation
Drying shrinkage of pervious concrete

Freeze-thaw resistance test for pervious concrete

Pervious concrete blocksin Lake Eacham (Northern Queensland)
Pervious concrete clogging

Block section of pervious concrete with exaggerated pore structure

representing approximately 20% porosity

~N O NP

10
12

13

14
15
15

16
16
17
18
20
21
21
22
23

25
26
29
30
31

32

Xii



Figure 2.24
Figure 2.25
Figure 2.26
Figure 2.27
Figure 2.28
Figure 2.29
Figure 2.30
Figure 2.31
Figure 2.32
Figure 2.33
Figure 2.34
Figure 3.1
Figure 3.2
Figure 3.3
Figure 3.4
Figure 3.5
Figure 3.6
Figure 3.7
Figure 3.8
Figure 3.9
Figure 3.10
Figure 3.11
Figure 3.12
Figure 4.1

Figure 4.2

Figure 4.3
Figure4.4

Figure 4.5

Experimental set-up for clogging test

Placing pervious concrete

Pervious concrete pavement

Pervious concrete parking lot

Light traffic road

River bank

Tollgate

Schematic diagram of permeable pavement

HydroSTON

Use of HydroSTON for pavement

Sydney Olympic Park eco paving

Mouldability of pervious concrete at different water/cement ratios
Grading curves for pervious concrete containing fine aggregate
Pervious concrete cylinder

Grading curves for fine sand and coarse sand used in pervious mortar
Pervious mortar slab specimen

Specimen of pervious pavement system

Combination of pervious concrete and mortar

Casting of combination of pervious concrete and mortar
Constant head water permeability test

Pervious mortar specimen for water permeability

Constant head water permeability test for pervious pavement system
Pavement specimens covered by wax

Development of compressive strength by age

for conventional and pervious concretes

Development of drying shrinkage with time

of conventional concrete and pervious concretes

56-day drying shrinkage for conventiona and pervious concretes
Relationship between drying shrinkage and weight loss

for conventional and pervious concretes

Effect of water head and fly ash content on the permeability

of pervious concrete

33

35
35
35
36
36
38
38
38
39
41
42

&

R

46
48

49
49

55

56
56

57

61

Xiii



Figure 4.6

Figure 4.7

Figure 4.8

Figure 4.9

Figure 4.10

Figure4.11

Figure 4.12

Figure4.13

Figure 4.14
Figure.4.15

Figure.4.16

Figure.4.17

Figure 4.18

Figure 4.19

Figure 4.20

Figure 4.21

Figure.4.22

Determination of water permeability for pervious concrete
Development of drying shrinkage with time for pervious concrete
Relationship between drying shrinkage and weight loss
for pervious concrete
Effect of fine aggregate content on the water permeability
for pervious concrete (100% cement)
Effect of fine aggregate content on the water permeability
for pervious concrete (80% cement and 20% fly ash)
Determination of water permeability for pervious concrete
with and without fine aggregate
Development of drying shrinkage with time for pervious concrete
with and without fine aggregate
Relationship between drying shrinkage and weight loss
for pervious concrete with and without fine aggregate
Relationship between density and porosity for pervious concrete
Relationship between compressive strength and density
for pervious concrete
Relationship between density and water permeability
for pervious concrete
Rel ationship between porosity and compressive strength
for pervious concrete
Relationship between porosity and water permeability
for pervious concrete
Development of drying shrinkage with time for
pervious concrete and pervious mortar
Relationship between drying shrinkage and weight loss
for pervious concrete and pervious mortar

Determination of water permeability for pervious concrete,

pervious mortar, combination of pervious concrete and pervious mortar

Effect of density on water permeability

for combination of pervious concrete and pervious mortar

62
63

69

69

70

72

72
73

74

75

75

76

79

79

82

83

Xiv



Table2.1;

Table 2.2:

Table3.1;

Table 3.2

Table.3.3:
Table4.1:

Table4.2:

Table4.3:

Table4.4:

Table4.5:

Table4.6:

Table4.7:

Table4.8:

Table4.9:

Table 4.10:

Table4.11:

Table4.12:

Table 4.13;
Table4.14:

LIST OF TABLES

Physical properties of Coal Combution Products (CCPs)

Porosity and hydraulic conductivity for pervious concrete

Mix proportions for pervious and conventional concrete mixes,

by weight

Mix proportions for pervious concrete mixes

with and without fine aggregate by weight

Mix proportions for pervious mortar mixes by weight

Density for conventional concrete and pervious concrete
with and without cement replacement with fly ash

Porosity for conventional concrete and pervious concrete
with and without cement replacement with fly ash

Compressive strength for conventional concrete and pervious concrete
with and without cement replacement with fly ash

Density for pervious concrete with and without containing fly ash
Porosity for pervious concrete with and without containing fly ash
Compressive strength for pervious concrete

with and without containing fly ash

Water permeability of different water head for pervious concrete
with and without containing fly ash

Density for pervious concrete with and without fine aggregate
Porosity for pervious concrete with and without fine aggregate
Compressive strengths of pervious concrete

with and without fine aggregate

Water permeability for pervious concrete

with and without containing fine aggregate

Properties of pervious mortar

Density of combination pervious concrete and pervious mortar in kg/m®
Water permeability of combination pervious concrete

and pervious mortar

17
24

40

41
43

52

53

54

58

59

60

60

65

66

67

68

78

80

81

XV



keff

ksand

LIST OF SYMBOLS

cross-sectional area of cylinder
cross-sectional area of the specimen
cross-sectional areas of the tube
total surface area of the pervious concrete block
continuous air void content
surface area of the pervious concrete block occupied by pores
specific surface area of materias
total air void content of porous concrete
empirical constant
percent volumetric compaction of the column
generalized factor to account for different pore shapes
gravimetric air void ratio
gravitational acceleration
total height
water head (head difference)
initial water head
final water head
water permeability (water permeability coefficient)
theoretical effective permeability of sand-clogged or
covered pervious concrete block system
hydraulic conductivity
permeability of sand (cm/s)
water permeability at Tc®
length of the specimen
buoyant mass of the saturated specimens in water
dry massin the air for 24 hours
buoyant mass of the saturated specimens in water after 24 hours drying in
theair
buoyant mass of the saturated specimens in water

oven-dry mass of the specimens

XVi



O3 ™K
<

So

Vi
V>
Vol

mass of saturated surface-dry specimens
average porosity
theoretical porosity at the hight ‘y’
quantity of water
density of water
specific surface area of pores
mass of unit volume in the assumption of no air
time
Kinematic viscosity of water
total volume of specimens
sum of absolute volume of all materials on the concrete of 1m?
volume
porosity (void ratio)
mass of unit volume in the container
weight under water
oven dry weight
mass in the air after 24 hours
total mass of all materials on the concrete of 1m®
height
hydraulic connectivity factor
tortuosity

porosity

XVii



	Title page
	Acknowledgement
	Abstract
	Published papers
	Table of contents
	List of figures
	List of Symbols



