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27In this work, a new water permeable geopolymer with high strength and high water permeability coef-
28ficient based on fly ash-slag-metakaolin was proposed. The experimental results show that fresh geopoly-
29mer composite exhibits dry characteristic and porous structure. The void ratio is 27.6% and the
30permeability coefficient reaches 1.70 cm/s. The compressive strength and flexural strength reach about
3130 MPa and 6.2 MPa, respectively at 1 day and reach as high as 49 MPa and 11.3 MPa at 28 days of curing,
32respectively. After 100 freeze-thaw cycles, the terminal remaining mass is still larger than 80% along with
33internal damages and deteriorations on geopolymer paste coating. The dense microstructure of geopoly-
34mer matrix and interfacial transition zone indicates the high compressive strength, flexural strength and
35high freeze-thaw resistance of water permeable geopolymer.
36� 2017 Published by Elsevier B.V. on behalf of The Society of Powder Technology Japan. All rights
37reserved.
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41 1. Introduction

42 Water permeable concrete is an environmental-friendly mate-
43 rial mainly consisting of cementitious binders, water and coarse
44 aggregate. Use of water permeable concrete possesses several
45 advantages including storm-water management, reduced pave-
46 ment noise and pollutant control [1]. Traditionally, cement is used
47 as the main cementitious material, however, the main drawbacks
48 of cement including CO2 emission and a vast amount of energy
49 requirement [2,3] prompt various researches in an attempt to
50 develop alternative materials to produce a new kind of concrete to
51 combat these issues. Geopolymer is such an alternative material,
52 it is eco-friendly and sustainablematerial with low carbon footprint
53 and it is obtained from the polycondensation of aluminosilicate
54 solids, activated by an aqueous solution of alkali silicate [4].
55 Geopolymer has several advantages when compared to ordinary
56 Portland cement (OPC) including higher compressive strength,
57 higher flexural strength, faster setting time, earlier strength devel-
58 opment, lower CO2 emissions, and higher temperature resistance
59 [5–9].
60 The previously reported findings mainly focused on cement
61 based water permeable concrete. Kim et al. [1] prepared permeable

62concrete mixed with various alternative construction materials
63such as fly ash, fibers and tire chips. Huang et al. [10] developed
64a mathematical model for predicting water quality performance
65for different types of permeable pavements. Brunetti et al. [11] also
66discussed the suitability of a mechanistic model to describe the
67hydraulic behavior of permeable pavement. Park et al. [12] inves-
68tigated the physical and mechanical properties as well as seawater
69purification characteristics of water permeable concrete using
70recycled aggregate. However, after reviewing the previously pub-
71lished findings, there is a lack of experimental data on gopolymer
72based water permeable concrete. The properties of water perme-
73able concrete derived from geopolymer are not well-known, and
74little information is available about geopolymer based on fly ash,
75slag and metakaolin. Quantitative information on fly ash-slag-
76metakaolin geopolymer water permeable concrete still requires
77further investigation.
78In order to reduce CO2 emission and energy requirement, relieve
79the pressure from storm-water management and enlarge the uti-
80lization of industrial by-products, new water permeable geopoly-
81mer with high strength and high water permeability coefficient is
82urgently needed. In this work, a new water permeable geopolymer
83concretewith high strength and highwater permeability coefficient
84based on fly ash, slag and metakaolin was developed.
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Fig. 1. Fresh geopolymer concrete mix (a), geopolymer concrete specimen (b); test device for permeability coefficient (c) and permeability coefficient and void ratio (d).
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