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12 Abstract. The sustainable development in construction can be achieved by using industrial waste 

13 products in concrete. This work aims at developing a new composite by incorporating Granite Sawing 

14 Waste (GSW) in Poly Propylene fibre (PP) reinforced self compacting concrete along with Fly 

15 Ash(FA). Shrinkage studies and durability studies like water absorption, porosity, acid resistance, 

16 sulphate resistance and chloride penetration have been done. It is found that the shrinkage of Self 

17 Compacting Concrete (SCC) is considerably reduced by using GSW and PP fibre. Resistance against 

18 acid attack and chloride penetration are found to improve. Reduction in water absorption and porosity 

19 are found to be better than control concrete up to 10% of GSW and the sulphate resistance is improved. 

20 Keywords: Granite Sawing Waste, Poly propylene fibre, Shrinkage, Durability, SCC, SEM
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22 Highlights

23  Shrinkage and Durability of Granite sawing waste concrete with fibres is studied
24  Microstructure examination using SEM was conducted
25  Shrinkage reduction properties are excellent
26  Sulphate resistance and acid resistance are better than ordinary concrete

27 1.0 Introduction

28 A huge amount of solid wastes are generated from granite and marble industries. These wastes 

29 cause potential problems to the environment. The amount of cement used in concrete production 
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30 can be considerably reduced by using these types of industrial waste products. The other industrial 

31 waste products like silica fume, ground granulated blast furface slag, Fly Ash(FA), rice husk ash 

32 and nano silica are generally used in concrete as supplementary cementitious materials. Self 

33 Compacting Concrete(SCC) is a highly flowable concrete which does not require compaction. In 

34 this SCC the flowability can be increased by two means. Firstly high range water reducers along 

35 with viscosity modifying agents can be used. Secondly the powder content can be improved along 

36 with superplasticizers. Between these two methods, the economical method is to modify the 

37 powder content. The powder content can be increased by using industrial by-products instead of 

38 cement.  In India, more than 40% of granite sawing waste is produced in Tamilnadu, India, which 

39 is resulting from cutting and polishing processes. These processes produce mixture of water and 

40 fine particles which after drying becomes a potential problem to the environment. This can be used 

41 to improve the powder content in SCC. The granite polishing process yields fine granite powder 

42 which is disposed in the nearby areas without any treatment. This waste material is utilized in this 

43 work and referred as Granite Sawing Waste (GSW).  Dina M.Sadek at al [2016] have concluded 

44 that granite powder can be replaced upto 50% in SCC. The use of fibres improves the tensile 

45 strength and crack resistance in concrete but they affect the fresh state properties of concrete. 

46 Adjustment of admixture dosage and water/cementitious materials ratio in combination with 

47 proper mixing time is the key parameters to achieve the desired fresh state performance with 

48 fibres. The presence of supplementary cementitious material like nanosilica and reinforcing fibres 

49 in correct percentages, can improve the mechanical properties and durability of self-compacting 

50 concrete significantly[4,5]. Hence Polypropylene fibres (PP fibres) have been used in this work 

51 along with GSW for better strength and durability performance.
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52 The presence of polypropylene fibres had caused delay in starting the degradation process by 

53 reducing permeability, reducing the amount of shrinkage and expansion of concrete that can 

54 significantly affect the lifespan of the structure [6,7,8]. Adding PP fibre to concrete reduces the 

55 compressive strength, but both splitting tensile and flexural strengths increase first and then 

56 decrease with higher amount of fibre[9]. Studying the previous works on granite industry waste, 

57 laboratory trials showed that the coloured mortars with improved compressive strength can be 

58 produced with granite sludge waste[10]. Granite waste coarser in size resulting from cutting 

59 process has successfully been used instead of aggregates by many researchers [2,3,11]. Durability 

60 of ordinary concrete using  FA has also been investigated by number of authors [12]. Since FA is a 

61 successful mineral admixture which imparts workability, the effect of GSW may further be 

62 improved by utilization of FA [15]. The shrinkage is one of the drawback in the SCC. The study 

63 on the influence of paste volume on the shrinkage of SCC[13] has shown that the shrinkage is high 

64 in SCC comparing to normally vibrated concrete. 

65 The present work is aimed at developing a Fibre Reinforced Self Compacting Concrete 

66 (FRSCC) using the GSW, an industrial waste as a replacement material for the cement and its 

67 shrinkage and durability properties are examined and presented in this paper. The cement 

68 production worldwide is responsible for increase in carbon emissions. The GSW causes 

69 respiratory problems in the locality when it is not disposed properly. This work will suggest a 

70 solution to environmental problems related to cement industry and to problems related to disposal 

71 of GSW. A suitable mix has been developed with required characteristics of SCC. The size of 

72 GSW particles varies from 10 μm to 25 μm in one dimension and 1.5 μm to 2.5 μm in cross 

73 dimension. Figure 1 shows the image of scanning electron microscope graphs of GSW. It is 

74 understood from the Figure 1 that the GSW particles are fine, angular and irregular particles. But 
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75 Fly Ash particles are spherical in shape. The specific gravity of the GSW was found to be 2.59. 

76 The fineness of GSW  by Blaines air permeability as per IS 4031(Part 2)-1988 was 302 m2/kg. The 

77 specific gravity of fly ash was found to be 2.1. The fineness by Blaines air permeability of fly ash 

78 was 325 m2/kg. Ordinary Portland Cement of 43 Grade was used in the experiments. The fineness 

79 by Blaines air permeability was 358 m2/kg, the specific gravity was 3.11 and the 28 day 

80 compressive strength was 48.5 N/mm2.

81     

82                                            (a)                                                                           (b)

83 Fig 1. Scanning Electron Microscope graph of (a) GSW (b) Fly Ash

84 2.0 Mixture Proportions

85 One control and sixteen mixtures with mineral admixtures, totally 17 proportions were 

86 prepared and examined to quantify the properties of SCC. Table 1 presents the composition of the 

87 SCC mixtures. In the mixtures, ordinary portland cement was used and it was replaced with GSW 

88 at the contents of 0%, 5%, 10%, 15%, and 20% by mass of cement, Fly Ash 25% by volume of 

89 powder and each concrete mix was added with polypropylene fibre of 0%, 0.05%, 0.10% and 

90 0.15% by volume fraction. The manufacturer’s recommendations on use of polypropylene fibres is 
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91 0.1% to control the cracks. Since the workability was not achieved beyond 0.15% by volume the 

92 mixes were prepared only up to 0.15% by volume. The water–powder ratio by volume (w/p) was 

93 selected as 1.05 for the control mix and the total powder content was kept constant as 528 kg/m3 

94 for all the mixes with varied water powder ratio by volume. The powder content includes cement, 

95 fly ash and GSW. IS 456-2000-Code of practice for design of reinforced concrete limits the 

96 maximum cement content to 450 kg/m3 unless special measures to restrict creep and shrinkage has 

97 been provided. Hence it necessitates the use of additional mineral admixture in order to attain flow 

98 properties. Since SCC requires large powder quantity to maintain viscosity, Class F fly ash from 

99 Mettur thermal power plant, India is used as an additional mineral admixture. The Portland 

100 pozzolanic cement is manufactured with a maximum fly ash content of 35%. In order to find the 

101 effect of Industrial waste such as GSW the fly ash content is limited to 25% in all mixes including 

102 control mix.   Super plasticizer dosage by trial and error was 1.25% by weight of powder. A mix 

103 designation of GxPy used in this article refers to a GSW content of x% and PPF content of y%. 

104 Table 1 Mix Proportion used

Cement

kg/m3

Fly Ash

kg/m3

Fine Aggregate 

kg/m3

Coarse 

Aggregate 

kg/m3

Water 

lit /m3

Total powder

content

kg/m3

Super

plasticizer

431 97 913 755 194 528 1.25%

105

106 2.1 Methodology

107 When such unconventional materials like GSW is used in concrete it is very important to 

108 study the reliability of this new composite in terms of its durability. The shrinkage of concrete will 

109 cause undesirable stresses in concrete which in tern will lead to shrinkage cracks. The ingress of 

110 carbon dioxide, chloride ions and sulphate ions will affect the long term strength and serviceability 
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111 of the structure. The exposure of concrete to such external agents will cause cracks in concrete and 

112 corrosion of reinforcements inside. Hence the durability properties of this composite are evaluated 

113 based on shrinkage, water absorption and porosity, chloride ion penetration resistance, acid 

114 resistance and sulphate attack resistance.

115 2.2 Experimental procedures

116 Free drying shrinkage measurement of the concrete was done based on ASTM C-157 

117 standard procedure. Shrinkage test specimens used were square prisms 286mm in length 

118 (102x102x286 mm). Length change in % of the specimen relative to the specimen’s initial (1 day) 

119 reading is measured as shrinkage using length comparator. Since length change is influenced by 

120 the size of the specimens, specimens to be compared should have the same dimensions. In the 

121 present investigation, percentage of water absorption and porosity were determined as per the 

122 procedure given in ASTM 642–82. Saturated water absorption tests were carried out on 100mm 

123 cube specimens at the age of 28 days and 90 days curing. The saturated surface dried specimens 

124 were initially weighed.  They were kept in a hot air oven at 1050C till a constant weight was 

125 attained. And the mass of oven dry specimen was noted. After curing for about 28 days, the 

126 specimens of all types of mixtures were broken into small pieces. The pieces are of size roughly 5 

127 x 5 x 4 mm containing cement paste and fibres and were scanned by electron microscope. The 

128 scanning electron microscopic (SEM) studies were performed using Hitachi S3000N Scanning 

129 Electron Microscope. In this study, in order to observe the effect of polypropylene fibres on 

130 cement paste, this was positioned at the centre of the SEM to show all particles and interfacial 

131 transition zone.

132 Rapid chloride permeability test is a well accepted test which measures the chloride ion 

133 penetration within short period of time. The RCPT experiment was done as per ASTM C1202 
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134 Standard. The test method consists of monitoring the amount of electrical current passed through 

135 50mm thick slices of 100mm nominal diameter of  cylindrical specimens for a duration of six 

136 hours.  For acid attack, 3% dilute sulphuric acid  (H2SO4) by volume of the water with PH value of 

137 about 2 was used as per Dinakar et al 2008[12].  For sulphate attack, 5% sodium sulphate 

138 (Na2SO4) by volume of the water was used[11].

139 2.3 Results and Discussions

140 2.3.1 Shrinkage 

141 The relationship between total shrinkage and composition is very complex for SCC. The 

142 results from tests for the shrinkage of SCC mixes have produced both higher and lower values – 

143 apparently conflicting results. In case of ordinary vibrated concrete, increase in the water/cement 

144 ratio alone increases the pore content and permits higher shrinkage. Increase in the water/cement 

145 ratio in SCC is less effective, as there is a substantial amount of fine particles (cement and 

146 additions), which also require to be ‘coated’ by a layer of water. The value of the total shrinkage is 

147 therefore dependent not only on the water/cement ratio but also on the water/powder ratio. It can 

148 be both greater than or less than the shrinkage of vibrated concrete. 

149                                       

150   Fig 2.Shrinkage Strain of Specimens with GSW Without Fibres
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151                    

152             (a)5%GSW            (b)10%GSW

153                             

154                                        (c)15%GSW            (d)20%GSW

155 Fig 3.Shrinkage Strain of Specimens with GSW and Fibres

156 In this experimental work, a water powder ratio of 1.05 by volume (water powder ratio by weight 

157 0.37) has been used. The powder content consists of cement, fly ash and GSW. Generally non-

158 restrained shrinkage found to increase almost linearly with an increase in volume of paste. In this 

159 work, the paste volume was kept as constant. The shrinkage strain of different specimens with 

160 GSW and without fibres is plotted in Fig  2. The same for specimens with fibres are plotted in Fig 

161 3. The shrinkage results show that there is a reduction in shrinkage strain due to the addition of 

162 GSW when there are no fibres. 
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163 At the age of 28 days the reduction in shrinkage for 5%, 10%, 15% and 20% GSW are  22.04%, 

164 22.83% , 30.71%, 40.94% respectively. The reduction in shrinkage for the same concrete at 100 

165 days are 19.17%, 28.94%, 31.95%, 38.34% respectively. The reduction is high at early stages than 

166 at later stages. According to Alrifai et al(2013), “the cement paste is a porous material having 

167 active pores with size of micrometre to nanometre. The porosity plays a significant role in the 

168 shrinkage phenomenon. The reduction in the size of the pores and in the total porosity decreases 

169 the exchange of humidity with the external environment which results in a less significant drying 

170 shrinkage”. The inclusion of GSW improves the pore structure of concrete and hence there is a 

171 reduction in shrinkage strain.

172 The shrinkage reduction at 100 days with 5% GSW along with fibre content of 0.05%, 

173 0.1% and 0.15% are 28.20%, 38.72%, 42.10% respectively. The same for 10% GSW are 42.11%, 

174 45.49%, 50.75% respectively. The shrinkage reduction for 15% GSW are 42.86%, 46.62%, 

175 52.63% respectively and for 20% GSW are 46.62%, 50.38%, 54.51% with fibres. From the above 

176 results it is inferred that the shrinkage reduction of 54.5% is possible at the age of 100 days in the 

177 mix containing 20% GSW and 0.15% fibres. The effect of fibres is not significant as GSW in 

178 reducing the shrinkage. The inclusion of polypropylene fibres absorbs some of the water content 

179 and distributes slowly to the process of hydration. Hence there is a reduction in shrinkage due to 

180 the addition of fibres. When the fibres are added the shrinkage strain further reduces. The 

181 percentage of reduction is high when the fibre content is high. Saeid Kakooei et al (2012) have 

182 stated that the presence of polypropylene fibres caused reduction in permeability and shrinkage of 

183 concrete. N. Flores Medina et al (2015) have concluded that use of PPF along with silica fume 

184 reduces the shrinkage, cracking and permeability of concrete.

185
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186 2.3.2 Water Absorption and Porosity

187 Table 2 shows the results of water absorption and porosity. The water absorption percentage at 28 

188 days for control concrete is 6.67%. Water absorption decreases to 5.04% and 5.02% at GSW 

189 contents of 5% and 10%. Then there is some increase in water absorption to 5.56% and 6.07% at 

190 GSW contents of 15% and 20%. But the value is less than that of control concrete. Hence the 

191 inclusion of GSW slightly decreases water absorption first then increases. But at 90 days the water 

192 absorption is less than at 28 days. For concrete with 20% GSW the water absorption at 28 days 

193 and 90 days are 6.07% and 5.76% respectively. The same with 0.15% fibres increases to 7.41% 

194 and 6.22%. The same is observed in all other mix proportions. Hence the inclusion of fibres 

195 keeping GSW constant increases the water absorption. The water absorption was lesser at 90 days 

196 compared to 28 days due to the addition of fine particles such as GSW and fly ash. The water 

197 absorption tends to reduce due to the continuous process of hydration over time. The GSW content 

198 of 10% without any fibres gives minimum water absorption. The variation of water absorption at 

199 28 days for various mixes are plotted in Fig 4. The porosity for 5%GSW and 10% GSW are lesser 

200 than control concrete. The improved pore structure of granite concrete was also proven by research 

201 works of Hanifi Binici et al(2008). The increase in fibre content increases the porosity value for all 

202 concretes with GSW. A.A. Ramezanianpour et al(2013) have stated that presence of PP fibres 

203 increases the pores in concrete. But it decreases inner connectivity of pores and reduces capillary 

204 porosity. 
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206                                               Fig 4. Water Absorption at 28 days in Percentage

207   Table 2. Water Absorption and Porosity of Different Specimens

Water absorption % Porosity %Sl.No Mix

Proportion 28 days 90 days 28 days 90 days

1 Control Concrete 6.67 6.32 17 16

2 G5P0 5.04 4.62 13 11

3 G5P0.05 5.41 4.92 14 12

4 G5P0.1 5.47 5.33 14 13

5 G5P0.15 5.77 5.37 15 13

6 G10P0 5.02 5.14 13 11

7 G10P0.05 5.20 5.28 13 12

8 G10P0.1 5.26 5.47 13 13

9 G10P0.15 5.62 5.37 14 14

10 G15P0 5.56 4.67 14 13
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11 G15P0.05 5.95 4.96 15 13

12 G15P0.1 6.12 5.26 15 14

13 G15P0.15 6.12 5.58 15 14

14 G20P0 6.07 5.76 15 14

15 G20P0.05 6.37 5.83 16 14

16 G20P0.1 6.69 5.91 17 15

17 G20P0.15 7.41 6.22 18 15

208

209 The SEM micrograph analysis at 28 days was carried out for the specimens and the results are 

210 shown in Fig.5(a) to 5(e). The pores are visible in the control concrete as shown in Fig 5(a) and the 

211 reduction in pore structure was observed in Fig 5(b) and (c) with 5% and 10% GSW. The concrete 

212 with 15% and 20% GSW has increased number of pores with raw GSW particles which indicate 

213 the lack of hydration process.

214                          

215                      (a) Specimen G0P0                                             (b) Specimen G5P0.1
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216          

217                       (c) Specimen G10P0.1                                             (d) Specimen G15P0.1

218                                     

219                                                    (e) Specimen G20P0.1

220 Fig 5 SEM micrographs of specimens (a) Without GSW and PP fibre (b) With GSW 5% and 0.1% of 

221 PP fibres (c) With 10% GSW and 0.1% PP fibre (d) with 15% GSW and 0.1% PP fibre (e) with 20% 

222 GSW and 0.1% PP fibre

223 2.3.3 Rapid Chloride Permeability

224 The results of rapid chloride permeability tests (RCPT) are plotted in Fig 6 and it is found that the 

225 inclusion of GSW reduces chloride permeability. When the GSW content increases from 5% to 

226 20%, the percentage reduction in chloride permeability is observed to be 41.27%, 41.73%, 10.31% 

227 and 9.27% at 28 days compared to control concrete. The reduction percentage at 90 days are 
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228 43.7%, 44.15%, 6.22% and 3.34%. But the chloride penetration increases to 6.22%, 10.28%, 

229 30.86% and 60.71% for above concretes with 0.15% fibres. The chloride penetration is minimum 

230 for 10% of GSW without any fibres. The value is maximum for 20% replacement of GSW with 

231 0.15% of fibres. The chloride penetration decreases due to the addition of GSW upto 10% then 

232 there is an increase in penetration. Chloride penetration also increases due to addition of fibres. 

233 But it falls under the category of very low as per ASTM C1202. At 28 days the RCPT values are 

234 high, but at later ages of 90 days the penetration value reduces.

235
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236 Fig 6. Charge passed in Coulombs in RCPT Test

237 The pore structure of SCC is changed into dense condition due to addition of GSW particles and 

238 hence there is a reduction in RCPT values. But at 15% and 20% this effect is minimized and there 

239 is a marginal increase in RCPT values. This may be because of inclusion of more GSW particles 

240 having size greater than pore structure. The densification of pore structure results due to continued 

241 hydration at later ages and the chloride penetration decreases at 90 days. Sarbjeet Singh el al[2016] 

242 have also concluded that GSW improves resistance against chloride ion penetration. At a fibre 
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243 content of 0.15% also there is some increase in RCPT values. Congestion caused by the high fibre 

244 volume affects self compacting ability which increases the pore structure and hence the RCPT 

245 Values. T.A. Soylev (2014) et al proved that the rate of chloride penetration reduces due to the 

246 presence of PP fibres. 

247 2.3.4 Acid Resistance

248 The acid resistance test revealed that, the maximum weight loss was observed in the control 

249 concrete at all ages of 28, 90,120 days. Table 3 gives the values of experimental results of acid 

250 test. The weight loss has been plotted against GSW and fibre content in Fig 7. The maximum 

251 value was observed in 120days which is 7.93% for control concrete. The loss in weight decreases 

252 due to the addition of GSW. There is further decrease in the loss in weight by inclusion of fibres. 

253 The GSW has 61.4% of siliceous materials which has high resistance to acid attack. Hence the 

254 addition of GSW reduces the weight loss due to acid attack. Since the polypropylene fibres hold 

255 the concrete particles firmly and the weight loss reduces due to the increase in fibre content when 

256 the GSW is kept constant. The weight loss is only 1.05% for the concrete with 20% GSW and 

257 0.15% fibres. This is in good agreement with the study conducted by Dinakar et al(2008). They 

258 replaced cement with fly ash at high volumes and concluded that the reduction in cement content 

259 reduces the weight loss due to acid attack, since the reaction compounds like Ca(OH)2 are less 

260 when the cement content is less during the deterioration process. In this study also, the reduction in 

261 cement content due to the replacement with GSW reduces the weight loss. Fig 8 shows the 

262 specimens being cured in acid environment and tested in compression testing machine of 2000 kN 

263 capacity.
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265 Fig 7.Percentage Weight Loss After 120 Days of Exposure to Acid Environment

266 Table 3. Results of Acid Resistance Test

Average 

Reduction In Weight(%)

Average Loss In Compressive 

Strength(%)

Mix Proportions 28 days 90 days 120 days 28 days 90 days 120 days

Control Concrete 7.73 7.91 7.93 45.26 54.3 60.85

G5P0 3.93 5.11 6.44 31.06 43.35 50.98

G5P0.05 3.34 3.60 4.14 40.37 51.18 55.16

G5P0.1 3.12 3.06 4.05 35.40 45.36 56.46
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G5P0.15 2.4 2.65 3.86 41.96 50.57 58.65

G10P0 3.37 3.53 4.25 32.22 48.11 55.67

G10P0.05 2.27 3.00 3.27 43.13 44.85 56.64

G10P0.1 2.07 2.4 3.22 38.79 43.83 55.36

G10P0.15 1.52 3.15 3.30 37.75 42.82 54.67

G15P0 2.52 2.78 3.21 35.43 38.24 41.43

G15P0.05 1.67 2.53 2.72 36.72 47.44 49.05

G15P0.1 1.57 2.72 2.81 32.81 43.42 53.78

G15P0.15 1.24 1.34 1.99 42.71 50.80 53.11

G20P0 2.26 2.62 3.14 19.64 31.28 47.36

G20P0.05 1.04 2.05 2.16 33.66 48.09 54.68

G20P0.1 1.23 2.10 3.15 35.54 46.34 50.23

G20P0.15 1.05 2.15 3.12 36.72 50.47 52.86

267

268 The loss in compressive strength was measured after acid exposure at 28, 90 and 120 days. The 

269 loss in compressive strength in control concrete is 45.26%. 54.3% and 60.85% after severe acid 

270 exposure at 28, 90 and 120 days. But with a GSW content of 20% it reduces to 19.64%, 31.28% 

271 and 47.36%. It is observed that the loss in compressive strength is high for control concrete. There 

272 is a decrease in loss due to the addition of GSW. The same content of GSW 20% along with 

273 0.15% of fibres results in the reduction of strength by 36.72%, 50.47% and 52.86% which is  

274 lower than control concrete but higher than GSW 20% without fibres. Hence there is increase in 

275 loss of compressive strength after acid exposure in fibre introduced concretes. The bridging effect 

276 of fibres which are affected by acid environment is not effective under compression. Hence there 

277 is higher strength loss compared to  GSW concrete without fibres.
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278         

279                           (a)                                                          (b)                                (c)

280    Fig 8. Specimens Subjected to Acid Attack (a)Acid curing (b)Testing (c)Specimen before testing

281 2.3.5 Sulphate Attack

282 Table 4 shows the results of sulphate resistance test. The loss of strength up to 48.83% is noticed  

283 in control concrete at 120 days. It decreases to 41.66%, 39.34%, 38.93% and 36.43% when the 

284 GSW content increases from 5% to 20%. The same values increase to 49.32%, 48.45%, 46.31% 

285 and 50.82% due to the addition of 0.15% fibres. The results are plotted in the form of a bar chart 

286 and shown in Fig 9. The loss in compressive strength due to sulphate attack was high for the 

287 control concrete at 28, 90, 120 days. The strength loss after sulphate attack tends to decrease with 

288 the addition of GSW. The maximum loss was noticed for 20% GSW with 0.15% fibre. The 

289 concrete containing GSW showed lesser loss in compressive strength when compared to control 

290 mix but the loss increased when increasing the fibre content. Hence the GSW substitution 

291 improves the sulphate resistance of concrete. The reactivity of mineral admixtures improves the 

292 bonding between cement, aggregates and admixtures, which further improves durability. Hence 

293 the improvement in sulphate resistance shows the reactivity of GSW. This result is also supported 

294 by research works of Hanifi Binici et al (8).
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296                                          Fig 9. Loss of Compressive Strength after Sulphate Attack

297 Table 4. Loss of Compressive Strength after Sulphate Attack

Average Loss In Compressive Strength (%)Mix Proportion

28 days 90 days 120 days

Control Concrete 40.31 44.52 48.83

G5P0 32.55 34.55 41.66

G5P0.05 41.31 43.45 47.88

G5P0.1 43.32 44.44 48.64

G5P0.15 43.34 47.28 49.32

G10P0 34.34 37.57 39.34

G10P0.05 38.79 42.56 45.05

G10P0.1 37.20 41.70 44.70
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G10P0.15 39.66 46.93 48.45

G15P0 30.46 34.21 38.93

G15P0.05 30.98 34.62 40.94

G15P0.1 36.17 41.36 47.03

G15P0.15 36.9 41.64 46.31

G20P0 30.36 33.87 36.43

G20P0.05 34.81 40.73 45.12

G20P0.1 41.92 45.12 48.32

G20P0.15 44.44 48.49 50.82

298

299 3.0 Conclusion

300 The use of GSW in concrete is an environmentally beneficial option for producing sustainable 

301 concrete. The insight to the shrinkage and durability properties of this concrete results in the 

302 following conclusions.

303  The early age cracking due to drying shrinkage affect the long term durability of concrete. 

304 Also the resistance of concrete to any external influencing agents depends on the intrinsic 

305 pores and their connectivity. The interconnected pores lead to transport of external agents 

306 like moisture and chlorides. The improved pore structure due to addition of GSW reduces 

307 the shrinkage. The autogenous shrinkage performance can be improved by distribution of 

308 moisture from the surface of fibre to the concrete hydration. A maximum reduction of 

309 54.5% is possible at the age of 100 days in the mix containing 20% GSW and 0.15% 

310 fibres.
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311  Water absorption and porosity decreases up to 10% of GSW. Due to secondary reaction of 

312 fly ash, the water absorption and porosity are reduced at later ages of 90 days than at 28 

313 days.

314  The charge passed in coulombs in RCPT test was well within the limits specified by 

315 ASTM Standards for all mixes for the concrete with GSW.

316  The acid resistance improved due to presence of GSW. The bridging effect of fibres is 

317 affected by acid environment and hence there is higher strength loss compared to GSW 

318 concrete without fibres. But the loss in strength is less in all the specimens compared to 

319 control concrete. The loss in strength is high when exposed to longer period of 90 and 120 

320 days.

321  Durability properties are greatly affected due to sulphate attack for control concrete. This 

322 effect can be reduced by the inclusion of GSW.  The sulphate resistance is improved by 

323 25.4% than control concrete due to 20% GSW substitution. 

324 Hence the GSW substitution for cement in FRSCC will be an ecofriendly option with improved 

325 durability. It can be substituted up to 10% in FRSCC. The results of the investigations demonstrate 

326 the durability characteristics of Granite Sawing Waste based sustainable concrete. Thus it is 

327 recommended that the GSW can be used in FRSCC as an alternate material for cement, production 

328 of which creates significant environmental pollution. This will also be useful for better 

329 performance of concrete and safe disposal of GSW.
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