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ABSTRACT

The energy used to maintain the thermal comfort of building greatly contributes the
greenhouse gas (GHG) emissions and global warming. This study developed a
sustainable cost-effective rice husk ash (RHA) based mortar for the wall plaster to
improve the thermal insulation, reduce the operational energy and enable the thermal
comfort. RHA was partially replaced the sand in the conventional mortar to produce
the RHA based plaster. Compressive strength and thermal conductivity tests were
conducted, and the results highlight that the RHA can be replaced up to 30% of sand
in the conventional mortar to produce a wall plaster with improved thermal insulation
with adequate compressive strength. Further, this study investigates the thermal
performance of the RHA-based plaster through measured the heat transfer rate under
full open weather conditions. Two identical prototype model houses were constructed
with RHA-based plaster and conventional plaster, and internal and external wall
surface temperatures were measured for 3-days cycles. The results highlighted that on
average peak heat flux reduction formed by the RHA-based plaster mortar was 10%.
The average daily heat transfer reduction across the wall with RHA-based plaster was
26%. Further, results show that RHA-based plaster can reduce the energy that required
to enable the thermal comfort by about 9% than the conventional mortar. The
environmental impact analysis was also conducted to assess the sustainable
performance of RHA-based mortar. The assessment highlights that RHA-based
mortar has less environmental impact than the conventional mortar. Further, the CO>
emission produced by the production of RHA-based mortar is about 14% less than
that of from conventional mortar. At last stage the developed plaster was applied with
CFRP specimens and checked for the thermal test and bond test using single shear
test. 70% to 73% fire resistance can be achieved respect to the commercially available
material (Vermiculite-cement).

Keywords: Plaster; Rice Husk Ash; Thermal properties; Life cycle Assessment;
Compressive strength; Heat transfer analysis; Heat flux



LIST OF PUBLICATIONS

International Journals

1. Development of innovative Rice Husk Ash based insulated mortar to enhance
thermal performance in buildings— construction and building materials— Under
review

2. Utilization of crushed tile coarse aggregate (CTCA) and rice husk ash (RHA)
as partial replacements of natural coarse aggregate and binding material in
concrete— Advances in Civil Engineering — Under review

3. Behaviour of CFRP strengthened concrete curved beam subject to out of plane

bending -Engineering Structures— Under review

International Conferences

1. Thermal Performance of Rice Husk Ash mixed mortar in Concrete and
Masonry Buildings - 10th International Conference on Advanced Models and
New Concepts in Concrete and Masonry Structures, Poland, Lublin -Indexed
conference- journal “Budownictwo i Architektura” (Civil Engineering and
Architecture) https://doi.org/10.35784/bud-arch.2121

2. An investigation into the flexural behaviour of horizontally curved beams
strengthened with NSM CFRP LAMINATES- International Conference on

Civil Engineering and Application, Moratuwa, Sri Lanka - Published



https://doi.org/10.35784/bud-arch.2121

Table of Contents

DECLARATION ...ttt sttt sttt st nn s 1
ACKNOWLEDGEMENT ..ottt 2
ABSTRACT ..ottt bttt st b et e s et et ne et e ne e 3
LIST OF PUBLICATIONS ...ttt sttt 4
TabIE Of CONTENTS. ....cviieitisieeiie ettt nens 5
TS ) o O =SS 9
LIST Of TADIES ..ot 12
CHAPTER 1: INTRODUCTION ...c.ciiiiiieicie ittt 13
1.1 BaCKQrOUNG........coiuieieiiie ittt sre e ens 13
1.2 Significance of reSearch ..o 16
1.3 AIM aNnd ODJECLIVES ......veeiicie et 16
1.4 The Arrangement Of the TNESIS .......ccueiiiiiiiiiiree e 16
1.5 Chapter SUMMAIY ......ooviiiiiieiieeie et bbb 16
CHAPTER 2: LITERATURE REVIEW.......coiii et 18
P20 I 111 0o [ od 1 o] TSR 18
2.1.1 Need for Building insulation materials............c.ccooviiienininieninineee, 19
o= SR 20
2.3 Characterizations Of RHA .........oiiieie e e 21
2.4 PropertiesS OF RHA ... s 23
2.5 Applications of RHA IN CONCIELE ........cevieiiiiieiiiireeeeee e 23
2.6 Physical properties of RHA ..o 24
2.7 Particle Size diStribDULION .........cocooiiiiieieee e 25
2.8 Mechanical properties Of RHA .........ccooiiiieiececeee e 26
2.8. 1 FIOWADITILY ....cvveiicicciece e 26
2.8.2 Compressive StreNgth .........cocveiviiiece e 27
2.8.3 Water abSOIPLION ....covieiiieiee e 29
2.8.4 BUIK DENSILY ....cuvieiiiieitie ittt 30

2.9 Thermal insulation MAterialS ..........cooiieiieiiiie e 30
2.10 Insulation system for CFRP/Concrete COMPOSIES .......cccevvvveiieiiieeiieiiieeiinnn 31
2.11 RESEAICN QAP ... eeiviiiiieiie ettt e e e e e re e nrae s 32



CHAPTER 3: METHODOLOGY ....ccoiiiiiiiiiiieii s 33

31 RAW MALEITAIS ..o s 34
3.1.1 Materials used in SAMPIES.........cccoueieirreieie i, 35
3.2 Laboratory test for raw materials ..........cccocevviiiiieii s 35
3.2.1 Particle Size DiStriDULION.........cccoviiiiiiiese e 35
3.2.1.1  Sieve ANAlYSIS TESE .....civeieiieieeiie e 36
3.2.1.2 Laser ANAlysis TeSE ..o 36
3.2.2 The microstructure Of RHA ... 37
3.2.2.1 Collection of SAMPIES ......cc.ooiiiiiiiiieee e, 37

3.3 Mortar sample Preparation ..........ccoceeoeoerirenenineeeee e 38
3.3.1 Mixing, Casting and CUING ......ccevieererrieiieiierie e 41
3.4 Laboratory test fOr MOITAT .........cceiveiiiieierere e 41
3.4.1 Workability test / FIOW TESt........cooiieiiiiiiiiiirieieeee e 41
3.4.2 Compressive strength test (Cube test) ........ccvvviiiriiiiies e, 42
3.4.3 Water absorption test By IMMErsioN..........cccoovviiiniieienese e, 42
344 BUIK TBNSITY ...t 43
3.4.5 Thermal CONAUCHIVILY.......ccoeiieiiiiecicce e 43
CHAPTER 4: LOW CARBON RHA (LRHA) AND HIGH CARBON (HRHA)........... 46
R O AV =T Y/ 1= A 46
4.2 Chemical COMPOSITION ......ccviiiiiieieie e e 47
4.3 Properties of LRHA incorporated mortar samples (Preliminary study).......... 47
4.3. 1 WOIKability .......ccviiiieie e 47
4.3.2 Compressive SIrength ... 49
4.3.3 Water abSOIPLION ......cc.oiieiieiieiic et 49
4.3.4 Thermal CONAUCLIVILY.......ccoeiiiiiiieee e, 50
4.3.5 DENSITY .....oiiiiiie ettt re e re e 53
4.3.6 Microstructure Of RHA ..o 54
4.3.7 Relationship between Thermal Conductivity and Density ....................... 55
4.3.8 Relationship between Thermal Conductivity and Compressive strength.56
O o] o [1E] o] OSSP 57
4.5 High €arbon RHA ..o s 58
4.6 Particle size distribution Of LRHA ..o 58
4.7 Chemical composition of HRHA ...t 59
4.8 Microstructure and morphology of materials ... 59
4.9 Properties of HRHA incorporated Mortar cubes (Preliminary study)............. 60
4.9.1 WOTKaDIIITY ..o 60
4.9.2 Compressive SIrENQh ... 61
4.9.3 Water abDSOrPLiON .......ccviiiiiiie e 62



4.9.4 Thermal CONAUCTIVILY.......ccveieiieiiee e 63

4.9.5 DENSITY ...c.vviiiiie ettt e e re e 66
4.10 Microstructure OF HRHA . .......ooiiiee e 66
4,10 CONCIUSTON ...ttt et bbb 67
4.12 Comparative study on LRHA and HRHA mortar..........cccccoeveveevviieieennnn, 68
4.13 Chemical @NalYSIS........ccouiiieiiiieieese e 68
4.14 Microstructure and morphology of materials...........ccccoooeviiiniiiiicicee 70
A.15 CONCIUSION ...ttt sttt sae e teere e beene e 71

CHAPTER 5: IMPROVEMENT OF MECHANICAL PROPERTIES AND
ECONOMIC ANALYSIS ...ttt e 72
5.1 OVEIVIBW ..ttt ettt ettt ene et eaneesteesse s e nbeaneeaneenreeneennes 72
5.2 ReSUILS aNd AISCUSSION ......vevveieeiieiieeieeie st esieeiiestee e sre e e ee e sreeeeenes 72
5.3 ECONOMIC ANAIYSIS ....veviiiiiiiieeitesicsieee e 73
5.4 Comparison of developed mortar with commercially available product ........ 75
5.5 Chapter SUMIMANY .......ccoviiiieiiiieiseee e 76
CHAPTER 6: LIFE CYCLE ASSESSMENT (LCA) OF RHA-ASED MORTAR......... 77
8.1 OVEIVIBW ..ottt bbbttt ettt bbbttt 77
6.2 Environmental impact on the production of RHA-based mortar .................... 79
CHAPTER 7: HEAT TRANSFER ANALYSIS......cot ittt 83
T L OVEIVIBW ..ttt ettt ettt sttt ne et nes 83
7.2 ReSUILS aNd diSCUSSION ......ouviiiiiiiiieieeiieieie e 85
CHAPTER 8: TESTING RELATED TO CFRP AND INSULATION PLASTER ....... 88
B.L OVEIVIBW ...ttt bbbttt sb ettt ne e 88
8.2 THEIMAl TEST.....eiiviieieiieee e e 88
8.3 Testing related to thermal insulation of concrete cylinder and CFRP............. 90
8.3, L TESE SBEUP ..cteie ittt ettt e et e b e b e nre e e enes 90
8.2 RESUILS ...t 92
CHAPTER 9: CONCLUSION AND RECOMMENDATION........ccoviveiiieeeiiee s 93
T8 A 00 Tod 1115 o] 1 USRS 93
9.2 RECOMMENAALIONS .....eevvieiieiiieie e sie e ie e te e te e sraeae e sre e e sneesreeneennes 95
REFERENCES . ...ttt e e aee e e e e nne e e enneas 96
Y o N 5 1 G SRR 104



A.1: Invented product- AGRO MORTAR .....ocoiiiiiiie e 104

A.2: DATA FOR PHYSICAL PROPERTIES ......cccoiiiiiieiieiene e 105
A.2.1: SIEVE ANAIYSIS ...vvevieie ettt 105
A.2.2: Chemical COMPOSITION ......ccveiieiieiicie e 106
N B 1= 1] | OSSR 106
A.2.4: Water abSOIPLION ....cvviviiiiecie e 108

APPENDIX Bttt sttt sbe bt na e neennes 111

B.1: DATA FOR MECHANICAL PROPERTIES .......cccooeviiiiece e 111
B.1.1: Compressive Strength..........coooeiiiiiiiiceec e, 111
B.1.2: Thermal CondUCTIVITY ........cocoveiiiiiiiiiiseee e 115



List of Figures

Figure 2.1: Sustainable building insulation materials a) Reed panel b) Sugar cane c)

Sheep wool d) DUrian Plant...........coooeiieiecie e 20
Figure 2.2: Annual production of rice around the world 2018/2019..............cce...... 20
Figure 2.3: Annual production of rice in all the districts of Sri Lanka 2018/2019
MAHA SEASON ..ot e e e e e et e e enes 21
Figure 2.4: Microstructure of RHA (A) Outer Surface (B) Inner surface area (C)
Side surface and (D) Intermediate [ayer..........cccocveveiieiecie i 22
Figure 2.5: SEM photographs of RHA (A) 500 x (B) 1000 x magnification level ..24
Figure 2.6: (A) Raw rice husk, (B) Controlled burned RHA, (C) After grinding.....24
Figure 2.7: Variation of particle size Of RHA ..o 26
Figure 2.8: Compressive strength variation with RHA replacement levels [36] ...... 28
Figure 3.1: Experimental layout................ooiiiiiii e 33
Figure 3.2: a) Low carbon Rice Husk Ash b) High carbon Rice Husk Ash........... 34
Figure 3.3: Differenttypes Of RHA. ... ... 34
Figure 3.4: Sieve analysiS teSt. ... ....oouii i, 36
Figure 3.5: Laser Particle ANAlYZEr..........coiiiiiii e 37
Figure 3.6: a) Sample preparation (b) Testing instrument (c) Cleaning the samples
before testing under Nigh PreSSUIE.........couvive e 37
Figure 3.7: (a) Prepared samples (b) Mechanical mixer .........cccccovviiiniiniennn, 40
Figure 3.8: FIOW OF the MiX......ccooiiiiiiiiiiiee e 41
Figure 3.9: Test for compressive Strength ............ccovveii i 42

Figure 3.10: (a) Specimens to check thermal conductivity (b) Instrument used to
check thermal CONUCTIVITY........ccoiiiiiiiiiiccee s 44

Figure 3.11: (a) Thermal conductivity instrument (b) Computer software for Lee’s

1002 L LU PR UPRUUPRURRPIN 44
Figure 3.12: Schematic diagram of Lee’s disk method: a) stage 1 b) stage 2........... 45
Figure 4.1: Particle size distribution of LRHA.............coo i, 46
Figure 4.2: Variation of flow for different w/c ratio of 30 % replacement LRHA mix
(@) 0.5;(0) 0.7, (€) 0.9; (d) 1.0; () 1.2+ neneeeiiie e 48


file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57979201
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57979202
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57979202
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57979203
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57979203
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57979204
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57979205
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57979148
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57979150
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57979151
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57979153
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57979153
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57979154
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57979156
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57979157
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57979157
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57979158
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57979158
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57979159
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57985514
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57985515
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57985515

Figure 4.3: Compressive strength of samples with the different replacement of

Figure 4.4: Water absorption of specimens with various amount of RHA
FEPIACEIMENT. .. e e 50
Figure 4.5: Data obtained from lee’s disc method....................coooiiiiina. 51

Figure 4.6: Relationship between the average thermal conductivity and amount of

LRHA replaCement. ..o e 52
Figure 4.7: Bulk density and dry density variation of LRHA........................ 53
Figure 4.8: SEM image of mortar with Low-carbon RHA a) 20% b) 30% c) 50% d)
70% AN €) L000......ceueeuteiteeie ettt nre s 54
Figure 4.9: SEM image of mortar without RHA. ..., 55
Figure 4.10: Thermal conductivity and density variation................................ 55
Figure 4.11: Variation of thermal conductivity with compressive strength........... 56
Figure 4.12: SEM image of mortar with (a) 10 % (b) 70 % RHA at x250
magnification 1eVel. ... ... ..o, 57
Figure 4.13: Raw rice husk before and after burning ........................cal 58
Figure 4.14: Particle size distribution of HRHA. ..., 58
Figure 4.15: SEM observation of HRHA at x 75 magnification level................. 60
Figure 4.16: Compressive Strength with various RHA...........cccoooiiiiiiiiniceee, 61
Figure 4.17: Relationship between water absorption and amount of RHA............... 62
Figure 4.18: The cooling curve and heating curve from Lee’s Disc method............. 64

Figure 4.19: Relationship between the average thermal conductivity and amount of

HRHA 1ePIaCEMENT ...ttt ene s 65
Figure 4.20: Bulk density and dry density variation of HRHA..............c.ccoeviiiennn. 66
Figure 4.21: SEM images of mortars containing (a) 20 %, (b) 30 %, (c) 50 % and (d)
100 % OF HRHA ...ttt s be e ae e 67
Figure 4.22: Chemical composition of rice husk ash samples ............ccccovveiiiinnn, 69
Figure 4.23: SEM observation of (a) LRHA (b) HRHA at x 75 magnification level

................................................................................................................................... 70
Figure 5.1: Data obtained from lee’s disc method.......................ocoiiiiina. 63
Figure 5.2: Cost comparison of Vermitex and RHA plaster............................. 74

10


file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57985516
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57985516
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57985517
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57985517
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57985518
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57985519
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57985519
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57985520
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57985521
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57985521
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57985522
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57985523
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57985524
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57985525
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57985525
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57985526
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57985527
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57985528
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57985529
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57985530
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57985531
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57985532
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57985532
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57985533
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57985534
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57985534
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57985535
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57985536
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57985536
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57979040
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57979041

Figure 6.1: The system boundary of the LCA study of eight mortar mix design.....78
Figure 6.2: Impact of climate change ..., 79

Figure 6.3: Impact of the ozone depletion..............ocoiiiiiiiiiiii, 80

Figure 7.1: Test setup: (a) test house construction; (b) location of thermocouples;

AN (C) TESE SBEUD . .. vttt ittt et 84
Figure 7.2: Outside and inside wall surface temperatures..................cccoeevenn.n. 85
Figure 7.3: Wall heat fIUXeS...... ..., 86
Figure 8.1: CFRP sheets with cement block ..., 74
Figure 8.2: CFRP blocks with plaster .................cccoiiiiiiiiiieeeeeeeen.... 88
Figure 8.3: Specimens with thermocouples...............ooiiiiiiiiiiiiii, 88
Figure 8.4: Testing SEtUP.....ouviet i 89
Figure 8.5: Temperature variation of furnace...................cooeviiiiiiiiiiinn.. 89
Figure 8.6: Temperature variation withtime.....................ocoiiiiiie. 90
Figure 8.7: Concrete cylinder........ ..o 90
Figure 8.8: Concrete cylinder wrapped with CFRP layer............................... 91
Figure 8.9: Concrete cylinder with CFRP wrapped with RHA plaster................ 91

11


file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57979079
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57979080
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57979081
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57979047
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57979047
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57979048
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57979049
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57979068
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57979068
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57979069
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57979070
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57979071
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57979072
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57979073
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57979074
file:///C:/Users/thaya/Desktop/personal%20-%20Copy/With%20correction.docx%23_Toc57979075

List of Tables

Table 2.1: Physical properties of RHA [28]-[31] ....cccvvoeiiiiiiiiiiciieeeeeeees 24
Table 2.2: Specific surface area of RHA in different condition [32] ...........ccccvvnee.n. 25
Table 2.3: Variation of slump with different replacement levels of RHA [2] .......... 27
Table 2.4: Variation of compressive strength for different mix design with the
development OF 8geS [8] .. vcvereiireiiriri e 29
Table 2.5: Thermal conductivity value of insulation material mixed with cement
(L4104 = PP PP R PRSP 30
Table 3.1: Required specimens for test...........covviiiiiiiiii e, 38
Table 3.2: Mix proportion of mortars containing different RHA replacement. ........ 39

Table 4.1: Raw material properties...........ccoovviiiiiiiiii e AT

Table 4.2: Comparison of chemical components...............ccoooeiiiiiiiiiininn. 47
Table 4.3: Thermal conduCtivity ValIUES ...........ccooiiiiiiiiicee e 52
Table 4.4: Raw material PrOPertieS ........ccooeieririiirinieee e 59
Table 4.5: Raw materials chemical cCOmpPOSItioN...........cceviiieiieie s, 59
Table 4.6: Thermal conductivity values of samples..........ccccooeveiiiiiiiicie e, 65
Table 4.7: Comparison of average partiCle Size .........ccooevieieiiiinisesie e 68
Table 4.8: Chemical composition of materialS...........ccoceoviiiiiiinie, 69
Table 5.1: Mix proportion of mortars containing different RHA replacement 72
Table 5.2: Properties of the sample with super plasticizer ............cccccvvveviiiciiennenn, 73
Table 5.3:Market prices of materialS............cccooveviiiiiii i, 74
Table 5.4: Bill of QUANTITIES ........eoiieecieceee e 74
Table 5.5: Comparison between Vermitex and Agro mortar at 25 °C.........ccccceevenee, 76
Table 6.1: Mix design of the mortars replaced with various amount of RHA 78
Table 6.2: The results of Environmental impact ............cccccoeveiieii e, 82

Table 7.1: Heat flux for daily cycles and total energy consumption at peak hour...87
Table 8.1: Test results OF StUAY........c.ooeiiiii e, 92

12



