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ABSTRACT

Self compacting concrete flows into formwork and around obstructions under its own
weight to fill it completely and self compact (without any need for vibration), without
any segregation and blocking. The elimination of the need for compaction leads to
better quality concrete and substantial improvement of working conditions. The
current study revolves around self compacting concrete made out of locally available

material.

The objectives of this research were obtaining proper mix designs for grade 50
concrete using rice husk ash and evaluating the fresh and the hardened concrete

properties of the mix designs.

In the first stage, ten different self compacting concrete mix compositions were made
by using ten percentage of rice husk ash with respect to total weight of cement and
obtained mixsdesigns|ta. satisfy, the iconsistency, workability, passing and filling
ability. In the “second!stage, 1 harden: concrete ) propetties were evaluated for the

particular mix-design.

In this dissertation, experimental details of several trial mixes and attempts taken to
satisfy the fresh concrete properties for grade-50 self compacting concrete are
presented. The attempts taken to investigate the hardened concrete properties have
shown for one trial mix. Cost analysis showed that the cost of ingredients of SCC-02

self compacting concrete mix with rice husk ash is 22.70% more than the SCC-00 self

_co‘mpacting concrete mix with fly ash.

iii




ACKNOWLEDGEMENT

I wish to express my sincere gratitude to my research supervisor Dr.K.Baskaran,
Senior Lecturer, Department of Civil Engineering, University of Moratuwa, Sri Lanka
for his guidance, suggestions and continuous support throughout my research work. 1

greatly appreciate all the support that he has given to me on this research.

I extend my sincere gratitude to thank the Head, Department of Civil Engineering,
University of Moratuwa, Sri Lanka for allowing me to use the laboratory facilities and
the resources available at the university, for successful completion of my research

project.

I wish to thank the Finco (Pvt) Ltd for providing Glenium C320 and the detailed

information for this research work.

I would like to take this opportunity to convey my sincere gratitude to Mr. T. S.
Prashanthan (Student, Graduate Diploma, City & Guilds), Mr. L.Perera (Lab
Assistantl-Building Materials..Laboratony)...and . MrdH.NiFemando (Lab Assistant-
Structural Testing Laboratory) for the-assistance given iome in numerous ways

throughout this:period.

My special appreciation goes to my wife and my parents, whose love and care have
brought me to this level. Their substantial encouragements and support have helped

me to succeed in finishing my programme here at University of Moratuwa.

v




LAPSEEN

TABLE OF CONTENTS

Chapter-1: Introduction. ... ..o
1.1 General Introduction. .. .....oeviiiii e e

1.2 Research ObJectiVes. ..o.oiiieiiii i

1.3 ReSearch SCOPE. . ..ieuiiii i

1.4 Outline of the Report.........coooiiiiiiiiii R
Chapter-2: Literature RevieW..........coooiiiiiiiiiii e
2.1 General IntroduCtion. . ......ovitiiitii i
2.2 Self Compacting Concrete COmposition. . .........ooeviviiiiiiiiiin
221 Cement. ... R

2.2.2 ABDICOAtesi. . . o it e s s o 8 T e s e

52.2.3 IV Pty N T T KLU St T Or T A CIGSAOY. |, eeeernenes
2.23.1FlyAsh................. e

2232 Rice Husk Ash.....oooooiiii

2.2.4 Chemical Admlxtures
2.2.4.1 Super Plasticizers..........ocoiiiiiii i,

2.2.4.2 Viscosity Modifying Admixtures.............cccoeeeee

2.3 Properties of Fresh Self Compacting Concrete.............o.vinnnen
2.3.1 Slump Flow Test.....oovviniiii e

2.3 2 V-Funnel Test.....cooviiriiiiiii i

2.3 3 L-BOX TSttt

2.3.4 Sieve Stability Test.. ..o,

2.3.5 J-RING TSt et

05

06

07

08

08

11

14

14

17

19




2.4 Acceptance Criterions for Self Compacting Concrete....................... 24
2.5 Properties of Hardened Self Compacting Concrete ................cceeeetn. 27
2.5.1 Compressive Strength............oooiii 28
2.5.2 Tensile Strength..........covviviiiiiie . 28
2.5.3 Modulus of Elasticity of SCC.......c.covvviiiiniiiiiicccennen. 29
2.5.4 Sorptivity 0Of SCC...oooiiiiiiiiie e, 29
2.5.5 Shrinkage......c.oviiniii 30
2.6 Applications and Examples of Self Compacting Concrete................... 31
2.6.1 Applications of SCC MiXeS..........coccevvvveniniiiiniinninn 31
2.6.2 Examples of SCC MIXeS. ... .eovveeveieeeeoseseeeeeimisiisnninnnn 32

Chapter-3: Expérimental-Procedures.tvrbn Oo WLonL LA UL 35
3.1 Genérai INtroduCtion. .. ..vi e 35

3.2 Materials. ..ot 35

33 Characferistics of Materials.........coooviiiiiiiii 36

331 ClImMENL . . ittt et e e 36

3.3.2 Fine AgEIegate.....coovuiriiiiiiiii i 36

3.3.3 Coarse AZEregate. .. .oovuinineniiaieeeniiiiinininininiinennnnn 37

324 Rice Husk ASh...covivniiii 38

3. 2.5 WAt it 38

3.2.6 Glenium C320. ... it 38

3.4 Batching Procedure..................oo ‘.‘. e 38

3.5 Concrete Mix Design........oocoveeiiiiniinan.. \ e 39
vi




3.5.1 Mix Design for Grade SO SCC........oooiiiiiiiiiiiiiii,

3.5.2 Mix Design for Grade 50 SCC with Fly Ash.....................

39

40

42

3.6 Evaluating Fresh Concrete Properties of SCC...........oooiiiii

3.6.1 Slump Flow Test...cocoviiiiii e
3.6.2 V-FUNNel T est. . oot eerereraeeee e

3.6.3 L-BOX TeSt. it e

3.7 Evaluating Hardened Concrete Properties of SCC.............ooo

3.7.1 Compressive Strength..........cocoooiiiiiii

3.7.2 Tensile Strength........ccovitiiiiiiiii s

Chapter-4: Analysis and Discussion ofResults.................................‘
4.1 General Introduction..............coooviiiiiiiiiinnna.. e

4.2 EREEG onéretd Propfiies!1COCS. 04 LISSCTIANONS ...

4.2.1 Classification of Mixes according to the

European Guidelines for Self Compacting

Concrete (2005)

4.2.2 Application of Mixes according to the

European Guidelines for Self Compacting

Concrete (2005). .. .vuinii i

4.3 Hardened Concrete Properties...........oooovviiiiiiiiiiin..
4.3.1 Compressive Strength..............ooo.

4.3.2 Tensile Strength.............oooii

4.4 Cost ANalySiS.........oooiiiiiiiiiiiii

vii

42

43

44

45

46

47

48

48

48

50




Chapter-5: Conclusions and Recommendations...................cocoiiiiininn.

... 56

5.1 General IntroducCtion.........ooveuiiiiii i 56
5.2 CONCIUSIONS. ...ttt ittt e e e e 56
5.2 Recommendations for Future Works..............cooiiiiinn 59
R O OIS . ..ttt ittt s 60
Appendices........ e e s 68
Appendix-A: Physical Properties of Materials......................oceen. 69
Appendix-B: Compressive Strength Results...................cocoiiin. 76
Appendix-C: Splitting Tensile Strength Results ............................ 81
Appendix-D: Fresh Concrete Properties with Fly Ash .......................... 82
\
viii




Figure 2.1:
Figure 2.2:
Figure 2.3:
Figure 3.1:
Figure 3.2:
Figure 3.3:
Figure 3.4:
Figure 3.5:
Figure 3.6:
Figure 3.7:
Figure 4.1:

Figure 4.2:

LIST OF FIGURES

Slump-FIow Apparatus............ccoovuiiiiiiiiiiiiiniie s 20
V-Funnel Apparatus..........ccooooiiiiiiiiiiiiiiii s 21
L-BOX APPAratusS....c..oeveuiruiiiiiiiititi it 22
Sieve Analysis result for Sand.............cooveviiiiiiniiiii. 36
Sieve Analysis result for 10 mm Aggregate................cooovevnieeeinnn. 37
Shlump-Flow Apparatus.............ccceeeiiiniiniiiiinriemnnn 43
V-Funnel Apparatis..........o.eeeeriniiiiiiiiiiiiinn e 44
L-BOX APPAratus.......c.ouviuiiuiiiiiiiiie i 45
Compressive Strength Test1ng46
Sphitting Tensile Strength 3757, [£0 1T NSRRI o B JUege. N ORI ¥
Compressive Strength gaining Pattern for SCC Grade-50....................53
Splitting Tensile Strength gaining Pattern for SCC Grade-50............... 54

.

X




LIST OF TABLES

Table 2.1: Common Test Methods to assess Fresh Properties of SCC

according to the European Guidelines for Self Compacting

Conerete (2005) .. niiiiie e
Table 2.2: Acceptance Criteria for SCC according to the Specification and

Guidelines for Self Compacting Concrete (2002)........cocoiiiiiiiiiiiiinnn.
Table 2.3: Classification used in the Specification of SCC according to the

European Guidelines for Self Compacting Concrete (2005) .......cccccenennee.
Table 2.4: Conformity Criteria for the Properties of SCC according to the

European Guidelines for Self Compacting Concrete (2005)
Table 2.5: Praperties pf,SCC forjvarioustypes of Application based on

Walraven! 2003 according to the European Guidelines for Self

Compacting Concrete (2005)................. e,
Table 2.6: Examples of SCC Mixes in Japan according to the High Fluidity

Concrete Construction Guideline (1999)..........cooiiiiiiiiiiiiieee,
Table 2.7: Examples of SCC Mixes in United States according to the

Interim Guidelines for the use of Self Compacting Concrete in

Precast, Prestressed Concrete Institute Member Plants (2002)...................
Table 2.8: Examples of SCC Mixes in Europe according to the SCC

Production System for Civil Engineering (2002) .....ccccovveinenienenienencnnens
Table 3.1: Mix Design for Grade-50 SCCwith RHA................
Table 3.2: Mix Design for Grade-50 SCC with Fly Ash ...........ccoooiiinininenns

\
Table 3.3: Trial Mixes of SCC with RHA for Grade-50 Concrete..........ocoveeene...

19

24

25

26

27

32

33

34

39

40

4]




Table 4.1: Fresh Concrete Properties of Trial Mixes for Grade-50 Concrete with Rice

HUSK ASDL .ottt st
Table 4.2: Classification of Trial Mixes according to Table 2.2...............c.ccee
Table 4.3: Application of Trial Mixes according to Table 2.4..................cccoie.
Table 4.4: Comparison of the Cost Analysis............cooooiiiiiiiiiiii
Table 5.1: Application-Ramps............cooviiiiiiiiiiie
Table 5.2: Application-Tall and Slender Structures. ...
Table 5.3: Wallsand Piles..........cooooiiii
Table 5.4: Ramps, Wallsand Piles.................oo
Table A.1: Sieve Analysis for the Fine Aggregate...............ooooiiiiiiiiinnn,
Table A.2: Sieye Analysis for the Coarse Aggregate ...............oooiiiiiviiiniininn,
Table B.1: Gemipressive:Strength (Gube) ToDays)iquerfaii s e e errerreeemssnes
Table B.2: Cor;lpressive Strength (Cube) 28-Days ......c.ccovviiiiiiiiiiiniieieen,
Table B.3: Compressive Strength (Cylinder) 28-Days .............coooiiiiiii
Table B.4: Compressive Strength (Cube) - Different Ages..............cooieiin
Table C.1: Splitting Tensile Strength — Different AZES.. it

Table D.1: Fresh Concrete Properties of Trial Mixes for Grade — 50

Concrete With F1y Ash........ooiiiiiiiiiiieeee e

x1i

50

52

55

57

57

58

58

69

70

77

78

79

80

81

............... 82




LIST OF ABBREVIATIONS

BS . British Standard
FA : Fly Ash
HRWR : High Range Water Reducing Admixture
LFA . Lignite Fly Ash
OPC . Ordinary Portland Cement
RHA : Rice Husk Ash
SCC . Self Compacting Concrete
SF1 : Slump Flow - Class-1
SF2 . Slump Flow - Class-2
SF3 : Slump Flow - Class-3
- SLS : Sri Lankan Standard

SP . Super Plasticizers
T-LFA = [reated Lignite Ely+Ash
U-LFA . Untreated Lignite Fly Ash
VMA . Viscosity Modifying Admixtures
VF1 . Viscosity Flow - Class-1
VF2 . Viscosity Flow - Class-2

. VS1 : Viscosity - Class-1
VS2 : Viscosity-- Class-2

. Ww/C : Water to Cement Ratio
W/P : Water to Powder Ratio

X1i




