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ABSTRACT 

 

MECHANICAL PROPERTIES OF  

SELF COMPACTING CONCRETE USING FLY ASH 

 

 

The purposes of this study were 1) to analyze the effect of fly ash on the 

mechanical properties of self compacting concrete; and 2) to determine the 

optimum fly ash content as cement replacement in improving mechanical 

properties on self compacting concrete at 28 days. 

This research was conducted in laboratory of Muhammadiyah University 

Surakarta. Primary and secondary data collection techniques were used in this 

research experiment. Primary data was collected directly form laboratory 

experiments. All the data was recorded on a daily basis until the research is 

completed. The researcher collected the data from the result of self-compacting 

concrete and compare to other standards to get the level of compressive strength 

and tensile strength. Self- Compacting  Concrete  is  characterized  by  filling  

ability,  passing  ability  and  resistance  tosegregation. Mechanical properties of 

self-compacting concrete modified with 0%, 15% and 35% Fly ash as cement 

replacement were studied. The main goal were to analyses mechanical properties 

(compressive strength, flexural strength and modulus of elasticity) of self-

compacting concrete mix and to determine the optimum amount for Fly Ash 

replacement for improved mechanical properties.  

From the study results can be concluded that 1) the Slump Flow test 

results were increasing as the amount of Fly Ash increased within the allowable 

ranges of 500-700 mm in accordance to ASTM standard; 2) the compressive 

strength and modulus of elasticity measurement values decreased as the amount of 

fly ash increased from 0 to 35% whereas; and 3) the value for improved 

mechanical property of flexural strength was found at 15% Fly ash content. 

 

Keyword: fly ash, Self-Compacting  Concrete  

 

 



vii 
 

ACKNOWLEDMENT 

 

First and foremost, want thank Allah I would like to express my sincere 

thanks and appreciation to my father and mother, and academic supercusors of Dr. 

Mohammad Solikin and Yenny Nurchasanah, ST, MT who continously guided me 

throughout every step of my study and generously shared their time and 

knowledge with me. 

My special thanks must be extended to technical staf members 

postgraduated program of Civil Engineering Muhammadiyah University of 

Surakarta. Millions words of thanks for fellow friends who showed the concern 

and support all the way. Unfortunately, it is not possible to list all of them in this 

limited space. 

 



viii 
 

TABLE OF CONTENT 

 

TITLE ....................................................................................................................  i 

APPROVAL ..........................................................................................................  ii 

NOTE OF SUPERVISOR I ..................................................................................  iii 

NOTE OF SUPERVISOR II .................................................................................  iv 

THESIS STATEMENT OF AUTHENTICITY ....................................................  v 

ABSTRACT ..........................................................................................................  vi 

ACKNOWLEDMENT ..........................................................................................  vii 

TABLE OF CONTENT ........................................................................................  viii 

LIST OF TABLES ................................................................................................  xi 

TABLE OF FIGURES ..........................................................................................  xii 

CHAPTER I  INTRODUCTION ..................................................................  1 

 1.1  Background .....................................................................  1 

 1.2  Problem Statement ..........................................................  3 

 1.3  Research Objectives ........................................................  3 

 1.4  Research Scope ...............................................................  4 

 1.5 Benefit of Research .........................................................  4 

CHAPTER II LITERATURE REVIEW AND BASIC THEORY ...............  6 

 2.1. Literature review .............................................................  6 

  2.1.1 The Development of Self-Compacting Concrete ...  6 

  2.1.2 Mineral Admixtures ...............................................  10 

  2.1.3 Fly Ash ...................................................................  10 



ix 
 

  2.1.4 Superplasticizer ......................................................  14 

 2.2 Basic Theory ...................................................................  15 

  2.2.1 Self-Compacting Cencrete (SCC) ..........................  15 

  2.2.2. Compressive Strength ...........................................  18 

  2.2.3. Modulus of Elasticity ............................................  18 

  2.2.4.Flexural Strength ....................................................  19 

CHAPTER III RESEARCH METHOD .........................................................  21 

 3.1 Location ...........................................................................  21 

 3.2 Parameters and Variables ................................................  21 

 3.3 Data Type ........................................................................  21  

 3.4 Data Collection ................................................................  22 

 3.5 Materials  for  Self Compacting Concrete (SCC) ...........  22 

  3.5.1 Portland Cement .....................................................  22 

  3.5.2 Aggregates ..............................................................  23 

  3.5.3 Class F Fly Ash ......................................................  24 

  3.5.4  Super-Plasticizer ....................................................  24 

  3.5.5  Water .....................................................................  25 

 3.6  Mix Design (ACI 211-9 Absolute Volume Method) ......  25 

  3.6.1 Slump Flow test ......................................................  27 

 3.7 Analysis ...........................................................................  29 

  3.7.1 Compressive Strength Test ...........................................  29 

  3.7.2. Flexural strength testing ........................................  30 

  3.7.3. Modulus of elasticity .............................................  31 



x 
 

 3.8  Data Analysis ..........................................................................  32 

 3.9  Flow Chart .......................................................................  33 

CHAPTER IV RESULT AND DISCUSSION ...............................................  34 

 4.1  Introduction .....................................................................  34 

 4.2  Materials Preparation ......................................................  34 

CHAPTER V CONCLUSION AND SUGGESTION ..................................  52 

 5.1 Conclusion .......................................................................  52 

 5.2 Suggestion .......................................................................  52 

REFERENCES ......................................................................................................  53 

APPENDIX 

 



xi 
 

LIST OF TABLE 

 

Table 3.1  Fly ash variables ............................................................................  21 

Table 3.2  Aggregate Gradation .....................................................................  23 

Table 3.3.  Mix design .....................................................................................  26 

Table 3.4.  Mix ratio for 30 Mpa .....................................................................  26 

Table 3.5  Concrete Mix Proportion ...............................................................  27 

Table 3.6  Recommended Limits for Different Properties .............................  27 

Table 4.1 Test results for coarse aggregate ...................................................  35 

Table 4.2  Fine aggregate test results .............................................................  35 

Table 4.3 Coarse aggregate gradation specification for mix SCC ................  36 

Table 4.4  Fine Aggregates Gradation ............................................................  37 

Table 4.5 Slump flow test result ....................................................................  39 

Table 4.7 Compressive strength measured at 28 days ...................................  41 

Table 4.8  Modulus of Elasticity (MOE) at 28 days as ASTM C 469............  44 

Table 4.9 Flexural Strength (Kg/cm2 or MPa) at 28 days.............................  46 

Table 4.10 Relationship between Flexural strength and Compressive 

Strength..........................................................................................  49 

Table 4.11  Comparison of Compressive strength with relation to 

properties at 28 days ......................................................................  50 

 

 



xii 
 

LIST OF FIGURES 

 

Figure 2.1  Small pipes used as obstacles in formwork ...................................  7 

Figure 2.2  Effect of superplasticizer on viscosity ...........................................  8 

Figure 2.3  Materials used in regular concrete and self-compacting 

concrete by absolute volume .........................................................  16 

Figure 3.1  The compressive strength test’s tool .............................................  29 

Figure 3.2  Flow chart of research ...................................................................  33 

Figure 4.1 Coarse aggregate gradation ...........................................................  36 

Figure 4.2  Fine aggregate sieve gradation as in accordance to ASTM C 

127 and 128 ...................................................................................  38 

Figure 4.3  The Slump flow diameter test measurement .................................  39 

Figure 4.4 Slump flow result ..........................................................................  40 

Figure 4.5 Compressive strength testing .........................................................  41 

Figure 4.6  Compressive strength test result of SCC with different 

percent Fly Ash..............................................................................  42 

Figure 4.7 Modulus of elasticity .....................................................................  43 

Figure 4.8  Modulus of elasticity test result of SCC with different 

percent Fly Ash..............................................................................  45 

Figure 4.9 Flexural strength test beam bar test 3 point pivot..........................  46 

Figure 4.10 Flexural strength test result of SCC with different percent 

Fly Ash ..........................................................................................  47 

Figure 4.11 Relationship between compressive strength and Flexural 

strength at 28 days .........................................................................  49 



xiii 
 

APPENDIX LIST 

 

Appendix A Sieve Analysis of Coarse Agregate and Fine Agregat ..................  57 

Appendix B Slump Flow Test............................................................................  60 

 Table B-1  Slump Flow Test Result ...........................................  61 

 Figure B-1 Slump flow result .....................................................  61 

Appendix C Compressive Strength Test ............................................................  62 

 Table C-1   Compressive strength measured at 28 days .............  66 

 Figure C-1  Compressive strength ...............................................  66 

Appendix D Modulus of Elasticity Test.............................................................  67 

 Table D-1  Modulus of Elasticity Test Result ............................  68 

 Figure D-1  Modulus of elasticity test result of SCC with 

different percent Fly Ash..........................................  68 

Appendix E Flexural Strength Test ...................................................................  69 

 Table E-1 Flexural Strength at 28 days .....................................  73 

 Figure E-1  Flexural strength test result of SCC with 

different percent Fly Ash..........................................  73 

Appendix F Picture of the Test from the Laboratory  .......................................  74 

 Figure F-1  Sieve Analysis of Course Aggregate ........................  75 

 Figure F-2  Sieve Analysis of Fine Aggregate ............................  75 

 Figure F-3  Sieve Analysis of Fine Aggregate ............................  75 

 Figure F-4  Slump Flow Test ......................................................  76 

 Figure F-5  Compressive Strength Test ......................................  77 

 Figure F-6  Modulus of Elasticity Test  ......................................  78 

 Figure F-7 Flexural Strength Test  .............................................  79 


