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ABSTRACT: A Self-compact ing concrete(SCC)i s the one that  can  be placed in  the form 
and can go through  obstruct ion  by i ts own  weigh t and without the need of vi brat ion .  The 

present thesis report is based on water/binder ratio below 0.30 and Fly ash based SCC with silica fume. The 

presen t  invest igat ion  has been  under  taken  to invest igate the st ructure the proper ty i f SCC 

with  fl y ash  and si l ica fume using water  binder (W/b) ratio below 0.3. Several trial mixes were made 

in order to reach the suitable mix proportion so as to satisfy the criteria for making successful SCC. Test  

r esul t  include compressive strength, split tensile strength, flexural strength, ultrasonic Pulse Velocity and 
Rebound hammer values. The stress-strain curves for different mixes clearly depict that strain values for 

VMA/SCC were on the higher side as compared to strain values for Silica/SCC. Strain values for VMAJSCC 

were up to 0.0065 whereas for Silica/SCC, it was up to 0.0038. Compressive strength curve pattern shows that 

there is uniform increase of compressive strength values for VMAJSCC to that Silica/SCC. Early age 

compressive strength (at 3 days and 7 days) of Silica/SCC was found more than VMA/SCC.  

Making 7 days compressi ve st r ength consideration, Silica/SCC was found in between 23.5 to 35.6 MPa 

whereas for VMA/SCC, it was found in between 17.0 to 31.5 MPA. Th e Use of  f l y ash  and si l ica  fume 

n ormal l y r educes the en vir onmental  hazard but   makes th e con cret e econ omi ca l  as wel l .   

 

Keywords:-Compressive  strength, Flexural  strength, Spi l it  Tensile strength, Sil ica Fume, 

Fly  ash 

 

I. INTRODUCTION 
 A decade ago a  group of r esearcher s a t  the Univer si t y of Tokyo succeeded in  

devel oping a  mix that  can  be compacted in to every corner  of a  formwork,  purel y by means 

of i t s own  weigh t  and without  the need of vi bratory compact i on .  Th is innovat iv e mix is 

known as "sel f- compact ing concrete"  With  increased requiremen ts for  both  product ivi t y 

and comfor t  on  the job si te as wel l  as the per formance of the hardened concrete,  the use  

of SCC can  reduce cost l y labor ,  accel era te construct ion  t imetables,  and  enable more 

flexi bi l i t y.  In  placement  operat ions and schedul ing,  as wel l  as provide greater  flexibi l i t y 

in using and procur ing the r equired r esources,  r esul t ing in both  t ime and resource savings.  
 One of the major  chal lenges of our  presen t societ y is the protect i on  of  

environment . Some of the impor tant  elemen ts in th is r espect  are the r educt ion  of the 

consumption of energy and natural r aw mater ials.  Big at tent ion is being focused on  the 

environment  and safeguarding of natural r esources and recycl ing of was t es mater ia ls. In  

the last  20 year s,  a  lot  of work concern ing the use of several  kinds of urban  wastes in  

bui lding mater ia ls has been  publ ished.  The use  of di fferen t  waste materia ls  is showing 

prospect ive appl icat ion  in  construct ion  industry as a l ternat ive to conven t ional  materia ls. 

Such  pract ice conserves natural r esources and reduces the space r equired for  the landfi l l  

disposal  of these waste mater ia ls.  The present thesis report is based on water/binder ratio below 0.30 

and Fly ash based SCC with silica fume. Silica fume, also referred to as micro silica or condensed silica fume, is 

another material that is used as an artificial pozzolanic admixture. It is a product resulting from reduction of 

high purity quartz with coal in an electric arc furnace in the manufacture of silicon or ferrosilicon alloy. Silica 
fume rises as an oxidized vapor. It cools, condenses and is collected in cloth bags. It is further processed to 

remove impurities and to control the particle si 

    Choi  et  a l . ,  (2006) evaluated the h igh -str ength  l igh tweigh t  sel f - compact ing 

concrete (HLSCC) manufactured by Nan -Su,  of  wh ich  the main  factor  PF of i t s design  

mixing method has been  modi fied and improved. Turatsinze and Garros (2008)  

invest igated the proper t ies of a  Sel f -Compact ing Concrete (SCC) incorporating rubber  
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aggregates,  obta ined by gr inding end -of-l i fe t yres,  as a  part ia l r eplacement  for  natural 

aggregates.M. Hunger et  al . ,  (2009) exper imen ts focuses on  the dir ec t  mixing of  

microencapsula ted PCM with concrete and i ts in fluence on  the mater ia l proper t ies.Grdic 

et  a l . ,  (2010) r eveled the poten t ial usage of coar se r ecycled aggregate obta ined from 

crushed concrete for  making of sel f - compact ing concrete.  The study a lso  focused on  i ts 
ecol ogical  value and issue of the waste disposal  si tes created by the demoli t ion  of old  

st ructures.Barbhuiya (2011) studied the ut i lization  of an a lternative mater ia l ,  dolomite  

powder  for  the product ion  of SCC.  The test  r esul ts indicated th at it  i s possi ble t o 

manufacture SCC using fly ash  and dolomite powder . Dehwah (2012) investigated the mechanical 

properties of self-compacting concrete (SCC) prepared using quarry dust powder (QDP), silica fume (SF) plus 

QDP or only fly ash (FA), Experiments were conducted to assess the proportions of QDP, SF+QDP or F A 

required for producing SCC meeting the flow criteria. In this study SCC specimens were prepared and tested for 

compressive strength, pulse velocity, split tensile strength and flexural strength. The results revealed that 

compressive strength and pulse velocity in all SCC specimens increased with age. The compressive strength and 

pulse velocity of SCC specimens prepared with only QDP were more than those incorporating SF plus QDP or 

F A alone. The mechanical properties of SCC incorporating QDP (8-10%) were found to be equal to or better 

than those of SCC prepared with either SF plus QDP or F A alone.  

 

II. OBJECTIVE 
 The Object i ve of th is paper is to d etermine the cube compressi ve st r ength 

.cyl indrical  specimens for  spl i t tensile st r ength  and pr ism specimens for  flexural  str ength 

with  differen t  r at ios of cement  , fl y ash  and si l ica  fume (SCC with  Si lica)and with 

differen t  ra t io of cement  , fl y ash  and Viscosi t y Modi fying Admixture (VMA) i .e(SCC with  
VMA)at  di fferen t  ages i .e.3 days 7 da ys 28 and compar ison  with  values calcula ted from 

non -destruct ive  test ing  i .e. NDT values.  

 

III. MATERIALS  AND  METHODS 
3.1-Properties of  Material 

 In order to achieve the objectives of the present study, an experimental program was planned. The aim 

of the experiments is to study the properties of the materials used 

 

3.1.1:-Cement:- OPC-43 grade (Vikram Brand), cement was used. 

 

3.1.2:-Fly ash:-  Fly ash is a by-product of the combustion of pulverized coal in the thermal power plants.  

o Sp. Gravity of Fly ash used = 64/28.5 = 2.24 

o Sp. Surface area of Fly ash used = 3438 cm2/gm  In the experimental study, class F fly ash was used. 

 

3.1.3:-Fine aggregate:- Fine aggregate i.e. is sand of FM=2.32 was used  

 

3.1.4:- 20mm  Size of coarse aggregate:- Coarse aggregate of FM=6.92 was used 

 

3.1.5:-10 mm size of coarse aggregate:- Coarse aggregate of FM= 6.63 was used. 

3.1.6:-V.M.A.  Glenium-stream was used successfully as viscosity modifying admixture. 

    

3.1.7:-Silica Fume:- Mean Particle size between 0.1 and 0.2 micron was used Silica  

 

3.1.8:-Deciding Suitable Mix Proportions for SCC 
Initially, three different mix. proportions were chosen based on the total powder content criteria for making 

SCC.  These 3 mixes were as follows: 

Mix MI = Cement: Fly ash = 300 : 400 

Mix M2 = Cement: Flay ash = 300 : 400 

Mix M3 = Cement: Fly ash = 250 : 350 

Moreover, silica Fume was taken as 7.5% by wt. of cement.    

   Two different types of SCC were made in the laboratory keeping the w/b constant throughout the entire 

experimental work. 

The (w/b) was taken as 0.26 by weight and only the S.P./P. ratios were varied in order to get sufficient slump 

flow diameter. 

Type 1 SCC — with micro-silica • 
Type 2 SCC — without micro-silica(by using VMA) 
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Later on, two other mix proportions were selected based on the volume 

fraction of fly-ash in total binder content. 

It was around 0.60 (in between 0.59 — 0.63) 

Mix. M4 = Cement: Fly ash = 275: 370 

Mix. M5 = Cement: Fly ash = 275: 325 
To make type 2 —SCC, i.e., SCC without micro-silica or in other words VMAJSCC, Glenium-stream was used 

as a viscosity modifying admixture. 

Type —1 SCC may be described as silica/SCC and type-2 SCC may be described as VMA/SCC. 

 

3.1.9:-Tests for strength evaluation 

 The following tests were performed on the specimens of self-compacting concrete, in order to 

asses/evaluate the strength parameters of SCC. 

These tests were as follows: 

 Compressive strength test 

 Split tensile strength 

 Flexural strength 
 

The following table shows the sizes of the different specimens adopted. 

 

TABLE -1 

 

 

 

 

 

 

 

 

IV. TEST RESULTS AND DISCUSSION 
4.1:-compressive strength:- The cubes were tested on a 200 tones compression-testing machine. 

 

Result of Compressive Strength Values for Silica/SCC (in MPa) 

TABLE-2 

Sr.no Mix 

Age(d) 

M1 M2 M3 M4 M5 

  (300/350)* (300/400)* (250/350)* (275/370)* (275/325)* 

1 3 21.3 23.6 8.83 19.6 18.5 

2 7 26 35.6 23.5 33.33 31.25 

3 28 45 48 32.6 58 52 

 

Figures in bracket shows Cement/Fly Ash  ratios. 

FIG-1 

 
Fig.-1 Setup for Compressometer and Lateral Exteusometer 

 

S.no Specimen Size(used) No.of samples 

used at each age 

1 Cube 100x100 3 

2 cylinder 100x200 3 

3 Prism 100x100x500 3 
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Result of Compressive Strength Values for N
i
MA/SCC (in Ml'a) 

TABLE-3 

 

 

 

 

 

 

 

4.2:-Split Tensile Strength 

 Cylindrical specimens were placed horizontally between the loading surfaces of compression testing 

machine and the load is applied until failure of the cylinder, along vertical diameter. 

 

Result of Splitting Test for Silica/SCC (in MPa) 

Table-4 

Sr.no Mix 

Age(d) 

M1 M2 M3 M4 M5 

  (300/350)* (300/400)* (250/350)* (275/370)* (275/325)* 

1 3 1.8 1.9 0.84 1.25 1.22 

2 7 2.1 3.34 1.96 1.75 1.87 

3 28 3.45 4.03 3.18 3.2 4.15 

 

Result of Splitting Test for VMAJSCC (in MPa). 

                                                                              Table-5 

Sr.no Mix 

Age(d) 

M1 M2 M3 M4 M5 

  (300/350)* (300/400)* (250/350)* (275/370)* (275/325)* 

1 3 1.01 0.93 1.09 1.01 1.33 

2 7 1.48 1.33 1.4 1.87 2.1 

3 28 3.58 3.12 2.26 3.43 3.4 

 

4.3:- Flexural Strength 

 The flexural strength of the specimen is expressed as the modulus of rupture fπ which if 'a' equals the 

distance between the line of fracture and the nearer support, measured on the center line of the tensile side of the 

specimen, in cm, is calculated nearest to 0.05 MPa as follows: 

       

Results of the Flexural strength for Silica/SCC (in MPa) 

TABLE -6 

Sr.no Mix 

Age(d) 

M1 M2 M3 M4 M5 

  (300/350) (300/400) (250/350) (275/370) (275/325) 

1 28 7.10 6.84 6.25 7.01 8.95 

2 56 7.31 7.6 6.92 - - 

3 128 8.50 8.16 - - - 

 

Results of the flexural strength for VMA/SCC (in MPa) 

TABLE- 7 

       

Sr.no 

Mix 

Age(d) 

M1 M2 M3 M4 M5 

  (300/350) (300/400) (250/350) (275/370) (275/325) 

1 28d 6.22 6.62 4.81 6.62 7.6 

 

4.4:- Ultrasonic Pulse Velocity 
 Ultrasonic pulse velocity values were experimentally obtained for cube specimens of 

different mixes of both Silica/SCC and VMA/SCC, but only for mix M4 and Mix M5 of Silica/SCC as well as 

of VMA/SCC, UPV values were determined at 3d, 7d, 28 d and 56 days age.Moreover, U.P.V. values for mixes 

Ml, M2 and M3 were determined at the age of 28 days age. 

U.P.V. Values for VMA/SCC (in Km/Sec.) 

 

Sr.no Mix 

Age(d) 

M1 M2 M3 M4 M5 

  (300/350)* (300/400)* (250/350)* (275/370)* (275/325)* 

1 3 20.66 12.0 13.75 19.66 17.5 

2 7 28.66 17.0 17.2 31.2 31.5 

3 28 54.0 40.75 36.0 55.0 58.5 
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U.P.V. Values for Silica/SCC and for VMAJSCC (in Km/Sec.) 

TABLE-8 

S.No.  Type of 

SCC 
      Mix 

    A g e - d d =   

( d )  

 

 

       M4            M5 

1  Silica/SCC 3  3.75 3.77 

   7  3.94 4.24 

   28  4.52 4.46 

       2  VMA/SCC 3 

7 

 

 

3.89 

4.098 

4.05 

4.29 

   28  4.50 4.50 
        

4.5:-Rebound Hammer Values 
 Similar to the U.P.V. testing, which was performed for M4 and M5 mixes for 

both type of SCC at 3d, 7d, 28(1 and 56 days, Rebound Hammer values were also obtained for the same age 

period and for the same mixes. 

 

FIG-7 

 

 

Fig. 7: Graph for Comp. Strength vs. Rebound no. 
 

*PC S values stand for probable compressive strength values (in MPa) based on Rebound Number 

Rebound Hammer Values for Silica/SCC and for VMA/SCC 
TABLE- 10 

 

 

 

 

 

 

 

 

 

 

 

 

4.6:- Test Results at Fresh Stage 

 Tests at fresh stage for SCC include W/b ratio, W/p ratio (by vol.), S.P./P ratio and flow ability data 

viz, slump flow diameter (mm.), segregation index (in %age), U-box test etc. As far as flow ability data for SCC 

is concerned, it is to be noted that slump flow diameter should be more than 600 mm, segregation index value 
should be lower than 15 % and for U-box test, the filling height in both the chambers should be nearly equal. 

 

 

 

S.NO 
MiX 
Age ( d )  

Mi PCS* M2 PCS* M3 PCS* 

 (300/350) Values (300/400) Values (250/350) Values 

1 28 34 49 42 58 39 56.5 
 

Rebound Hammer values for VMA/SCC Table No. 9 

 
        

Sr.No. 

Type of SSC 
M
i

x 

                   Mix 
Age(d) 

 

.

.

x 

M4 
PCS 
   Values 

        M5  
PCS 
     Values 

1 Silica/SCC  3  30 42  _ 

31 
 43 

   7  33 47  39  57 

   28  42 58  45  63 

2 VMA/SCC  3  30 42  28  41 

   7  35 50  41  58 

   28  45 63  47  66 
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TABLE- 11 (For. Silica/SCC) 

S. No. 

 

 

Type of Mix W/b 

( C./Fly ash ratio 

ratio) (by wt.) 

W/p ratio 

(by vol.) 
S.P./P. 

ratio Slump 

flow dia. 

(mm) 

Segregation 

index U-Box 

test 

results 

1 M1 (300/350) 0.26 0.66 1% 630 4.52% . Satisfied 

2 M2 (300/400) 0.26 0.66 0.54% 625 4.87% do 

3 M3 (250/350) 0.26 0.66 2.3% 632 6.2% do 

4 M4 (275/370) 0.26 0.66 0.88% 610 4.4% do 

5 
M5 (275/3251_0.26 

0.66_ _ 2.2% 612 5.33% 
do 

Note: (Silica content was kept constant for all the mixes. It was taken as 7.5% by wt. ofcement) 

 

TABLE- 12 (For VMA/SCC) 

S. No.  Type of Mix W/b - W/p ratio        

S.P./P. 

        

Slump 
 Segregation U-Box 

  
(C./Fly ash 

ratio) 

ratio 

(by wt.) 

(by vol.)     ratio         flow 

dia. 

(mm) 

 
index test 

results 

I  M1 (300/350) 0.26 0.67 0.7% 640  7.2% Satisfied 

2  M2(300/400) 0.26 0.66 0.36% 625  11.4% do 

3  , 

M3 (250/350) 
0.26 0.66 1.6% 610  6.7% do 

4  M4 (275/370) 0.26 0.66 0.54% 622  13.96% do 

5  M5 (275/325) 0.26 0.67 1.43% 602  2.5% do 

Note: For making VMA type SCC, the same content of VMA (G. stream) was added as superplasticiscer 

Glcnium-51. 

 

V. COST 
 The concrete become economical by using silica  Fume and Fly ash in concrete mixes .The Silica fume 

and Fly ash are industrial waste they are available in market  at free of cost and transportation charges are 

involved  .it is observed that the cost of concrete decreases  with the increase in percentage of Fly ash and Silica 

fume .  

 

VI. CONCLUSION 
1. Fly ash is not only helpful as a replacement of cement, a costly material, but  also it is helpful in 

increasing the flow of concrete mix so as to fulfill the SCC criteria. 

2. If a comparison is made between the two types of SCC viz., SCC with micro-silica and SCC 

without micro-silica (using VMA), it was observed that VMA/SCC provides better surface finish as 

compared to Silica/SCC. 

3. A successful SCC mix can also be developed with w/p ratio (by volume) less than 0.8. 

4. Silica fume was found to control the segregation. 
5. Based on the experimental data obtained for Modulus of Elasticity and Poisson's ratio, it can be stated that 

these values falls on the lower side for SCC as compared to normal concrete for the similar strength. 

6. The stress-strain curves for different mixes clearly depict that strain values. for VMA/SCC were on the 

higher side as compared to strain values for Silica/SCC. Strain values for VMAJSCC were upto 0.0065 

whereas for Silica/SCC, it was upto 0.0038. 

7. Compressive strength curve pattern shows that there is uniform increase of compressive strength values for 

VMAJSCC to that Sili ca/SCC. 

8. Early age compressive strength (at 3 days and 7 days) of Silica/SCC was found more then  

VMA/SCC.  Making 7 days compressi ve st r ength consideration, Silica/SCC was found in 

between 23.5 to 35.6 MPa whereas for VMA/SCC, it was found in between 17.0 to 31.5 MPa. 

9. Th e U. P. V.  va lues wer e foun d t o ha ve good cor re la t i on  with  the  compressive strength 
values of self-compacting concrete. This fact was evident on the basis that U.P.V. values were found 

uniformly increasing as the quality of concrete increases. 

10. Rebound hammer values were not found to have good correlation with compressive strength values of self-

compacting concrete. 
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