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ABSTRACT: Self compacting concrete (SCC) is the new category of high performance concrete characterized by its ability to spread and self consolidate in the formwork exhibiting any significant separation of constituents. The elimination of vibration for compacting concrete during placing through the use of Self Compacting Concrete leads to substantial advantages related to better homogeneity, enhancement of working environment and improvement in the productivity by increasing the speed of construction  .The water/powder ratio remains as essential descriptive statistic for today’s increasingly complex Self Compacting Concrete (SCC) mixtures. A sample of 200 SCC mixtures of various materials and proportions were fitted with linear regression models of 28 and 90 days to the water/cementitious materials or water/powder ratio. It was learned that w/p provides a stronger indication of strength by observing the improvement in compressive strength values at   28 and 90 days.  This is because of delayed  pozzolanic activity   Fly ash  available in  the powder content . From this  we conclude that  the w/p becomes a better indication of strength. 
In addition to highly pozzolanic nature ,  Fly ash available in powder  helps in refinement of the pore structure of the concrete. This leads to better performance of Concrete. Water demand of Self Compacting Concrete is high compared to the Concrete of same strength of Ordinary Concrete. This is attributed to the higher fineness of Fly Ash. Thus, net water-powder ratio in turn affects its relation with Compressive Strength of Concrete. This Demands a retrospection of well-known Abram’s Water-Cement ratio relation. With this view, as part of an ongoing research program, an investigation was taken up to study the relationship between Water-Powder ratio and Compressive Strength of Self Compacting Concrete.
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INTRODUCTION

The Water-Powder ratio is recognized as the most important variable in achieving Self Compacting Concrete. It was established that elevated strength gain is possible with a low w/p ratio. The relationship between the w/cm and strength was first recognized in high performance concrete and then extended to SCC. But Concrete Technology is changing and advancing at a rapid pace and old rules need to be examined again. It needs to be demonstrated of this traditional variable continue to provide useful information for today’s SCC mixture now designed with increasing complexity and a broad variety of cementitious materials, aggregates and chemical admixtures. SCC mixtures often contain supplementary cementitious materials as partial replacement of cement. To account for supplementary cementitious materials, the w/cm logically replaced the w/p ratio. 
Literature Review:

Okamura(1) proposed a mix design method for SCC based on paste and mortar studies for superplasticizer compatibility followed by trail mixes. However, it is emphasized that the need to test the final product for passing ability, filling ability, and flow and segregation resistance is more relevant . Manu santhanam and Subramanyam (2) discussed the existing research about various aspects of self-compacting concrete , including materials and mixture design , test methods , construction-related issues, and properties.  They summarized that Self-Compacting Concrete is a recent development that shows potential for future applications. It meets the demands places by requirements of speed and quality in construction. Jagadish Vengala Sudarsan, M.S., and Ranganath, R.V (3) found that use of fine fly ash for obtaining Self compacting concrete resulted in an increase of the 28 day Compressive Strength Concrete by about 38%. Self compacting concrete was achieved when volume of paste was between 0.43 and 0.45.Subramanian and Chattopadhyay (4) described the results of trails carried out to arrive at an approximate mix proportioning of Self compacting concrete. Self Compatibility was achieved for Water to Powder ratio ranging from 0.9 to 1.1 when Coarse Aggregate and Sand content were restricted to 46 % and 40% of the mortar volume respectively.Seshasayi .V.A and Sudhakar. M (5) studied  the relationship between water-cementitious materials ratio and compressive strength of silica fume concrete.     Based on the their experimental investigation the  following conclusions are drawn. The silica fume used in this investigation exhibits good pozzolanic properties and can be used in the production of high strength concrete.The relation between compressive strength (MPa) and water-cementitious materials ratio of silica fume concrete with nine percent replacement of by silica fume can be expressed as:fc (MPa) = 179.51/{14.8w/(c.m)} Alternately, the water-comentitious material ratio can be expressed in terms of compressive strength (MPa) for silica fume concrete as    w/(c.m) = 12.19/{fc0.83}

EXPERIMENTAL PROGRAMME

· To derive  a relation between water-powder ratio and Compressive Strength of Self Compacting Concrete mixes with various  w/p ratios ranging from  0.24 to 0.40 at 28 days and 90 days.
· To derive  a relation between water-cement ratio and Compressive Strength of ordinary concrete with varying  w/c ratios ranging from  0.27 to 0.55at 28 days.
EXPERIMENTAL INVESTIGATIONS

Materials

Cement

Ordinary Portland cement of 53 grades available in local market is used in the investigation. The Cement used has been tested for various proportions as per IS 4031-1988 and found to be confirming to various specifications of are 12269-1987.The specific gravity was 2.96 and fineness was 3200cm2/gm.

Coarse Aggregate

Crushed angular granite metal of 10 mm size from a local source was used as coarse aggregate. The specific gravity of 2.65 and fineness modulus 6.05 was used. 

Fine Aggregate

River sand was used as fine aggregate. The specific gravity of 2.55 and fineness modulus 2.77 was used in the investigation. 
Viscosity Modifying Agent

A Viscosity modified admixture for Rheodynamic Concrete which is colourless free flowing liquid and having Specific of gravity 1.01+0.01 @ 250C and pH value as 8+1 and Chloride Content nil was used as Viscosity Modifying Agent.
Admixture

 The Modified Polycarboxylated Ether based Super Plasticizer which is Brown Color and free flowing liquid and having Relative density 1.08+0.01 and pH value as 7+ 1 and Chloride Content nil was used was  Super Plasticizer .

Fly Ash

Type-II fly ash from Vijayawada Thermal Power Station , Andhra Pradesh was used as cement replacement material. The properties  fly ash are confirming to I.S. 3812 – 1981of Indian Standard Specification for Fly Ash for use as Pozzolana and Admixture. 
Super Plasticizer:

Sulphonated Naphthalene Polymers a high range water reducing agent conforming to 9103-1999 was used in the present studies for ordinary concrete. 

TEST SPECIMENS:

Test specimens consist of 150X150X150 mm cubes were casted using different concrete mixes as given in Table No.1.0 and 2.0. These specimens were tested as per IS 516 and 1199.

DISCUSSION OF TEST RESULTS

Workability

Table No 3.0 provides a summary of the properties of the Self Compacted Concrete mixes in the fresh state. As it is evident, the basic requirements of high flowability and segregation resistance as specified by guidelines on Self Compacted Concrete by EFNARC are satisfied. The workability values are maintained by adding suitable quantities of superplasticizers. 
The workability of the Ordinary Concrete mixes were measured using compaction apparatus as per IS 5515 and IS 1199 .From the Table 4.0 we can observe  that a medium workability was maintained for almost all the mixes by addition suitable quantities of super plasticizer

COMPRESSIVE STRENGTH AND WATER – POWDER RATIO

The Compressive Strength values  are   observed  to be decreasing  as the water-powder ratio increased from 0.24 to 0.40 for Self Compacting Concrete mixes . For ordinary concrete , the Compressive Strength values are  observed  to be decreasing  as the water-cement  ratio increased from and  0.27 to 0.55.  Fig 1.0 gives the  relation between Compressive Strength and water-powder ratio for both Self Compacted Concrete at 28 days,90 days and  Ordinary Concrete at 28 days . Fig. 2 gives  the relationship between the compressive strength and water / cementitious materials ratio ( 30 % replacement fly ash) as suggested by R.K Dhir (6), University of Dundee for  Fly Ash Concrete  . The fundamental nature of Self Compacting Concrete, Ordinary Concrete and Fly Ash Concrete as suggested by R.K Dhir (6), University of Dundee are same.
     The regression analysis data predict that w/c  ratio  found to be more useful in predicting the strength at 28 days for Ordinary Concrete mixes. Still w/p ratio is found to be more useful than w/c  ratio at 28 days and 90 days for Self Compacting Concrete mixes. These results can be explained by the delayed pozzolanic activity of supplementary powder.  Initially, cement hydration and the resulting calcium silicate hydrate is the principal source of strength in concrete. But as time progresses, the influence of supplementary powder (Fly Ash) becomes noticeable. Largely pozzolanic in composition, supplementary cementitious materials convert weak calcium hydroxide released by cement hydration into calcium silicate hydrate.
EQUATIONS FOR COMPRESSIVE STRENGTH - W/P RATIO FOR SELF COMPACTING CONCRETE AND COMPRESSIVE STRENGTH - W/C RATIO  FOR ORDINARY CONCRETE 

Mathematical equations were obtained expressing Compressive Strength in terms of water-powder ratio for Self Compacting Concrete and water –cement ratio for  Ordinary Concrete. 
For Self Compacting Concrete, Compressive Strength at 28 days  fc = 228.8/139.59 w/p

For Self Compacting Concrete, Compressive Strength at 90 days  fc = 201.86/55.31 w/p
For Ordinary Concrete, Compressive Strength at 28 days fc = 102.32/4.43 w/c

It can be seen that in both self compacting concrete and ordinary concrete, equation for compressive strength is of the form   fc   =  a / ( b w / p )    Where fc = Cube Compressive Strength in MPa   a & b are constants and  w/p = water-powder ratio.

These relations are similar to that of Duff Abrams relating compressive strength and water cement ratio.

Water-Powder ratio of Self Compacting Concrete at 28 days w/p  = 0.608/1.013fc

Water-Powder ratio of Self Compacting Concrete at 90 days w/p  = 0.6855/1.013fc

Water-Cement ratio of Ordinary Concrete at 28 days w/c  = 1.8366/1.027fc

CONCLUSIONS:

1. The relation between Compressive Strength and water-powder ratio of Self  Compacting Concrete at 28 days can be expressed as fc = 228.8/139.59 w/p.
2. The relation between Compressive Strength and water-powder ratio of Self  Compacting Concrete at 90 days can be  expressed as fc = 201.86/55.31w/p.
3.    The relation between Compressive Strength and water-cement ratio of Ordinary Concrete can be 
        expressed   as fc = 102.32/4.43 w/c.
4.   The Water – Powder ratio can be expressed in terms of Compressive Strength for Self Compacting Concrete   

       at   28 days  as w/p  = 0.608/1.013fc.
3. The water – powder ratio can be expressed in terms of Compressive Strength for Self Compacting Concrete  at 90 days as w/p  = 0.6855/1.013fc .

6.     The water-cement ratio is found to be more predominant at early ages but the regression analysis data 

         conclude that the water-powder ratio is useful in predicting the strength at 28, 90 days.

4. The water – cement ratio can be expressed in terms of Compressive Strength for Ordinary Concrete as

        w/c  = 1.8366/1.027fc .
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Table 1.0 Mix Proportions for Ordinary Concrete

	Mix

Designation
	w/ c
	Cement (kgs)
	Fine

Aggregate (kgs)
	Coarse

Aggregate (kgs)
	Water (Kg/m3)
	SP

(kg/m3)

	OC 1
	0.55
	320
	684
	1079
	178
	----

	OC 2
	0.53
	335
	670
	1080
	178
	----

	OC 3
	0.50
	350
	657
	1081
	178
	----

	OC 4
	0.48
	370
	634
	1088
	178
	0.738

	OC 5
	0.46
	388
	612
	1096
	178
	0.774

	OC 6
	0.44
	404
	640
	1053
	178
	0.810

	OC 7
	0.42
	425
	568
	1110
	178
	0.849

	OC 8


	0.40


	445


	562


	1099
	178
	0.888



	OC 9
	0.38
	470
	524
	1118
	178
	1.565

	OC 10
	0.36
	2472
	517
	1129
	178
	1.650

	OC 11
	0.34
	524
	494
	1104
	178
	1.750

	OC 12
	0.32
	556
	477
	1092
	178
	1.850

	OC 13
	0.30
	593
	460
	1077
	178
	1.980

	OC 14
	0.27
	659
	436
	1047
	178
	2.640


Table 2.0 Mix Proportions for Self Compacted Concrete 
	Grade of

Concrete
	Cement

(Kg/m3)
	Fly ash

(Kg/m3)
	Coarse

Aggregate

(kg/m3)
	Fine aggregate

(Kg/m3)
	Water

(Kg/m3)
	W/ P
	SP 

(kg/m3)
	V.M.A

(Kg/m3)

	SCC1
	225
	225
	865
	898
	179
	0.40
	4.50
	0.315

	SCC2
	231
	231
	862
	864
	175
	0.37
	4.62
	0.370

	SCC3
	258
	258
	835
	836
	176
	0.34
	5.16
	0.413

	SCC4
	330
	220
	826
	827
	176
	0.32
	5.50
	0.440

	SCC5
	360
	240
	797
	796
	180
	0.30
	6.00
	0.480

	SCC6
	360
	240
	812
	813
	168
	0.28
	6.00
	0.480

	SCC7
	400
	250
	785
	785
	172
	0.26
	9.75
	0.460

	SCC8
	450
	250
	760
	760
	174
	0.24
	11.20
	0.490


Table 3.0 Rheological properties of various grades of self compacting concrete mixes
	
	M 30
	M 35
	M 40
	M 45
	M 50
	M 55
	M 60
	M 65
	Permissible limits as per (Ref 7.0)
Efnarc Guidelines



	
	
	
	
	
	
	
	
	
	Min
	Max

	V-Funnel
	10 sec
	10 sec
	5 sec
	8 sec
	10 sec
	8 sec
	8 sec
	8 sec
	6 sec
	12 sec

	Abrams slump

flow
	660mm
	660mm
	700mm
	680mm
	660mm
	680mm
	720mm
	700mm
	650mm
	800mm

	T 50cm slump

 Flow


	5 sec
	3 sec
	2 sec
	4 sec
	5 sec
	2 sec
	3sec
	3 sec
	2 sec
	5 sec

	L-Box
	H2/H1
	0.85
	0.82
	0.90
	0.82
	0.8
	0.85
	0.88
	0.84
	0 .82
	1.0

	
	T 20
	1sec
	2 sec
	2 sec
	2 sec
	2sec
	2 sec
	2 sec
	2 sec
	1sec
	2 sec

	
	T40
	2 sec
	3 sec
	3 sec
	3sec
	3 sec
	3 sec
	3 sec
	2sec
	2sec
	3sec

	V-Funnel 

at T 5 min
	12 sec
	11 sec
	11 sec
	14 sec
	12 sec
	13sec
	14 sec
	14 sec
	11 sec
	15 sec


Table No 4.0 Workability of Ordinary Concrete

	w/c
	Workability

	0.55
	0.93

	0.53
	0.92

	0.50
	0.91

	0.48
	0.88

	0.46
	0.90

	0.44
	0.89

	0.42
	0.86

	0.40
	0.87

	0.38
	0.85

	0.36
	0.84

	0.34
	0.85

	0.32
	0.83

	0.30
	0.84

	0.27
	0.84


              Table 5.0.  Compressive Strength Vs Water –Powder Ratio of Self Compacting Concrete

	W/P Ratio
	Self Compacted Concrete

	
	28 days
	90 days

	0.40
	33.94
	40.38

	0.37
	38.90
	45.90

	0.34
	41.21
	49.03

	0.32
	45.95
	54.22

	0.30
	53.00
	61.48

	0.28
	56.00
	65.70

	0.26
	61.64
	71.50

	0.24
	66.29
	77.55


Table 6.0 Compressive Strength Vs Water-Cement Ratio of Ordinary Concrete (  28 days)

	W/C Ratio
	Ordinary Concrete

	0.55
	39.90

	0.53
	47.08

	0.50
	47.89

	0.48
	52.22

	0.46
	55.63

	0.44
	56.22

	0.42
	56.40

	0.40
	60.75

	0.38
	61.15

	0.36
	61.65

	0.34
	62.44

	0.32
	62.71

	0.30
	63.27

	0.27
	63.64
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