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ABSTRACT 

Self Compacting Concrete offers many advantages over conventional concrete. It is mainly used when a great 

fluidity is required (For example sections with high percentage of reinforcement). Self Compacting Concrete 

has excellent applicability for elements with complicated shapes and congested reinforcement. An experimental 

study was made on cylinders and specimens with square sections confined by lateral reinforcement to 

investigate the effectiveness of transverse steel on M 40 grade  concrete under monotonically increasing axial 

compression. The behavior of SCC cylinders confined by circular hoops and square prisms by rectilinear hoops 

with different volumetric ratios and spacing were compared under axial compression. The effects of the test 

variables such as volumetric ratio, spacing and shape of cross section on the behavior of SCC specimens are 

presented and discussed. The results revealed that the more the volume of confinement steel, more the increase 

in peak stress and deformability. Test results of this study were compared with existing confinement models of 

Saaticioglu-Razvi, Mendis, Legeron and Paultre, and Mander. The  study indicates Mander’s  model is nearer 

to the test results. 
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I. INTRODUCTION 

This Casting concrete in sections with high density reinforcement, such as those in beams and 

columns in moment resisting frames in seismic areas and to make repairs of sections, placement of 

concrete is very difficult. Having proper consolidation may require external or internal vibration that 

can be critical in sections with high percentage of reinforcement. The main features of Self 

Compacting Concrete(SCC) concern the fresh state condition ( high flowability and rheological 

stability)[1]. SCC has become more popular in the past decade and has excellent applicability for 

elements with congested reinforcement and complicated shapes.  The Compactness of the SCC 

matrix, due to the higher amount of fine and extra-fine particles, may improve interface Zone 

properties. SCC consolidates under its own weight without any mechanical vibration (consolidation). 

In seismic designs requiring heavy reinforcement using this new category of material, engineers must 

have adequate knowledge of performance of SCC under different loadings.  

Confinement effectiveness depends on variables related to the geometry of the section, reinforcement 

and stress in confining steel[2]. The use of lateral reinforcement results in increased strength and 

ductility of the confined concrete. Square specimens confined by the square ties exhibit less strength 

and ductility than cylindrical specimens. Therefore, as a part of research combined experimental and 

analytical study to discover the strength and ductility of M40 grade Self Compacting Concrete, this 

paper presents the results of concentrically loaded circular and square specimens. Most of the 

Analytical models developed for the normally vibrated concrete. An attempt has been made evaluate 

the existing stress-strain models for Self Compacting Concrete by comparing experimentally found 
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curves with the ones estimated by the various models. This paper presents the experimental 

programme which include the materials used and the testing procedure adopted, discussion on test 

results, verification of experimental results with existing models and conclusions drawn from the 

study.    

II. EXPERIMENTAL PROGRAMME  

An experimental investigation was carried out to study the stress –Strain relationship of confined M40 

grade Self Compacting Concrete. The was designed with BIS method and was modified as per 

EFNARC [3] guidelines. Table.1 shows the details of mix proportions used for the present study.  A 

total of 27 specimens with M40 grade SCC were tested in axial compression. They include 9 confined 

150mm x 300mm square specimens and 12 hoop confined 150mmx300mm circular specimens. The 

remaining 6 were prepared as 3 circular and 3 square plain (unconfined) concrete specimens to study 

the properties of unconfined concrete and to compare the confinement effectiveness of lateral 

reinforcement. The specimens were cast in total nine sets each set consisted of 3 numbers of same 

specimen either square or circular. The specimens were studied to investigate the parameters of 

confinement, including volumetric ratio and spacing of transverse reinforcement in addition to shape 

of the cross-section. Concrete cover of 10mm was provided in all the confined specimens. Fig.1 show 

the details of transverse reinforcement provided in the specimens.  

Table  1 Mix Proportions for M40 Grade Self Compacting Concrete. 

Mix Cement 

kg/m
3
 

Water  

kg/m
3 

Coarse 

Aggre-

gate 

kg/m
3
 

Sand 

Kg/m
3
 

Fly ash 

kg/m
3
 

Super-

plasticizer 

ltrs/m
3
 

Viscosity 

Modifying  

Agent 

ltrs/m
3
 

28 Days  

Cube  

Compressive 

Strength 

MPa 

1 339 191 800 710 165 4 0.2 49.15 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1.  Arrangement of circular hoops 

2.1 Material properties 

M40 Self Compacting Concrete design mix was used in the study. The materials consisted of 53 grade 

Ordinary Portland Cement confirming to IS 12269-1987(Reaffirmed 1999), natural river sand belongs 

to zone II and crushed stone coarse aggregate of maximum size 20 mm confirming to IS 383- 1970, 

Type II fly ash obtained from Vijayawada thermal Power station confirming to IS: 3812, potable 

water for mixing and curing, super plasticizer admixtures (SP) and viscosity modifying agent (VMA) 

with satisfy the adequate fresh properties of SCC. To obtain the desired fresh properties and strength, 

several trial mixes were made and then the final mix proportion was determined after satisfying fresh 

and hardened properties. The mix satisfied the EFNARC guidelines. Table.1 shows the mix 
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proportions and 28 days cube Compressive Strength. The properties of unconfined concrete were 

obtained by testing plain Cylindrical and Square specimens. Mild steel of grade 250 MPa  with a 6mm 

diameter was used as lateral reinforcement.   

2.2 Testing Procedure 

The axial displacement of the specimens was recorded over a gauge length of 200mm using two dial 

gauges were attached on the two opposite faces of the specimen. The experimental setup is shown in 

Fig.2. The specimens were loaded in 1000 kN capacity strain controlled universal testing machine. 

The monotonic concentric compression was applied at a very slow strain rate. The load was applied 

from zero to failure. The time taken to complete each test ranged from 30 minutes to 50 minutes 

depending on the degree of confinement.  

 

 

 

 

 

 

 

 

 

 

                              

                          

                        
Figure 2. Experimental Set up 

 

III. TEST RESULTS AND DISCUSSION 

All specimens behaved in a similar manner initially and exhibited relatively linear load deformation 

behavior in the ascending part. The plain SCC specimens had a brittle failure with very few readings 

could be taken in the descending portion. The behavior of confined specimens was comparatively 

ductile and complex unlike plain unconfined specimens. The specimens were characterized 

sequentially by the development of surface cracks cover spalling and crushing of core concrete. The 

specimens were analysed to obtain the Stress-Strain curves of confined concrete. Table 2 shows the 

summary of test results. for various specimens. Fig.3 gives the appearance of specimens after the test. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3.  Appearance of circular specimen after failure. 
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Table 2: Test Results 

Designation Shape of 

the 

specimen 

Volume of 

transverse 

reinforce-

ment  % 

Peak 

Stress 

MPa 

fcc 

Ratio of 

confined Peak  

Stress to 

unconfined 

peak stress  

 

Strain at Peak 

Stress  

mm/mm 

εcc 

Ratio of Strain 

at confined Peak  

Stress to strain 

at unconfined 

peak stress  

 

M400R Circular 0.000 36.16 ----- 0.00215 ----- 

M403R4 Circular 0.912 45.20 1.250 0.00260 1.209 

M404R4 Circular 1.216 47.62 1.317 0.00280 1.302 

M405R4 Circular 1.520 49.56 1.370 0.00301 1.400 

M406R4 Circular 1.824 51.33 1.419 0.00324 1.507 

M400RP Square 0.000 34.69 ----- 0.00203 ------ 

M404R4P Square 1.216 40.22 1.159 0.00254 1.251 

M405R4P Square 1.520 42.56 1.227 0.00274 1.359 

M406R4P Square 1.824 45.09 1.300 0.00296 1.458 

 

3.1 Volumetric ratio and spacing of transverse steel 

The transverse confinement pressure exerted on the concrete core is directly related to the quantity of 

transverse steel[4].  Fig.4 shows the behavior of confined concrete by the volumetric ratio of the 

transverse steel. The strength enhancement 25%, 31%, 37%, and 42%, respectively for volumetric 

ratio of transverse steel 0.912%, 1.216%, 1.520%, and 1.824%. There is an increase in ductility. The 

ratio of the strain at peak stress of confined concrete to the strain at the peak stress of corresponding 

unconfined concrete, which is an indicator of ductility, varied from 21% to 51% .   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4.  Stress strain curves for various volumetric ratios of confinement. 

 

3.2 Section Geometry: 

The specimens of each matched pair have similar concrete strength and volumetric ratios of lateral 

steel.  It is clear from the Fig.5 circular sections with circular hoops as confinement are more effective 

than square sections with rectilinear confinement as evidenced by the marginal increase in strength 

and ductility from square to circular sections [5]. The maximum increase in confined strength 42% 

and 51% increase in ductility was noticed for circular sections, whereas it was noticed that 30% and 

46% respectively in square sections at 1.824% confinement. Therefore to have same percentages 
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increase in strength and ductility square sections require more volumetric ratio of transverse steel than 

circular sections. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5.  Effect of section geometry with various confinement ratios. 

IV. VERIFICATION OF EXPERIMENTAL RESULTS WITH PREVIOUS MODELS 

4.1 Mander (1988) 

Mander [6]  proposed the stress-strain model as one curve.  This model applied the concept of 

effective confined area to find out effective lateral confinement pressure from the effective 

confinement coefficient. Coefficient of effective confinement is the ratio of effectively confined area 

to core area. The Mander model predicts stress in the ascending portion and descending portions 

comparatively well. 

4.2 Saaticioglu-Razvi model (1999) 

Saaticioglu and Razvi [7] proposed a model for confined  normal and high strength concrete, using 

their own test results and as well as the results of other researchers. The parameters included in the 

model were type, volumetric ratio, spacing, yield strength and arrangement of transverse 

reinforcement, strength of concrete and section geometry. It is proposed two part Stress-Strain model, 

parabolic in the ascending branch up to peak and a linear descending branch up to 20 % of the peak 

stress. 

4.3 Mendis(2000) 

The model suggested by Mendis [8] has a parabolic ascending portion, a linear descending portion 

and a horizontal residual stress part. The equation proposed is in the form given by Kent and Park 

(1971). This model referred to as the modified Scott model, is based on the Scott model (1982) 

suggested for NSC. The Scott model was based on adjusting the value of softening slope parameter 

(Zm), the residual stress parameter (R) and the strain at maximum stress of unconfined concrete (εc). 

The level of confinement and lower dilation of HSC is reflected through a parameter known as 

Confinement index (K).  

4.4 Legeron and Paultre (2003) 

Cusson and Paultre [9] proposed a stress –strain model where in the stress in confining steel would be 

calculated by an iterative approach.  Later it was modified by Legeron and Paultre which considers a 

direct approach. Legeron and Paultre [10]  proposed stress-Strain confinement model for normal and 

high strength concretes based on the test results of square, rectangular and circular columns tested by 
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themselves and other researchers. The model incorporates almost all the parameters of confinement. 

The stress-Strain relationship was same as proposed by cusson and Paultre, but the parameters of the 

model were re calibrated on the basis of large number of test data. 

To investigate the relative performance of existing models(as mentioned above) for SCC the stress 

strain curves of present test results were compared with  the various existing models.  Fig.6 to Fig.11 

illustrate the comparisons of the experimental and predicted stress strain curves. Almost all the 

models are able to estimate correctly the ascending part of stress strain curve. But, there are wide 

variations in the descending portion of the stress strain curve. The comparisons for circular sections 

indicate Mander slightly over estimate the peak strength, while the other three under estimate the peak 

strength. Legeron and Paultre and Razvi over estimate the strain at peak stress and Mendis under 

estimate the strain at peak stress. A review of the  above models indicate Mendis, Legeron and 

paultre, Saaticioglu and Razvi under estimate the test curves. Though the Mander model slightly over 

estimate the peak stress closely follows the experimental stress strain curves for most of the 

specimens. Therefore, it can be concluded that Mander model can be employed to predict the uni axial 

response of M40 SCC circular specimens with reasonable degree of accuracy. 

 

 
 

Figure 6.  Comparison of Confined axial stress – strain curves for 0.912% confined circular specimen 

 

 
 

Figure 7.  Comparison of Confined axial stress – strain curves for 1.216% confined circular specimen 
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Figure 8.  Comparison of Confined axial stress – strain curves for 1.520% confined circular specimen 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 
Figure 9.  Comparison of Confined axial stress – strain curves for 1.824% confined circular specimen 

 

 

 
 

 

 

 

 

 

 

 

 

 

  

 

 
Figure 10.  Measured Peak stress to Predicted Peak Stress with Various models 
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Figure 11.  Measured Strain at Peak stress to Predicted Strain at Peak Stress with Various models 

V. CONCLUSIONS 

This paper presets the results of confined circular and square M40 grade SCC specimens subjected to 

axial compression. A comparative study of existing stress-strain models for normal strength concrete 

is also reported. The following conclusions are derived based on the experimental results. 

1. An increase in volume of transverse reinforcement directly improves both the strength and ductility 

of confined SCC. The increase in strength was found to be 24% at 0.912% volume of transverse steel 

and 42% at 1.824% volume of transverse steel for circular sections.  

2. The ductility i.e. the ratio of the strain at peak stress of confined concrete to the strain at peak stress 

of corresponding unconfined concrete, varied from 21% to 51% for 0.912% to 1.824% of  volumetric 

ratio for circular specimen. 

3. Circular sections with circular hoops as confinement are more effective than square sections with 

rectilinear confinement. The percentage increase in strength was 42% and 30% for circular sections 

and square sections respectively at 1.824% volume of transverse steel.  

4. The percentage increase in ductility was 51% and 46% for circular sections and square sections 

respectively at 1.824% volume of transverse steel. So, to have same percentages increase in ductility 

square sections require more volumetric ratio of transverse steel than circular sections.  

5. From the studies on the applicability of various existing models to predict the actual experimental 

behavior,  it is concluded that almost all the models are able to estimate correctly the ascending part of 

stress strain curve. But, there are vide variations in the descending portion of the stress strain curve. 

From the present study it is concluded that the Mander model can be used to predict the uniaxial 

response of confined M40 SCC specimens with reasonable accuracy. 

ACKNOWLEDGEMENT 

The authors would like to thank The Department of Civil Engg., JNTUH College of Engineering for 

providing the lab facility to carry out this work.  

REFERENCES 

[1]. Okamura, H., and Ozawa, k., (1995) “Mix design of self-compacting concrete”, Concrete library of 

JSCE, 25, pp. 107-120  

[2]. Han, B. S., Shin, S. W., and Bahn B.Y., (2006) “Confinement effects of High-Strength Reinforced 

concrete tied Columns”, International Journal of Concrete Structures and Materials, Vol.18, No.2E, pp. 

133-142. 

[3]. The European Guidelines (EFNARC) for Self Compacting Concrete, Specifications, Production and 

Use – May 2005. 



International Journal of Advances in Engineering & Technology, Nov. 2012. 

©IJAET                                                                                                          ISSN: 2231-1963 

193 Vol. 5, Issue 1, pp. 185-193  

 

[4]. Mander, J.B., Priestly, M.J.N.,and Park, R., (1988) “Theoretical Stress Strain model for confined 

concrete”, ASCE Journal of Structural Engineering, , Vol.114, No.8, pp. 1804-1826. 

[5]. Razvi, S. and Saaticioglu, M., (1994), “Strength and deformability of confined high strength columns”, 

ACI Journal, Vol. 91, No.6, pp 678-687. 

[6]. Mendis, P., Pendyala, R., Setunge, S., (    ) “Stress strain model to predict full range moment curvature 

behavior of high strength concrete sections”, Magazine of Concrete Research, 52(4), pp. 227-234. 

[7]. Cusson, D., and Paultre, P., (1995) “Stress–strain model for confined high strength concrete”, ASCE 

Journal of Structural Engineering, 1995, Vol.121, No.3, pp.468-477. 

[8]. Legeron, F., and Paultre,P., (2003) “Uniaxial confinement model for normal and high strength concrete 

columns”, ASCE Journal of Structural Engineering, 2003, Vol.29, No.2, pp. 241-252. 

[9]. Sharma, U. K., Bhargava, P., Kaushik, S. K.,(    ) “Stress-Strain model for spiral confined fibre 

reinforced high strength concrete columns”, The Indian Concrete Journal, May 2009, pp. 45-55. 

[10]. Chandrasekhar, M., Seshagirirao, M. V., Janardhana, M., (2011) “Studies on stress-strain behavior of 

SFRSCC and GFRSCC under axial compression”, International Journal of Earth Sciences and 

Engineering, ISSN 0974-5904, Vol.4, No.6 SPL, pp. 855-858. 

 

AUTHORS 

 

P. Srilakshmi, Specialized in Structural engineering with 13years of teaching and  20 

years of industrial experience. She is Assoc. Prof. in Civil Engineering at JNTUH 

College of Engineering, Hyderbad. She has experience in structural designs, material 

testing, Non Destructive Testing and evaluation of existing structures. Her research 

interests are Finite element analysis, analysis and design of special structures and 

bridges. Research interests include SCC and  special concretes. 

 

M. V. Seshagiri rao, Specialized in Structural Engineering and Software Engineering 

with 34 years of teaching, research and consultancy experience. He is Professor of Civil 

Engineering at JNTUH College of Engineering, Hyderabad. The interesting fields of 

research are Special concretes, High Performance Concrete, use of rice husk ash and 

high volumes of fly ash in concrete, Self Compacting Concrete, Bacterial Concrete and 

Reactive Powder Concrete. He has guided 17 Ph.D students. He has published over 136 

research papers in International and National journals and conferences.  

 

 


