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Abstract—Self compacting concrete recently developed condep

which the ingredients of the concrete mix are propaioned in

such a way that it can flow under its own weight t@ompletely fill

the form work and passes through congested reinfoemnent
without segregation and self consolidate without anmechanical
vibration. In the present investigation M45 grade 6 SCC were
developed using BIS method of mix design. To justifthe fresh
properties of the thus developed concrete slump flo test,Tsocm

test, J ring test, V funnel test, L box test and filbox test were
conducted and fresh properties are checked as per BRARC

specifications. The standard sizes of 24 numbers afubes,24
numbers of cylinders, and 24 numbers of beams west with
and without confinement to determine the mechanicaproperties

viz. compressive strength, split tensile strengtiflexural strength

and Modulus of Elasticity respectively. It is obsered that the
confinement of the concrete has increased the 28ydastrength
from 20 percent to 41.1 percent for different percetages of
confinements and It peak stress and correspondingdrain at peak

stress increases with increase in percentage of dmements. Two
analytical models were proposed to study the stresstrain

behavior of SCC under different confinements, It isobserved
that model based on L.S.Hsu and C.T.T.Hsu equation iclosely
agreeing with experimental results.

Key words: Self compacting concrete, Admixture, Confinement,
Mix design, stress strain behavior

l. INTRODUCTION

Self compacting concrete (SCC) is a very speciatmte by
its inherent characteristics like self compactapikegregation
resistance, flowability and improved performancewedver
the basic property of weakness in tension remairise
concept of fibre reinforcement in SCC was introadlde
improve its strength, toughness,

resistance to cracking there by further improvitsgdurability
and enhancement of energy. Various fibres were dilesl,
glass, polypropylene etc were tried by many reseascand
results have been reported indicating enhancementhé
performance characteristics of the SCC. The presemties
are aimed to study the mechanical
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behavior of Self Compacting Concrete (SCC) undealax
compression with and without confinement of staddgnade

i.e., M45. The properties of strength, stress-stizhavior,
toughness index, energy absorption were studied and
analytical models were developed for the stressrstr
behavior of confined SCC and unconfined SCC of gddade
based on the experimental investigation.

II. EXPERIMENTAL PROGRAMME

The first phase of experimental programme M45 grag@e
and FRSCC were developed to satisfy EFNARC
guidelines. The specimens were cast with and withou
confinements in the form of standard sizes of cubgénders
and beams under different percentages of confinembnthe
second phase tests were conducted for the mechanica
properties.

Analytical Programme: Using the stress-strain results under
axial compression for different levels of confinarhe
mathematical models are developed and compared.
Materials Used Ordinary Portland cement of 53 grade
(ultratech) confirming to IS: 4031 was used in the
investigations. Fine aggregate is natural and obthifrom
local market confirming to Zone-lll and coarse aggte is
obtained from local crushing plant, Robo siliconeKaragutta,
Hyderabad confirming to gradations given by IS: @38as
used. Fly ash of Type-ll from Vijayawada Thermalweo
Station, Andhra Pradesh confirming to IS: 3812 wased.
Super plasticizer is used as Gillenium B233 andosgy
modifying agent used as Sika stabilizer in develgpthe
SCC. Steel fibres of 6mm diameter and with a aspsa of

50 were used in developing FRSCC. Different triakes
were investigated in the laboratory and the mihvidlowing
constituents, as shown in Table 1 and 2, was afrateand
used in the further investigation.
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Table 1: Details of M45 grade concrete mix

Grade | Cement| F.A C.A Fly Wat SP VMA
of kgim® | kg/in® | kg/m® | Ash | er t/m® | It/m?
concre kg/ kg/
te m3 m3
53 415 858 761 138 190 5.08 0.17
Table 2: Fresh properties of SCC
Slump T50 Y \% L U
Desig Flow Slump Funnel Funnel Box Box
natio (mm) Flow (s) at5 H2/H | (H2-
(s) Min. 1 H1)
n
(s)
SCC 730 3 7.54 12.2 0.97 1.

ratio and percentage of confinement(c) versus strairatio
for SCC are

as follows:

A stress strain curve igraph derived from
measuring load stress versus strain for a sampiteabérials.
In concrete the rate of increase of stress is tleas that of
increase in strain because of formation of micracks
between the interfaces of aggregate and cemene.pabke
stress strain behavior of concrete is prime parenas it is a
very much important aspect in designing, predictithg
flexural behavior and estimating toughness of cetacr

A complete stress strain curve is neeaeddtional
design and analysis of concrete structure espgd@lldesign
of concrete stress that build in severe environmesed

Specimen Preparation and Testing Standard cubes of durable concrete because of huge amount of cotistnuc
100mm size and cylinders of 150mm diameter and 300m expenses and difficulty in concrete repairs.

length were cast for studying the compressive gtreand
stress-strain behavior of concrete. The cylindegcspens

Stress-Strain calculations for 0% steel at 28 days

were cast without any confinement and with différen Table 3. gives the cube and cylinder compressiength of

percentages of confinement in the form of hoopshasvn in
Table 3. The specimens cast were cured for 28 aiagtested
as per BIS specifications. The cylinder specimeasewested
in 1000kN strain control Universal Testing Machinader
0.02mm/s strain rate.

lll. DISCUSSION AND TEST RESULTS

Table 3 shows the cube and cylinder compressiengthn of
M45 grade concrete without fibres and with fibresder
different confinements. FRSCC was made with a fitmeage
of 31.42 kg/m3 as steel fibres. The fibre indexaoted for
FRSCC is 0.124.

Table 3: SCC with difet Steel
confinement and mechanical properties
Volum Cube C%)r/:”llmrjee;si
S.N | Design e of Type of | compressiv vz
. Confin | confineme| e strength
o] ation Strength
ement nt (MPa) (MPa)
0,
(%) At 28 days At 28 days
1 FRSCC 0 6 Hoops 63.22 61.68
FRSCC| 0.562 6 Hoops 66.16
FRSCC 0.827 6 Hoops| 68.48
FRSCC| 1.091 6 Hoops| 69.68

IV. STRESS-STRAIN BEHAVIOUR OF SELF
COMPACTING CONCRETE

Based on the experimental data and Fig, the relatnship
obtained between percentage confinement versus st

the design mix at different ages. The final mixtoadinder
specimens are tested at 28 days under strain toftre rate
of strain is 0.02mm per second the deformation mveasured
at every 20KN intervals. The model readings alonith w
stress-strain calculations for zero percentagd ste28 days
were given in Table 4The stress-strain curve and normalized
stress-strain curve for zero percentage confinemvastshown
in fig 2 and 3 respectively. The peak stress 9858 N/mm2
and the strain at peak stress is 0.002.The maxirstiain
0.0023 is noted at 0.5 times of the peak stress. clive of
the figure is smooth and uniform in the ascendiag put it
has a sharp fall in descending portion.

Table 4: Stress-Strain calculations for 0% steelte28 days

SL.N STRAIN STRESS | NORMA | NORMA
0. LIZED LIZED
SRAIN SRESS
1 0.000006 1.137 0.003 0.0322
2 0.000029 2.2636 0.0145 0.064
3 0.000044 3.395 0.022 0.096
4 0.000059 4.527 0.029 0.129
5 0.000075 5.658 0.037 0.161
6 0.000102 6.790 0.051 0.193
7 0.000123 7.922 0.061 0.225
8 0.000142 9.054 0.071 0.258
9 0.000164 10.18 0.082 0.290
10 0.000193 11.31 0.096 0.322
11 0.000205 12.44 0.102 0.354
12 0.000225 13.58 0.112 0.387
13 0.000278 14.71 0.139 0.419
14 0.000312 15.84 0.156 0.451
15 0.000338 16.97 0.169 0.483
16 0.000377 18.10 0.188 0.516
17 0.000392 19.24 0.196 0.548
18 0.000420 20.37 0.210 0.580




International Journal of Ethics in Engineering & Management Education
Website: www.ijeee.in (ISSN: 2348-4748, Volume 1sdue 3, March 2014)

19 0.000445 21.50 0.222 0.612
20 0.000475 22.63 0.237 0.645
21 0.00048 23.76 0.24 0.677
22 0.000505 24.89 0.253 0.709
23 0.000555 26.03 0.277 0.742
24 0.000605 27.16 0.302 0.774
25 0.000699 28.29 0.349 0.806
26 0.000795 29.425 0.397 0.838
27 0.0009 30.557 0.45 0.870
28 0.0010078 31.689 0.503 0.903
29 0.0011145 32.821 0.557 0.935
30 0.00134 33.953 0.67 0.967
31 0.002 35.084 1 1

32 0.0021 28.294 1.05 0.806
33 0.0023 20.371 1.15 0.580

Stress-Strain calculations for 0.562% steel at 28ays

The stress-strain curve and normalized stressisttave for
0.562% confinement was shown in figure 4&5 respetyi

The peak stress is 44.98 N/mm2 and the strainalt gkeess is
0.0027.The maximum strain is 0.0042 is noted attithgs of
the peak stress. The comparison of analytical naetiod
experimental results of normalized stress-strairvectdor the
cylinders with 0.562% steel at 28 days are showfigimre 6.

Stress-Strain calculations for 0.827% steel at 28ays

The stress-strain curves and normaliggdss-strain
curves for 0.827 % confinement was shown in fig8&9
respectively. The peak stress is 49.425 N/mm2 hadstrain
at peak stress is 0.003795.The maximum strain(853. is
noted at 0.5 times of the peak stress. The congrared
analytical method and experimental results of ndized
stress-strain curve for the cylinders with 0.8278%ekat 28
days are shown in figure 10

Stress-Strain calculations 1.091% steel at 28 days

The stress-strain curves and normalized stress-

strain curves for 1.091 % confinement was showifigare
13&14 respectively. The peak stress is 53.294 N/ram® the

strain at peak stress is 0.00315.The maximum stigin

25.6 respectively for 0.562, 0.827, 1.091, peramntaf
confinement steel compare with 0% confinement steel

:
f—

130 mm

1091 of e
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0.00519 is noted at 0.5 times of the peak stred®e T

comparison of analytical method and experimentalilte of
normalized stress-strain curve for the cylinderthwli.091%
steel at 28 days are shown in figure 15

The figure 16 shows the comparison of experimenta’l3

results for the cylinders with different percentagef
confinement steel at 28 days.
compressive strength and strain at peak stressadses with
increase in percentage of confinement steel. Theep&age in
strength is increased 29.04, 32.26, and 35.5 résphcfor
0.562, 0.827, and 1.091 percentage of confinenteet.sThe
percentage in strain is increased at peak stre28.8 23.3,

The figure shows th

V. NON DIMENSIONAL STRESS STRAIN CURVES

An examination of the stress strain cuinvdicates
that the behavior is similar for all the specimerihe
imilarity leads to the conclusion that there idyoanique
shape of the stress strain diagram, if expressed imon
gimensional form along both the axes. The said foam be
obtained by dividing the stress at any level bykpsteess and
the strain will have the same point at the peadsstrBy non-
dimensionalising the stress and strain as abovebéhavior
can be represented as a general behavior.

10
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The stress strain diagrams obtained were normalized

for further investigation. The stress- strain cgr@btained
experimentally for SCC were normalized as speciibdve
and normalized stress-strain values were calculated

An analytical equation has been fit for the noraedi
stress strain diagram of fly ash concrete. The ldpeel stress
strain curves were fitted with an analytical equatiising L.S
Hsu and C.T.T Hsu model.

x=¢g/ &g
n, B are material parameters
Wherep = 1/ 1- [fJ/ (Eit*gg )]
E;; = Initial Tangent modulus
€ = Strain corresponding to peak stress.
f.= stress
f'.= peak stress of concrete
The value off depends on the shape of the stress
strain curve, n depends on strength of materjgag the strain
at 0.3f. in the descending portion of the stress-straineur

The following conditions should be considered while

proposing the equations to represent the stresainstr
relationship.

1) The equation(s) should compare favorably with thé
experimental data

2) The Ascending and Descending branches of thessstr
strain curve should be implied, and the equationsulsl

represent both the ascending and descending baéhae

curve

3) The mathematical form should be simple in ford aasily
usable in analysis

The developed equation is in the form of:
n=npx?/ (np— 1+ X*) 0<x<1 (Ascending
Portion)
n=npx/(np +x"*)
( Descending Portion)
Where 1 = normalized stress
x= normalized strain
n="fJ/f
x=¢g/ €0
The following boundary conditions are used
1) At (/o) =0.0, (f/g) =0.0
2) At origin (df )/ (de) =
Where f . is concrete stress and; Hs Initial Tangent
Modulus.
3) At the point of Maximum stress  dY/dX =0
(dfydf ')/ (de/ deg) = 0
Y = Normalized Stress.
x = Normalized Strain.
A, B = Constants in ascending portion.
A', B' = Constants in descending portion.

1<x<xy

VI. MATHEMATICAL CALCULATION HSU MODEL

Various empirical stress-strain relationships for
concrete have been studied and the empirical equbat L.T
Hsu and C.T.T Hsu has been used which is given as

n=npx/(Np—1+X) O<x<x
n = normalized stress
x= normalized strain

n="fJf'

Where

11

Calculation of g

For the cylinder with 0.562% of steel
f'. = 44.98 N/mrh
E; = 5700/44.98 = 38228.26 MPa
€0 = 0.0027
B=1/1-[44.98/ (38228.26*0.0027)
For the cylinder with 0.827% of steel
f'c = 49.425 N/mrh
E; = 5700/49.425 = 40072.662 MPa
g = 0.00379
B =1/1-[49.425/ (40072.662*0.00379) =1.482

=1.772

For the cylinder with 1.091 % of steel
f'.=53.294 N/mm
E; = 5700/53.294 = 41611.56 MPa
g0 = 0.00315
B =1/ 1- [53.294/ (41611.56*0.00315)] = 1.685
For plain cylinder i.e. cylinder with 0% of steel
f'. = 35.084 N/mm
E; = 5700/35.084 = 33762.096 MPa
g0 = 0.0020
B =1/ 1- [35.084/(33762.096*0.002) =2.081

Table 8: Material Parameter f§

% of Steel P(?\lallr(nrsnztr)ess B (Material Parameter
0 35.084 2.081
0.562 44.98 1.685
0.827 49.425 1.482
1.091 53.294 1.772
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Based on the data obtained from the stress-strain

curves the following empirical equations for theess-strain
curves has been developed from the empirical eguati
developed by L.S Hsu and C.T.T Hsu.

For ascending portion of the curve
n=npx/ (- 1+ X%) - (1)
Here n =1 for ascending portion.

a, b depend on the confinement. For descendingppasf the
curve

n=npx/(MB-1+xX") - (2)

n depends on the stress strain curve.
experiments we have arrived at the values for afoib
cylinders with different confinements

Table 9: Values of a, b for different confinements

% of steel

(p) 0 0.562 0.827 1.091
A 0.5 1.05 0.95 1.2
B 0.1 0.95 1.05 0.83

For the Descending portion the equation has been

proposed but value of n depends on confinement evhakies

are shown in below table below.

Table 10: Values of n for different confinements

% of Equation (Ascending Equation (Descending

portion) portion)

=2.081 7Y (1.511+

0 nl 8o ( n = 7.532 x/ (6.532+ %9
b

steel

n=11.165 x/ (10.165+

n = 1.685%%% (1.03+ X% 11109
s

0.562

n =1.482 X% (1.027+
XZ.lZ%

n=1.772 ¥7 (0.952+ %)

0.827 n=9.121 x/ (8.121+%?)

1.091 N =9.174 x/ (8.174+%™)

CARREIRA AND CHU'S MODEL: The model proposed by
carriera and chu is a general form of stress-stcaive as

Based on the stress strain values obtained from thrgpresented by the following equation:

For ascending portion of the curve
fo=f'c{Beleo) { B -1+ (eeo) " }]
For descending portion of the curve

f o= f'o{K 1B(eleo) YK 1B -1+ (eleo) "' }] Where K
and K are correction factors

K= (50/fp)?
= (50/ 1) °
Where a, b are cantt

Table 12: Values of a, b for different confinements

% of steel (p) Value of n
0 3
0.562 5.5
0.827 4.5
1.091 4.7

0,

% of steel 0.562 0.827 1.091
()
A 3.5 1.2 9.5
B 8.5

Table 14: Values of correction factors for diffeent

confinements

The equations for the Ascending and Descendin
portion of the stress-strain curves for differenhfinements
are
Table 11: Stress-Strain Equations

% of steel
0.562 0.827 1.091
J (p)
Ki 1.5828 1.0187 0.4327
Ko 3.0503 1.1318 0.8383

12

Wherep is a material parameter that depends on the dfape
the stress-strain diagram.
It is given by .
B = 1/[1-{ fc eoEi}]
Where,
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f'. = Ultimate compressive strength.
gy = Strain at ultimate.
i+ = Initial Tangent Modulus

Calculation of B

For the cylinder with 0.562% of steel
f'c=44.98 N/mm
E; = 5700/44.98 = 38228.26 MPa
g = 0.0027
B =1/1-[44.98/ (38228.26*0.0027) =1.772
For the cylinder with 0.827% of steel
f'. = 49.425 N/mrh
Eq = 5700049.425 = 40072.662 MPa
€0 = 0.00379
B =1/1-[49.425/ (40072.662*0.00379) =1.482
For the cylinder with 1.091 % of steel
f'c = 53.294 N/mrh
Eq = 5700/53.294 = 41611.56 Mpa
g = 0.00315

B =1/ 1- [53.294/ (41611.56*0.00315)]

=1.685

For plain cylinder i.e. cylinder with 0% of steel
f'. = 35.084 N/mrh
Eq = 5700/35.084 = 33762.096 MPa
g = 0.0020
B =1/1-[35.084/(33762.096*0.002) = 2.081

Table 15: Material Parameter

SO el e
0 35.084 2.081
0.562 44.98 1.685
0.827 49.425 1.482
1.091 53.294 1.772

The equations for the Ascending and Descendingguodf
the stress-strain curves for different confinememngs

Table 16: Stress-Strain Equations

% of Equation (Ascending| Equation (Descendin
steel portion) portion)
0 F. =90.92X/ fo =190.54X/
(1.511+X%°1h (2.814+X1%9
F. =89.01X/ fo =140.89X/
0.562
' (1.03+X2%) (2.213+X01%3
Fe =99.79X/ fo =101.65X/
0.827
' (1.027+X:0%% (1.065+X2%
1.091 F. =106.6X/ fo =46.12X/
' (0.952+X-9%3 (0.1554+X%-5%9

13

VII. COMPARISON GRAPHS OF BOTH THE MODELS
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Fig 2: Stress Strain relationship of Ms grade concrete
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at 28 days
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10 CONCLUSIONS
g 08 Studies have been carried out on behavior of SQG wi
2 06 —e— EXPERIMENTAL and without confinement under axial compressione Th
Q . . . .
2 —#— ANALYTICAL(Hsu) parameters studied include compressive strengthuyifhl
£ 04 strength test and comparison of stress-strain ledlons
z / RN of SCC with and without confinement. Based on tlel\s
02 conducted the following conclusions are drawn.
0-000 o5 o e 2o » Confinement of concrete has increased the streragth8
' ‘ ; 'd o ‘ days from 21.1% to 50.78%.
Normalised strain > The ascending portion of the stress-strain curvmase

Fig 14: Comparison of analytical and experimental sess strain curves linear and steeper_ as the c;ompresswe Strengtbaﬂer
for the cylinder with 1.091% steel at 28 days > For the descending portion of stress-strain cuthe,

deviation between the analytical and experimenslies
become large and large as the concrete strengtbaises
in Carriera and Chu model. So this model does not
adequately represent the descending portion ottinee

> An increase in volume of transverse reinforcement
directly improves both the strength and ductility o
confined SCC. The increase in strength was founbeto
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5].

6].

(71

8.
9.

24% at 0.827% volume of transverse steel and 42% afl4]. L. Lam and J.G. Teng Stress—strain model for FRFioed concrete

1.091% volume of transverse steel for circularisast
The ductility i.e. the ratio of the strain at pestkess of

confined concrete to the strain at peak stress o

corresponding unconfined concrete, varied from 2©%

51% for 0.827% to 1.091% of volumetric ratio for [16}

circular specimen.
Circular sections with circular hoops as confinetrame

more effective than square sections with rectilinea
confinement. The percentage increase in strength w
42% and 30% for circular sections and square s&ctio

respectively at 1.091% volume of transverse steel
The percentage increase in ductility was 51% ard #&
circular sections and square sections respectiatly

1.091% volume of transverse steel. So, to have same

percentages increase in ductility square sectieqsire
more volumetric ratio of transverse steel than utinc
sections
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