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Abstract
In this work 4 superplasticizers were used andhenbiasis of the workability test on cement paste3R’s were selected for further
studies and to compare their effects on mortar props such as workability, compressive strengthtewreduction and tensile
strength. Two different mortar mixes (1:1.5 & 1¥#@re tested for three values of w/c ratio (0.350#&nd 0.4) for varying SP dosage
i.e. from 0.6 to 2%. This paper presents an expamtal investigation on strength aspects such aspcessive, and split tensile
strength of self compacting concrete containingaiih and workability tests (slump flowdhm V-Funnel and Jni,) are carried out.
The methodology adopted is that Portland cemeneptaced by 0%, 35% and 50% of fly ash using tvedyof superplasticizers
(SNF, PCE) and performance is measured and compared

Further Design of Self Compacting Concrete by rejplg Fly ash is proposed and the studies on freghlardened properties were
conducted. The results showed that PCE type Swgstigiker is performing better than SNF type immsrof workability.

Keywords: Cement, Super plasticizers, mortar, SCC, Fly &slsh and hardened properties, compressive streragiit

tensile strength.
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1. INTRODUCTION

Concrete occupies unique position among the modern

construction materials, Concrete is a material usdulilding
construction, consisting of a hard, chemically ingrticulate
substance, known as a aggregate (usually madeifferemt
types of sand and gravel), that is bond by cemedtveater.
Self-compacting concrete is a fluid mixture suieakior
placing
Concrete is innovative concrete which can redueeatimount
of cementitious materials and total volume of ceter
required. It is a fluid mixture which can flow undiégs own
weight, completely filling formwork and achievingulff
compaction in structures even with congested redefment.
Also the use of SCC increases the speed of comistnuand
reduces the noise. If the mineral admixtures repkagart of
the Portland cement, the cost of self-compactincte will
be reduced especially if the mineral admixturesvaaste or
industrial by-product such as fly ash which is apbgduct of
the combustion of pulverized coal in thermal povdants.
Therefore use of fly ash not only provides econairiienefits
but also reduces heat of hydration Henceforth cépip of
Portland cement with fly ash can reduce the pradocof
CO2. Addition of SP reduces the water content efabncrete
which leads to higher durability, in addition to ttee
mechanical integrity of the structure. The sucadssf
production of self — compacting concrete (SCC) dse, is

in structures with congested Self Compactin

depended on arriving at an appropriate balance dmtwhe
yield stress and the viscosity of the paste.

In The present study 4 superplasticizers were asedon the
basis of the workability test on cement paste tviRisSvere
selected for further studies and to compare thifeces on
mortar properties such as workability, compresgtrength,
water reduction and tensile strength. Two differemrtar
mixes (1:1.5 & 1:2) were tested for three valuesvid ratio
(0.3, 0.35, and 0.4) for varying SP dosage i.emfth6 to 2%.
This paper presents an experimental investigatiostength
aspects such as compressive, and split tensilegstref self
compacting concrete containing fly ash and worlkigbiests
(slump flow, T500mm, V-Funnel and T5min) are caframut.
The methodology adopted is that Portland cemengptaced
by 0%, 35% and 50% of fly ash using two types
superplasticizers (SNF, PCE) and performance issored
and compared. Further Design of Self Compactingc@un
by replacing Fly ash is proposed and the studiefesih and
hardened properties were conducted. The resultweshthat
PCE type Superplasticizer is performing better t8aH- type
in terms of workability. The mixes are designed @er
EFNARC guidelines to meet the
compacting concrete. The mixes belong to class 2es
Walraven'’s classification, which is adopted by EFR@ for
self compatibility.

of

requirement of self
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Cement exhibit variable characteristics dependimg tbe
location and quality of raw material, manufacturimgpces-

dry/wet, grinding and temperatur&.arieties of SP’s with
different physical and chemical properties are labé in the
market.As a result there will be variability in interaatiavith

different cement and SP’s that can have an adwedffeet on
flash setting, delayed setting, rapid slump losapriper
strength gain, inordinate cracking etc. collectjveblled as
incompatibility of cement SP combinatior This can be
assessed only by an experimental investige Therefore for
every brand and batch of cement compatible SP guatibn
should be identified based on te$he variation of SP o
cement can vary from batch to batch of cement asr
different SP’s.In the present study there are four type:
superplasticizer's are used two of them Sulphonated
naphthalene formaldehydébased i.e. (Reobuild 1125,

Conphst 430) and other two were Polycarboxylate etyyee

F (Auramix 400, Glenium 6100).on the basis of wabiliey
test on cement paste two SP’s were selected fordustudie
as shown in figure 2 and figure In this study three types of
Sand were used i.e. Natural sand (N1), Natural (N2) and
Manufactured sand (M). The ture of sand is shown in figure
6. On the basis of the workability test we shortlis
Manufactured Sand for further stuc as shown in table 5.

1.1 Scope of the Study

The main aim of the project is to select the Sk gpd dosag
required from compatibility studies based on thes Design

of SCC mixes for selecterange of control parameters, so as
to achieve the target performance character .Study of
fresh and hardengatoperties of concre

Tests On Paste: Tests On Mortat:

e
Tests On

Concrete:

Tests On Paste
And Mortar:

l |

|

% Flow Time < Flow Table
Retention Test

% Flow Retention < V-Funnel
Test Test

4 Marsh Cone Test
< Mini slump cone

< Slump Flow,

B _Tjoo flow time

% V-Funnel Test,
< Tsmin

+ Setting time

fest

Tests On hardened properties of mortar and
concrete:

|
<+ Water absorption
++ Compressive strength
+ Split tensile strength

Fig.1 Scope of the study

2. METHODOLOGY AND MATERIALS: Table 1 physical properties of cem

The materials used for this study incluc Polycarboxylate

P ti Resultsobtained | 1S:8112-198¢
ether and sulphonated naphthalene formalde based roperties esuitsobtaine specification
superplasticizer complying with ASTM -@94 type F, was -
used. Fineness 9 10 mm

Consistency 28% -

2.1 Materials Used i_r:gg;ll setting| 105 min = 30 min

[

2.1.1 Cement Final setting time| 310 < 600 min
Ordinary Portland cement (Grade 53) was used. Hisipal Specific gravity | 3.1F -
properties are as given below.
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one is used aggregate in the SCC). Then all thenakt were
2.1.2 Fly Ash: mixed for 2 to 4 minutes. Several design procedhased on
scientific theories or (1) empirical experience dabeen
proposed for normal SCC [1]. In general, these gulaces fall
into the following two categories: (1) combinatioh super-
plasticizer and high content of mineral powders dgajl
combination of superplasticizer. Table 3 givesghedation of
sands and Table 4 gives the gradation of coarsegatg.

Class F Fly ash obtained from “Raichur Thermal PRowe
Station, Karnataka state, India. The physical ahdngcal
properties of fly ash are given in the above TaBle
respectively.

Table 2 Chemical properties of Fly ash
Table 3 Fine aggregate gradation

Sl No Properties Results
1 silica 58.58 sieve
2 Iron oxide 3.42 size in | Percentage of passing -

. mm Upper |Lower | NI Nl M-
3 alumina 28.2 limit |limit |sand |sand | sand
4 CaO 2.23 015 |10 0 28 14 |22
5 MgO 0.32 03 30 8 10 28 26.6
6 So3 0.07 0.6 59 335 37 394 | 558
7 Alkalies(K20) 1.26 118 |90 33 738 |89 67.8
8 (Na20) 058 236 | 100 75 85 100 80

475 | 100 90 100 100 100

3. TESTS ON MATERIALS

Constituents of the concrete mix namely the coatggegate
(granite), fine aggregate (sharp sand), and cerf@rtinary
Portland cement), water and chemicals. The grarsesl was

well graded, free from unwanted particles and a6&n and %paSSing %paSSing 0% &, | s 3831970grading

20mm sizes while the sharp sand consisted of Snaedsi

Table 4 Coarse aggregate gradation

particles on average. The tests carried out inctadis on the (R L
coarse (granite) aggregates, sieve analysis ofitlee(sharp SIeve size Zomm 12-5mm 40% 12.5mm ||m|t5f0rCA
sand) aggregate, workability tests, and crushirsg ¢ the

concrete cubes. The sieve analyses of the coagegaies .
and fine aggregates (sand) are given in Table 8. sike of 20 9184 100 9509 95 100
aggregates was between 4.75 to 9.5mm. The waterplus

of the aggregate was 18.02%, and the fineness medidlthe ].0 262 88].9 3684 2555
sand was 2.76, specific gravity was 2.68, and gihsor value

was 2.94. Typdl Portland cement was used in all mixes with 475 0 381 183 010

a specific gravity of 3.15. The 0%, 35% and 50%ébsh by ' ' '

mass of cementitious materials as cement replademas

used. A polycarboxylic ether (PCE) and sulphonated

napthelene formaldhyde (SNF) superplasticizer was

incorporated in all mixture; the PCE used was ie liquid

form with a specific gravity of 1.13 and solid cent of

38.4%.where as SNF used was with specific gravi2 nd

solid content 0f42.8.To enhance the stability ofcSIso filler

(lime stone powder) with the nominal particle sieé.15 and

0.3mm was used. sand, lime stone powder, cemesf]yaash

were mixed first for 1 min, and then Superplastcithat was

mixed in water was added (due to high value of wate

observation. several attempts were made to findhmutvay of

adding SP and water content of the mixture, analfirit was

found that the SP mixed in total water is a goddtgm when
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3.1 Test on Mortar

Table 5V-funnel test on M-sand Mini slump cone test on
cement paste

Mini Slump Cone Test Results

40
£
o
£ 30 I
o) e ﬁ::i;
[a] x—* !
3 ! u)‘ I
8 20 pd
a
(7]

10

0

0 0.2 0.4 0.6 0.8 1 1.2 1.4
% sp/c

Fig. 3 Mini Slump Cone Test for different SP’s

Table 7: Mini slump cone test on different Sands: 4.75mm -
0.075mm

Spread in cm

W/c Sp/C  |Nlsand |[N2sand (Msand

04 1% 18 8 9

04 1.20% 19 8.8 10.1

04 140% 20.2 9.4 10.9

04 1.60% 214 10.1 12.6

04 1.80% 2.1 12.1 13.9

04 2% 23.5 14 15.2

%% Flowin % Flowin
wic | s/c | SP{SNF) | sec sic | SP(PCE} | sec
0.3 1.5] 1.9% 34 1.5] 1.4% 24
03515 1.7% 20 15] 1.1% 14
04 15]14% 15 15108 9
03 2 2% 52 2 1.6% 36
0352 1.8% 26 2 1.3% 17
0.4 2 1.6% 18 2 0.9% 11
Marsh Cone Test Results
30
g 20 Glenium
w
£ \ =é== guramax
o
-E 10 & T URE ¢—-rheobuild
N@ ——conplast
0
0 0.25 05 0.75 1 1.25 15
% sp/c
Fig.2 Marsh Cone Test for different SP’s
Table 6 Flow table test on M-sand
%
SP Sprea %% Spre
(SN |d in SP(PCE | ad in
wic sic F) cm sle | ) cm
03 15 19 19.5 15 |14 215
035 15 1.7 23 15 |11 24
0.4 15 14 255 15 |08 26
0.3 2 2 18 2 1.6 18
035 2 18 22 2 13 225
0.4 2 1.6 24 2 0.9 25.5

Table 8: Results of Fresh properties of SCC

Sl | Cement |Stmp| Tappgm| V- | T
No| replaced | flow | g | funnel | spi
m S| 8ec

| |0%FA |680 |2 |6 |8)
) |3%FA (630 |4 0 |13
3 [30%FA |6l0 |3 |1
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3.2 Texture of Sand:

Fig.4 Flow table Fig.5 Viunnel N1- sand

N2-sand

M-sand  Fig.6 Texture for Different Sands

Slump flow test

V-funnel test

Fig.7 Workability test on concrete

Teoomm - lime taken for concrete to reach the 500 mm sprea
circle.
Tf : V-funnel flow time after keeping the concrete in

funnel for 10 sec.
smn - V-funnel flow time after keeping the concrete in

funnel for 5 min.

The flowability of the fresh concrete can be testéith the V-

funnel test, whereby the flow time is measuredyrég8.The
funnel is filled with about 12 litres of concretadathe time
taken for it to flow through the apparatus is meaguFurther,
T5minis also measured with V-funnel, which indicatde
tendency for segregation, wherein the funnel candfided

with concrete and left for 5 minutes to settleth&é concrete
shows segregation, the flow time will increase gigantly.

4. WORKABILITY TEST ON THE MORTAR AND
CONCRETE

A total of 108 cubes were cast comprising of cdntuabes
and cubes containing 0.9% to 1.2% SP by weightofent. A
mix ratio of 1:1.5:2.4 (that is 1.65kg of cement7Zkg of sand

and 3.96kg of granite) was used to produce the- self
compacting concrete. For mortar, total of 144 culese cast
comprising of control of cubes and cubes containinglo
to2% SP by weight of cement. This was batched bighte
After the mixing of the batched material, water aasled and
mixed thoroughly with shovel to achieve a homogeanmix
and then the cubes were moulded (figure 9) anddcimea
curing tank for the durations as shown in Table 1.

4.1 Testing of Samples

To study the effect of addition of the superplagécs on the
workability, compressive strength, water absorptiand
tensile strength the following tests proceduresiu§xushing
tests were performed on the mortar, concrete cubes
determine their compressive strengths. After cufmg3, 7,
and 28 days and Split cylinders tests were usezhézk the
tensile strength of mortar and concrete mixes ad&gs of
age. The load was applied to the cubes through alyidr
operation of the machine until failure occurred. eTh
corresponding peak load and stresses at this peere
recorded and used to determine the average comj@ess
strength.
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4.2 Compressive Strength of Mortar and Concrete

SNF PCE
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Figure 8: Compressive strength V/s curing days for mortat ofil:1.5 cement sand ratio
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Figure 9: Compressive strength V/s curing days for mortat ofil:2 cement sand ratio
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Figure 10: comparison of compressive strength of concretelimg days
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5. SPLIT TENSILE STRENGTH OF MORTAR
AND CONCRETE:

Table 9 Tensile strength of mortar

Cure | C:S | Split tensile strength N/mm?
days | Ratio
SNF PCE
W/t w/c
28 03/035{04|03(035(04
days | 1:1.5 [ 44]4.05[43(48] 3.8 |37
28 1:2 3736 |35(46]| 36 |36
days
4'C—1 5
g ., 0% FA, Rb
O o
% E m 35% FA, Rb
ofs3- —
EZ 50% Fa, Rb
o 2 - —
2 m 0% FA, Au

[EEN
|

—_m35%FA, Au

o - 50% Fa, Au
% Variation of Fly ash

Fig.11 Tensile strength of Concrete

6. MIX-DESIGN

The Japanese concept for design of SCC is basedmethod
proposed by Okamura and Ozawa [2] . The author® hav
proposed a simple mix-proportioning system assurgerngral
supply from ready-mixed concrete plants. The coarskfine
aggregate contents are fixed so that selfcompdityatan be
achieved easily by adjusting the water to powdéume ratio
and superplasticizer dosage only. The mixed design
proposed is:

« Coarse aggregate content is fixed at 50% of tbied s
volume;

« Fine aggregate content is fixed at 40% of thetatarolume;

« Water-powder ratio in volume is assumed as 0.9.®
depending on the properties of the powder; and

» Superplasticizer dosage and the final water-powalo are
determined so as to ensure the self-compactability.

The value of water to powder volume ratio (Vw/Vp i
optimized by mortar flow test and Mortar Funnel fTes
Takada [3] considered the slump flow value of 63D+8Bm
and the V-funnel time of 11+2 s as adequate vatuetiie
workable SCC.

CONCLUSIONS

As a result of this experimental study, the follogi
conclusions could be made: The workability of Morta
depends mainly on the type of SPs used. In thiglystu
Polycarboxylate based and Napthelene based SP’ssac
especially PCE, showed better results in improvihg
workability of Mortar, as determined by both of the
workability tests. The chemical admixtures adverssffect
the setting time of mortars. Among the mineral adores,
however, PCE based SP increased the setting timiheof
mortars.

Concrete

The observations and test results have revealet thea

properties of self compacting Concrete in fresh haddlened

stages have been improved with the addition of Igtles of

Superplaticiser's for all nominal mixes of conceetelhe

contributions of Polymer based SP are however more

pronounced in terms of increase in the compresstirength,
workability and reduction in the water requiremera$
concreteslt could be concluded that, workability of SCC has
been increased significantly with the addition &. ®btained
results indicated that increasing dosage of SP.0802by
weight of cement improved the performance of camecend
contributed more to the improvement of its trangguitity
properties, but at the same time has consideraddyiced
water/cement (W/C) ratio. On the basis of the ssidiarried
out on concrete, it can be concluded that:

» The proper selection of superplasticizer is neagssa
which should be compatible with the cement used.

» The amount of water reduction increases with theade
of superplasticizer. However the slump flow incesas
with the decrease in elapse time when the dosage of
superplasticizer is higher.

» At the water/powder ratio of 1.180 to 1.215, slufigw
test and V-funnel test results were found to be
satisfactory, i.e. passing ability, filling abilignd are well
within the limits.

» Trail mixes have to be made for maintaining floviai
self compatibility and obstruction clearance.

» Almost all the mixtures produced belonged to classs
per Walraven's classification, which is adopted by
EFNARC.

» By using the OPC 53 grade, normal strength of 4@ KP
60 MPa at 28-days Was obtalned keeping the cement

content around 225 kg/rm 450 kg/m

» From the observations it was found that nearly bathe
compressive strength is gained in 3 days and 2BtHe
strength in 7 days curing which satisfies IS: 4962

» The compressive and tensile strength of superpizast
SCC concrete are higher than those of conventional
concrete of the same consistency. The test resaudts
found to be within the prescribed limits.
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