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Abstract— Self Compacting Concrete (SCC) is new type of
concrete that posse's property of high flow ability, passing
ability and stability. Fresh behavior of SCC was measured as
per European guidelines. Filling ability, passing ability and
resistance to segregation of SCC were measured by Slump flow,
J-Ring, V-funnel, L-box, U-box and GTM tests as per the
European Federation of National Associations Representing for
Concrete (EFNARC) specification. This paper presents an
experimental study on self-compacting concrete (SCC) with
different quantity of binder volume and water binder ratio.
Binder volume varies in range of 450 kg/m? to 700 kg/m?®. Water
binder ratio varies between 0.29 to 0.34 (by weight). After taking
different trail mixes for self compacting concrete, the cubes and
beams were casted for selected proportion. Result show that the
concrete fresh state performance increases due to the increase of
binder volume as well as increased in water binder ratio. It was
noticed that there is slightly change in compressive strength.
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. INTRODUCTION

Self-compacting concrete (SCC) is considered as a
concrete which can be placed and compacted under its self
weight with little or no vibration effort, and which is at the
same time cohesive enough to be handled without segregation
or bleeding of fresh concrete. Also, with the increased use of
heavily reinforced concrete, there is a growing need for highly
flowable concrete to ensure proper filling of the formwork.
Heavy reinforcement restricts the access of vibrators that are
required to adequately consolidate normal concrete (NC).
Moreover, excessive vibration can cause undesirable
segregation and bleeding. Self-consolidating concrete (SCC)
offers a solution to these problems; it is a high-performance
concrete that spreads easily under its own weight into tight
and restricted areas without segregating or requiring vibration,
while achieving good consolidation [1,2,3,4,5,6].

SCC was developed in Japan [7] in the late 1980s to be
mainly used for highly congested reinforced structures in
seismic regions. Recently, this concrete has gained wide use in
many countries for different applications and structural
configurations. SCC can also provide a better working
environment by eliminating the vibration noise.

The production of SCC is normally achieved by increasing
the fines of the mixture using mineral admixtures (such as fly
ash, slag cement, limestone powder, etc.) and/or viscosity-
modifying admixtures [2, 3, 4, 5, 6, 8]. In addition, the coarse
aggregate content in SCC is usually less than that used in
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normal concrete (NC) to enhance concrete workability and
flowability.

SCC mixes usually contain superplasticiser, high content
of fines and/or viscosity modifying additive (VMA). Whilst
the use of superplasticiser maintains the fluidity, the fine
content provides stability of the mix resulting in resistance
against bleeding and segregation. The use of fly ash and blast
furnace slag in SCC reduces the dosage of superplasticiser
needed to obtain similar slump flow compared to concrete
mixes made with only Portland cement [9].

It is estimated that SCC may result in up to 40% faster
construction than using normal concrete [10, 11]. Also, the
use of fly ash improved the rheological properties and reduced
thermal cracking of the concrete [12]. Kim et al. [13] studied
the properties of super-flowing concrete containing fly ash
and reported that the replacement of cement by 30% fly ash
resulted in excellent workability and flowability. MIURA et
al. [14] evaluated the influence of supplementary cementitious
materials on workability and concluded that the replacement
of cement by 30% of fly ash can significantly improve
rheological properties.

1. EXPERIMENTAL STUDY

A. Constitute Materials

Materials used under study are given in Table I. The
physical properties of the fine aggregates and particle size
distribution are given in Table 1.

TABLE 1. CONSTITUTE MATERIALS USED IN STUDY
Sr. material specification
no.
1. | Ordinary Portland As describe in IS: 12269, specific
Cement (OPC) gravity of the cement was 3.12.
2. | Fly Ash Dark, pozzocrete 60 confirming to IS:

3812 (Part 1) 2013, Specific gravity of
this fly ash was 2.0.

3. | Superplasticiser Master Glenium SKY 8276, BASF

confirming ASTM C 494,

4. | Fine Aggregate Locally available river sand passing
through 4.75 mm IS sieve confirming

t0 1S: 3812 (Part 1) 2013,

5. | Coarse Aggregate Locally available Crushed Granite —
maximum sizes 20 mm and 10 mm

confirming to IS: 3812 (Part 1) 2013,
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TABLE II. PHYSICAL PROPERTIES OF AGGREGATES TABLE Il PROPORTIONS OF AGGREGATES WITH CORRESPONDING
EXPERIMENTAL PACKING DENSITY
Coarse aggregate Coarse aggregate
Properties Sand | 10 mm maximum | 20 mm maximum St Fine 10 mm 20 mm max. Experirr_lental
size size No. Aggregate max size size Packl_ng
Specific gravity 2.62 2.8 2.78 (% _Vol)) (% Vol) (% Vol) Density
Bulk Density (Loose, 1 100 0 0 0.665
kg/m%)( 1708 1450 1414 2 70 0 30 0.669
Bulk Density (Compact, 3 30 0 70 0.667
kg/%g) P 1868 1652 1632 4 0 100 0 0.515
Water absorption % 1.39 0.65 0.56 5 30 70 0 0.615
. . 6 70 30 0 0.644
B. Mixture Proportions 7 0 0 100 0.485
In the present investigation, experiments were conducted 8 0 30 70 0.506
for different binder volume ranging from contents 450 kg/m? 19 0 0 20 0.541
to 700 kg/m3 and W/B ratios (0.29 to 0.34 by weight) with 2 = 3 - 2%
porresponding_ variation i_n the paste vol_ume to i_nvestigate the 1 20 20 20 0.667
influence of binder quantity and water binder ratio on the fresh 13 20 30 30 0.665
and hardened properties of SCC. The paste volume varied 14 40 40 20 0.666
from 310 liter to 480 liter. The aggregate combination of 15 50 10 40 0.672
50:20:30 (Fine aggregate: Coarse aggregate 10 mm maximum 16 50 20 30 0.677
size : Coarse aggregate 20 mm maximum size) by volume was 17 50 30 20 0.665
keep constant for all mixes. A polycarboxylate-based high 18 50 40 10 0.668
. - ) 19 55 20 25 0.675
range water reducing admixture (HRWRA) was also used in 20 53 0 15 0672
the mixtures, dosage of superplasticiser was kept constant. i.e. 21 60 20 20 0.675
0.5% by weight of binder for providing the desired fluidity of 22 60 30 10 0674
the SCC. For all test, cement to fly ash ratio, in total binder 23 10 80 10 0.620
quantity, was kept constant. (Cement: Fly ash = 70:30 by 24 10 10 80 0.623
volume). 25 80 10 10 0.652
26 20 60 20 0.615
C. Optimisation of Aggregate Combination 27 20 40 40 0.625
28 20 20 60 0.620

Proportioning of aggregates for concrete is influenced by
geometrical characteristics of aggregates such as shape,
angularity, texture, particle size distribution (PSD), wall effect
and method of compaction. These parameters are collectively
reflected in terms of the packing density [18, 19]. Packing
density of aggregates is an indicator of the voids content.
Aggregates with higher packing density result in lesser void
content, in turn minimising the volume of paste to fill up the
voids. Apart from economic benefit due to lower cement
content, research has shown that the packing density has
significant influence on the fresh and hardened properties of
concrete [20]. Experiments were conducted to determine the
packing density of different combination of aggregates

The packing density of aggregates was determined
experimentally, using a modified version of the test procedure
described in [21].

The test procedure is as follows [22]

Step 1: A mass equivalent of 30 liter of aggregates (10 mm
max. size and 20 mm max. size and river sand) was taken
according to the corresponding volume proportions in separate
plastic trays.

Step 2: This three types of aggregates were mixed
manually for obtaining a proper blend.

Step 3: The mixed aggregates were poured into bucket
without any compaction.

Step 4: Then, mixed aggregates were filled in a cylindrical
container of known volume. The container diameter should be
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more than 10 times the diameter of the maximum size of
aggregates used to eliminate the wall effect. The distance
between bucket and cylinder top was maintained
approximately 200 mm while filling the aggregate in
container.

Step 5: The excess aggregates remaining above the top
level of the cylinder were struck off. The mass of the cylinder
along with the aggregates filled in was measured and the
empty weight of the cylinder was deducted to determine the
exact quantity of combined aggregates filled in the bottom
container.

Knowing the mass of the individual aggregate type added
and the volume of the container, the void content was
calculated. The packing density of the aggregates was
calculated from the void content. The equations for calculating
the void content and packing density are as follows [22]:

Void content = (Vc-((M1/S1) + (Mo/S2) +(M/Sa))Ve (1)

Where Vc is the volume of the container, M1, M2, M3 are
mass of each aggregate type, and Si, Sy, Ss are the specific
gravity of corresponding aggregate type.

Packing density = 1- Void content (2)

To achieve maximum packing density, experiments were
conducted for different proportions of aggregates. Based on
eg. (1) and (2), the packing density of the aggregates was
determined. The aggregate combination of 50:20:30 (Fine
aggregate: Coarse aggregate 10 mm maximum size: Coarse
aggregate 20 mm maximum size) by volume resulted in
maximum packing density (0.677), and was used in all the
experiments. This indicates a void content of 0.323 (or 323 1)
of the total volume of concrete.
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TABLE IV. FRESH PROPERTIES OF SELF COMPACTING CONCRETE
Sr. Bind wiB Paste Slump Tsocm J JRing V- L Box U Box GTM Block Remar
No erin by Volum Flow Slump Ring | Flowin | Funnel Blocki Filling Screen assessme ks
kg weight ein mm Flow in mm Flow in ng Height stability ntin
Liter Sec Sec Ratio test mm
(Segregatio
n ratio)

1 0.34 313 610 74 12 580 22 0.71 34 7.33 30 NS
2 450 0.36 321 680 5.3 11 655 12 0.85 21 12.34 25 NS
3 0.37 329 735 3.1 9 710 8.5 0.92 10 16.33 25 NS
4 0.39 337 830 1.2 8 815 6.5 0.98 3 18.66 15 S
5 0.34 348 600 6.3 11 570 18 0.70 28 10.73 30 NS
6 500 0.36 357 710 4.8 10 690 5 0.85 14 14.28 20 NS
7 0.37 365 855 2.5 8 835 5.5 0.98 10 15.73 20 S
8 0.39 374 880 2.3 5 865 5 1.00 5 22.52 15 MS
9 0.30 363 620 5.8 15 595 19 0.75 35 10.32 25 NS
10 550 0.32 373 680 4.6 11 660 12.5 0.80 22 13.33 20 NS
11 0.34 382 785 3.2 7 770 10 0.88 15 15.54 15 NS
12 0.36 392 885 1.9 3 875 8.5 1.00 9 19.32 10 S
13 0.30 396 635 4.5 12 605 15 0.82 35 13.53 30 NS
14 600 0.32 406 795 3.8 7 775 10 0.92 28 12.86 20 NS
15 0.34 417 825 2.3 4 815 9 0.98 22 17.1 10 S
16 0.36 428 880 1.9 0 875 5.5 1.00 15 19.72 5 MS
17 0.30 429 670 4.2 8 645 14 0.88 30 10.23 25 NS
18 650 0.31 433 795 3.8 5 775 12 0.91 19 12.48 20 NS
19 0.32 440 830 3.1 3 820 6 1.00 17 13.33 10 NS
20 0.34 452 885 2.0 1 875 5 1.00 6 23.35 10 MS
21 0.29 449 785 5.6 5 765 15 0.85 25 12.33 20 NS
22 700 0.30 462 830 2.7 5 820 12 0.95 22 13.22 10 NS
23 0.32 474 900 2.0 1 895 6 1.00 10 17.65 5 S
24 0.34 487 970 15 0 965 5 1.00 0 21.35 5 MS

I1l.  RESULTS AND DISCUSSION

The ability of SCC for compacting under its own weight is
generally the main subject of such studies according to
appropriate criteria given by the EFNARC [23]. In the present
study, such properties of SCC produced keeping constant
cement fly ash ratio in total binder quantity. Also ratio of
different size of aggregate in total aggregate kept constant for
all SCC mixes. Table IV depicts the results of fresh concrete
tests such as slump flow, Tso cm slump flow, J ring, J ring
flow, V-funnel flow, L box blocking ratio, U box filling height
and GTM Screen stability test.

A. Fresh concrete properties of SCC

To evaluate workability of fresh self compacting concrete
like filling ability, passing ability and segregation resistance,
different test were carried out as per EFNARC [23]
specifications. Filling ability of SCC was measured using
slump flow and V — funnel test. Passing ability of SCC was
measured using J- ring, L- box and U — box test. Similarly
resistance to segregation of self compacting concrete was
measured with the help of GTM Screen stability test.

1) Slump flow and Tso cm slump flow

The slump-flow test is a value-system for the ability of
concrete to deform under its own weight against the friction of
the surface with no external restraint present [24]. All mixtures
exhibited good workability with flow values of at least 600
mm. Slump flows of 650 mm to 800 mm are typically required
for SCC [23], and all the mixtures under investigation fall into
this category. The variations in slump flow for different binder
guantity, immediately after mixing process, are shown in Fig
1. The results of slump-flow tests show that, increased in
binder quantity, the slump flow were also increased for same
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NS=No Segregation, S=Segregation, MS=More Segregation

water binder ratio. This was happened due to increased in
binder quantity, the paste volume was also increased and, so
excess paste is available for flow of concrete. It was also
observed that as water binder ratio increased, slump flow
increased for all binder volume. This was happened due to
increased in volume of paste due to increased in water quantity
in mixed. It was also reported that for higher slump flow
(more than 810 mm), segregations were take place in concrete.
This thing was observed in case of higher water binder ratio.
The doses of superplasticiser were kept constant for all of the
mixtures.

The Tso time is the time required to reach 50 cm slump
flow. It indirectly indicates the viscosity of the concrete —
higher the time to reach 500 mm, higher the viscosity [25].
Results shows that Tso time varies between 1.3 to 7.5 sec are
shown in Fig. 2. The Tso time is a secondary indication of
flow. A lower time indicates greater flowability. As slump
flow increased Tso time was decreased for all mixes
proportion.
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Fig. 2. Relationship between the Ts, cm slump flow and W/B ratio

2) J-Ring and J-Ring Flow

For assessing the passing ability of SCC, J-ring test was
conducted according to EFNARC [23]. The values of J ring
difference, J ring flow, and J ring blocking assessment are
plotted in Figs. 3-5. It was observed that the J-ring flow
(slump flow with J-ring) increase with increase in paste
volume. This could be attributed to the fact that with increase
in paste volume, the aggregates are dispersed efficiently and
hence the concrete passes through the reinforcement without
congestion of the aggregates. The blocking assessment was
calculated as the difference between the slump flow and J-ring
flow. From the results, it was observed that, the difference
between slump flow and J-ring flow was in the range of 5-30
mm. The more blocking was observed in proportion having
higher volume of aggregate.

3) V - Funnel Flow

The V-funnel test is used to determine the filling ability of the
concrete with a maximum aggregate size of 20 mm. The
results of V-funnel flow time are presented in Fig 6. It was
observed that V- funnel time is very sensitive to water binder
ratio. At particular change in water binder ratio, there is large
variation in V- funnel time was observed. For self compacting
concrete the range of this time is 6 to 12 sec as per EFNARC
[23]. It was also observed that as W/B ratio increased, V-
funnel time was decreased for all mixes proportion. This was
happen for each group of binder as W/B ratio increased, paste
volume was also increased.
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4) L-Box Ratio
The L-box ratio characterizes the filling and passing ability of
SCC. There is generally a blocking risk of the mixture when

20 4 WB=450Kg/M3 mB=500Kg/M3 =B =550Kg/M3
EB=600Kg/M3 mB=650Kg/M3 uB=700Kg/M3

15 A

nnm

029 030 031 032 034 0.37 0.39

JRing difference inmm

W/B ratio by Weight

Fig. 3 Relationship between the J Ring difference and W/B ratio
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Fig. 4. Relationship between the J Ring Flow and W/B ratio
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Fig. 5. Relationship between the J Ring Blocking and W/B ratio

the L-box blocking ratio is below 0.8. The L- box blocking
ratio of SCCs produced with different binder volume are
shown Fig. 7. The blocking ratio (hz2/hs1) should be between
0.8 and 1.0 according to EFNARC [23]. All mixtures of SCC
are within this target range except proportion whose paste
volume is very low and aggregate volume is very high.
However, It can be noted that each SCC investigated in the
present study as adequate filling capability and passing
ability.
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5) U-Box

U box test is used to measure the filling ability of self-
compacting concrete. U box test results for different mixes
proportion were shown in Fig 8. It was observed that with
increased in binder quantity or increased in W/B ratio there is
decreased in difference in U box filling height.

25 . EB=450Kg/M3 mB=500Kg/M3 mB=550Kg/M3
EB=600KgM3 mB=650Kg/M3 mB=700Kg/M3
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Fig. 6.Relationship between the VV-Funnel Flow and W/B ratio
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Fig. 8. Relationship between the U Box Filling Height and W/B ratio

Reason behind this is as binder quantity or water quantity was
increased in mix proportion.

6) GTM Screen Stability Test

GTM screen stability test is a very effective way of
assessing the stability of SCC. It gives indication of
segregation in self compacting concrete. If segregation ratio is
less than 15%, the mix is suitable for self compacting concrete
as suggested by the EFNARC [23]. It was observed that as
water quantity increased in mixes, there is probability to
increase in segregation. (See Fig. 9).
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B. Compressive Strength and Flexural Strength

After taking different trail mixes for self compacting concrete,
the cube and beam were casted for selected proportion. The
selection was done from each group having different binder
quantity which satisfied full criteria of the EFNARC.

BB =450Kg/M3 WB=500Kg/M3 uB =550Kg/M3

- 25 1  mB=600Kg/M3 HB=650Kg/M3 uB=700Kg/M3
£ 20 4
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2 10 - ‘ i ‘
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]

3 5 -

v

= .1

© 029 030 031 032 034 036 037 039

W/B ratio by Weight
Fig. 9. Relationship between the GTM Segregation ratio and W/B ratio
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Fig 10. Compressive Strength Vs Binder Volume

Concrete cubes of dimension 150 mm x 150 mm x 150 mm
was cast and moist cured for 28 days. The compression test of
concrete cube was performed as per IS 516 [26]. Table 5
presents average compressive strength of three cubes for
different binder quantity at 28 days curing, plotted against the
binder quantity were shown in Fig. 10 indicates a good
correlation between the compressive strength and W/B ratio.
The compressive strengths for the different mixtures varied
from 57 MPa to 66 MPa. The compressive strength for 450
kg/m? binder and 0.36 W/B ratio was observed around 62.65
MPa. The compressive strength was decreased as binder
quantity increased up to 550 kg/m®. This thing was may be
happened due to decreased in aggregate volume in mix
proportion. After 550 kg/m? binder, compressive strength was
increased. Increased in compressive strength for higher binder
volume may be due to very strong bond between aggregate
and cement. For higher volume of binder quantity and lower
water binder ratio, the strength of concrete cube was
increased.
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TABLE V. HARDENING PROPERTIES OF SELF COMPACTING CONCRETE 5. Slm”ar'y’ J_ring flow (Slump flow with J_ring) increase
Sr. | Binde | W/B Paste Volume Average Average with increase in paste volume. Also more blocking was
No | rin ratio | Volume of Compressi | Flexural observed in proportion having higher volume of
Kg/m by in Liter | Aggregate ve Strength aggregate
3 i inLi i i )
weight in Liter Str?\:%t: | inMPa 6. Self compacting concrete is very sensitive concrete. At
1 250 036 221 579 62.65 238 particular change in water binder ratio, there is large
2 | 500 | 0.36 357 643 62.77 4.59 variation in V- funnel time was observed.
3 550 | 0.34 382 618 57.07 3.85 7.L box results shows that all mixtures of SCC are within
g ggg 8-2? gg 22‘7‘ gi-gg j-ig target range except proportion whose paste volume is
5 =00 0.30 262 =38 5657 289 very low and aggregate volum_e is very higr_]. However, it
— 6o - can be noted that each SCC investigated in the present
T 1 study as adequate filling capability and passing ability.
% 5.0 - 8. The results of U box test for different mixes proportion
ER shows that with increased in binder quantity or increased
5 in W/B ratio there is decreased in difference in U box
5 30 filling height.
z o 9. The results for hardened properties of the SCC mixtures
*; - for different binder volume were investigated, all mixes
= 10 - shows very good compressive strength. The compressive
00 strengths for the different mixtures varied from 57 MPa
) 450 500 550 600 650 200 to 66 MPa. Fpr hlghef volume of binder quantity and
lower water binder ratio, the strength of concrete cube
Binder in Kg/M? was increased.
Fig 11 Flexural Strength Vs Binder Volume
. REFERENCES
Flexural strength of concrete was measured by testing of 117 7. Avery, “Self-compacting concrete powerful tool for complicated
beam of size 100 mm x 100 mm x 500 mm under four point pours, Concrete,” Monthly News, Cem Concr Ind; 2(3) , 2004.
bending test using Digital Universal Testing Machine having  [2] N. Bouzoubaa, M. Lachemi, “Self-compacting concrete incorporating
capacity 60 tone. The results of flexural strength of concrete high volumes of class F fly ash-Preliminary results,” Cem Concr Res
beam are presented in Table 5. Flexural strength of beam was 31(3), 413-20, 2001. _
decreased as compressive strength of concrete decreased upto  [31 M. Lachemi, KMA Hossain, V. Lambros, N. Bouzoubaa,
550 kg/m3 volume of binder. Then after it was increased and “Development of cost effective self-compacting concrete incorporating
il | h of ) h fly ash, slag cement or viscosity modifying admixtures,” ACI Mater J,
exural strength of concrete reach up to 4.89 MPa. 100(5), 419-25, 2003.
IV. CONCLUSIONS [4] M. Lachemi, KMA Hossain, V. Lambros, N. Bouzoubaa, “Self
) ) compacting concrete incorporating new viscosity modifying
The following conclusions can be drawn, based on the results admixtures,” Cem Concr Res, 24(6), 917-26, 2004.
of this experimental work: [51 R. Patel, KMA Hossain, M. Shehata, M. Lachemi, “Development of
1.1t was observed from packing density test that; individual statistical models fof, }\hél K‘A'X dgs'l%rl ‘zf hz'gi‘ 3\602"1%%:'3/ ash self-
aggregate has more void contain then combination of all [6] E’:“F::ﬁ:”i C(F)>nCF::teI‘tre S TrztriLla étz ct r;u pe’rformémce and in
i i yat, F. raultre, o. Y, uctu in-
aggre_gate' The Coa_'rse aggregate (20 r_nm maX|_mum Slze) place properties of self-consolidating concrete used for casting highly
contain more voids then 10 maximum size coarse reinforced columns,” ACI Mater J, 98 (5), 371-8, 2001.
aggregate as well as sand. [7] K. Ozawa, K. Maekawa, M. Kunishima, H. Okamura, “Performance of
2.The aggregate combination of 50:20:30 (Fine aggregate: concrete based on the durability design of concrete structures,” Proc. of
Coarse aggregate 10 mm maximum size: Coarse the second ealsésaésia-pacific conference on structural engineering and
- . . construction, ,
ag.gI:EQate 29 mm maxmum §|Ze) by. volume g_lve [8] KMA Hossain, M. Lachemi, “Use of volcanic debris and industrial
minimum void contain. So it gives maximum packln.g wastes in the development of self-consolidating concrete for sustainable
density compare to other combination of aggregate. This construction.” In proceedings of the 5 structural specialty conference
aggregate combination of 50:20:30 was selected for all of the canadian society for civil engineering, 2-5, 2004.
mixes of self compacting concrete. [9] A. Yahia, M. Tanimura, A. Shimabukuro, Y. Shimoyama, “Effect of
. : rheological parameters on self compactability of concrete containing
3. !t was als_o Observe_d that fO!’ a given paste VOIu_me’ with various mineral admixtures,” In proceedings of the first RILEM
Increase m_Water blndEI_’ ratio, the slump f_|0W mcreaS_Ed international symposium on self-compacting concrete, Stockholm, 523—
and for a given W/B ratio, the slump flow increased with 35,1999
increase in powder content. [10] B. Perssoiv, “Japan Society for the Promotion of Science,” Report
4. The reason for the above observations could be attributed 9803: 12, division of building materials, lund institute of technology,
' - lund, 1998.
to the fact that the paste volume increased when the W/B i )
ti the bind tent i d ith th . [11] M. Nocher, “Flowing smoothly and quietly,” Advanced concrete and
ratio or the binder content increased, wi e given masonry center, Issue 198, UK, 2001.
combination of aggregates having a packing density of [12] M. Kurita, T. Nomura, “Highly-flowable steel fiber-reinforced
0.677 concrete containing fly ash,” In: Malhotra V' M, editor. Am Concr Inst
SP 178,159-75, 1998.
IJERTV 415090628 www.ijert.org 604

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)



[13]

[14]

[15]

[16]

JK Kim, SH Han, YD Park, JH Noh, CL Park, YH Kwon,
“Experimental research on the material properties of super flowing
concrete,” In: PJM Bartos, DL Marrs, DJ Cleland editors. Production
methods and workability of concrete. E&FN Spon; 271-84, 1996.

N. Miura, N. Takeda, R. Chikamatsu, S. Sogo, “Application of super
workable concrete to reinforced concrete structures with difficult
construction conditions,” High Performance Concrete in Severe
Environments, Proc ACI SP 140. p. 163-86, 1993.

IS 12269 Specification for 53 grade ordinary portland cement. Indian
Standards; 2004.

IS 3812 (Part 2), Indian Standard pulverized fuel ash — specification,
Indian Standards , 2013.

[17] ASTM C494 Standard specification for chemical admixture for
concrete, 2004

[18] AHM Andreasen, J. Andersen, “Uber die beziehung zwischen
kornabstufung und zwischenraum in produkten aus losen kornern (mit
einigen experimenten). Kolloid Z 50, 217-228, 1930.

[19] P. Goltermann, V. Johansen, L. Palbol, “Packing of aggregates: an
alternative tool to determine the optimal aggregate mix,” ACI Mater J,
94(5), 435-443, 1997.

[20] M.Glavind, EJ Pedersen, “Packing calculations applied for concrete
mix design” In: Proceedings of creating with concrete, University of
Dundee, 1-10, 1999.

[21] ASTM C 29, Standard test method for bulk density (Unit Weight) and
voids in aggregate. American Society for Testing and Materials
Standards, West Conshohocken, 2001.

[22] P. Nanthagopalan, M. Santhanam, “An empirical approach for the
optimisation of aggregate combinations for self-compacting concrete,”
Materials and Structures, RILEM , 2012.

[23] EFNARC Specification and guidelines for self-compacting concrete.
European association for producers and applicators of specialist
building products, 2002.

[24] B. Felekoglu, S. Turkel, B. Baradan, “Effect of water/cement ratio on
the fresh and hardened properties of self-compacting concrete,” Build
Environ, 42(4),1795-802, 2007.

[25] P. Nanthagopalan, M. Santhanam, “Fresh and hardened properties of
self-compacting concrete produced with manufactured sand,” Cement
& Concrete Composites 33, 353-358, 2011.

[26] IS 516. Methods of tests for strength of concrete. Bureau of Indian
Standards; 1999.

IJERTV 415090628

www.ijert.org

International Journal of Engineering Research & Technology (1JERT)
ISSN: 2278-0181
Vol. 4 Issue 09, September-2015

605

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)



