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Abstract.

The free flow ability of fresh self-compacting coete (SCC), capable of overcoming obstacles andtping
into difficult joints is one of the special propes that differentiate SCC from normal concretecdh then be
rightly said that the fresh property of self comyrag concrete (SCC) is the most important factoat th
distinguishes SCC from conventional concrete. [uiné importance of this property to the overalf@enance
of self-compacting concrete, the tests of fresh $@Gt be gotten right since any mistake will conmpise the
essence of recurring to SCC in place of normal ziac

This research attempts to enhance the flow-abiftsCC via replacement of cement with varying desaf
limestone and super-plasticizer. To validate therowement of SCC fresh properties, slump test edus
assess workability, L-box test for passing abitityd V-funnel test for filling ability. Test resuléalyzed with
statistical tools confirmed that the workabilitydarheological properties of self-compacting conerean be
improved through the adoption of various dosagdsrastone powder.

Keywords: Self-Compacting Concrete, Limestone powder, Fpgsperties.

1. Introduction

The durability of concrete, the most widely usedstouction material in the world has been of geeatcern to
researchers all over the world. Problems relatethéostrength and poor quality concrete appearetwédry

severe in the developing nations where most of thgildings are realized in reinforced concreter. Fistance,
in Nigeria, over 95% of frequent cases of buildouilapse verified affect concrete structures andr gpality

material has been identified as one of the prinapases of collapse in Nigeria [1]. To circumv#rg concrete
durability and strength issues, scientists haverkad to improve the quality of normal concrete amctreate
alternative products capable of serving as matriké construction industries. One of such improsets on the
quality of normal concrete is self-compacting catey capable of occupying various forms of spaceeuthe
influence of gravity without segregation with thbilay to fill the formworks and the spaces betwethe

reinforcement without vibration and rodding. Reviefypast works on SCC can be found in [2, 3, 4,5, 8].

The special properties of the fresh self-compactiogcrete are the ability to flow naturally, overgag

obstacles and the capacity of self-compacting. &lspgcial properties, difficult to obtain in norncaincrete are
achieved only by systematic optimization of both thdividual constituents and of the compositioh [Bcan

then be rightly said that the fresh property of sempacting concrete (SCC) is the most importaoctdr that
distinguishes SCC from conventional concrete. Tloeeeit is important that the tests of fresh SCQadten

right because any mistake will compromise the essefiusing SCC in place of normal concrete.

For these reasons, this research studies the greglerties of self-compacting concrete. This wdrksaat using
limestone powder to improve the workability andalogical properties of fresh self-compacting cobterd he

influence of limestone powder and High Range WRiducing Super plasticizer on the fresh propedfesCC

is considered. For the flow-ability, slump test veaopted, for passing ability, L-box test is used #or the

viscosity/fluidity, V-funnel test is executed.

2. Materialsand Methods

The main aim of this experimentation is to find the effects of addition of limestone on the flomperties of
self-compacting concrete containing High range watsglucing super-plasticizer. The research proeedur
consisted of material selection, batching and ngixfresh property tests.
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2.1. Congtituent materials

The materials adopted are cement, limestone povhilgi, range water reducing super-plasticizer, sandrse
aggregate and water.

Cement: The cement adopted for the test conforrmeBS EN 197 Part 1. Composition, specifications and
conformity criteria for common cements.

Additive: The mineral additive used in this studyaiNigerian Limestone powder.

Admixtures: Conplast SP 432 MS conforming to BSEM-2 2000 served as super-plasticizers or higheang
water reducing admixtures. This is a chloride fregger-plasticizing admixture based on selecteghsmated
naphthalene polymers which enables the water cbafeéhe concrete to perform more effectively.

Aggregates: Good quality river sand limited to 4% was used as fine aggregate and crushed gramited to
20mm was used for this study. These aggregateswsighed in a room dry condition.

Water: Ordinary potable water available in the talbary was used.

2.2. Mix proportion

In this study, 5 concrete mixture samples are aealy The samples are labeled5#3'y for conventional
concrete mix for reinforced concrete with 50% waiement ratio and extra 20ml of super-plasticizerd
SCC, 5CC,; 5CC, and5CC for self-compacting concrete with 45% water/cemetio and 5%, 10%, 15%

and 20% cement replacement with limestone powdgredatively.
The batching and mixing with varying mix compogitsoare summarized in table 1.

Table 1: mix proportion of SCC samples

Materials SCC, | SCC, | 5CC4 | 5CC, | SCCy
Portland Cement (Kg)

10 9.5 9 8.5 8

Limestone Powder (Kg
0 0.5 1 15 2

Fine Aggregate (Kg)
20 20 20 20 20

Coarse Aggregate (Kg
20 20 20 20 20

Water cement ratio (%
0.5 045 | 045 | 045 | 045

Superplasticiser (ml)
120 100 100 100 100

2.3. Tests procedures

The fresh property tests consisted of slump test\rkability), L-box test (for passing abilityy-funnel test
(filling ability). The fresh SCC's tests’ apparatsd execution processes are shown in figures 2and

2.3.1 Slump test and Tsg time test

Slump flow and §y time test are used to assess the fluidity andfltwe rate of SCC in the absence of
obstructions. The slump flow test measures thedreestricted deformability and the,ftest measures the rate
of deformation within a defined flow distance.

Apparatus: the equipments used [5] were made lgasé plate of size of 900 x 900 mm, made of impaliee
and rigid material (steel or plywood) with smootideplane test surface, a 300mm high Abram'’s cortk thie
internal upper/lower diameter equal to 100/200 ramstopwatch with the accuracy of 0.1 second foonding
the slump flow time T500, a graduated ruler for sugag the diameters of the flow spread, bucket modbt
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sponge or towel for wetting the inner surface & tione and the test surface of the base platesitihg flow
time Tsq is the period of time between removal of the cfvoen the base plate and the arrival of the SCQat t
circle of diameter 500mm.

Test Procedure: after placing the cleaned base plaa stable and level position, the bucket isdilwith 6-7
litres of fresh SCC before pre-wetting the innaefaze of the cone and the test surface of the plase using the
moist sponge or towel and finally placing the canéhe centre of the 200 mm circle of the baseepl@he cone
is then filled with the sample from the bucket witth any external compacting action such as rodaing
vibrating. After a short rest (no more than 30 selsofor cleaning and checking the moist state ef tést
surface), the cone is lifted perpendicular to tlasebplate in a single movement, in such a manrartiie
concrete is allowed to flow out freely without atstion from the cone, and the stopwatch is statiednoment
the cone loosed contact with the base plate. Tdm&ttch is stopped when the front of the concriesé tbuches
the circle of diameter 500 mm. The stopwatch readnrecorded as the T500 value. The test continundidl
concrete flow has ceased. The largest diameteneoflow spread on the base pladgay, is measured together
with the one perpendicular to ixerp USiNg a ruler (reading to nearest 5 mm). The pléiow spreads (figure
la)is the average of diametetig,, andd,ep, and is expressed in mm to the nearest 5 mm:
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Figure 1: fresh SCC test apparatus. A) Base ptadeddorams cone; B) L-box test and C) V-funnel test.

Figure 2: fresh SCC test execution. A) slump siir&) L-box test and C) V-funnel test.
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2.3.2. L-box test

The method aims at investigating the passing gllitSCC. It measures the reached height of freé3@ Sfter
passing through the specified gaps of steel badsflawing within a defined flow distance. With tmeached
height, the passing or blocking behaviour of SCE loa estimated.

Apparatus: the apparatus consisted of an L-box with possibility of using two types of gates: onighvd
smooth bars and one with 2 smooth bars with gapkl afnd 59 mm, respectively. A suitable tool foswing
that the box is level i.e. a spirit level and busker taking concrete sample [5] are made avaglabl

Test Procedures: after placing the L-box in a stalold level position, the vertical part of the Lxl® filled with
12.7 litres of fresh SCC. The concrete is allowedést in the vertical part for one minute (z 1@mls) to
verify whether it is stable or not (existence ofregation). The sliding gate is lifted to let threncrete flow out
of the vertical part into the horizontal part oéth-box. When the concrete stops moving, the aeedistance,
noted as\h between the top edge of the box and the concratadlached the end of the box, at three positions,
one at the centre and two at each side are mea&jred

The passing rati®_ or blocking ratioB_ are dimensionless quantities expressed to thesie@01:

PL =Hmrz.x: (3)
_ H
B.= 1-Hmnx (2)

2.3.3. V-funnel test

The V-funnel flow time is the period of time a defd volume of SCC needs to pass a narrow openihgiaas
an indication of the filling ability of SCC providethat blocking and/or segregation do not takeeléte flow
time of the V-funnel test is to some degree relatetthe plastic viscosity [5].

Apparatus: V-funnel is a v-shaped funnel made eklstwith a flat, horizontal top and placed on ieailt
supports, and with a releasable, watertight opegatg. A stopwatch with the accuracy of 0.1 sedemieded
for recording the flow time. A straight edge fordding the concrete, buckets for taking concretaa and
moist sponge or towel for wetting the inner surfatéhe V-funnel form part of the apparatus.

Test procedure: the cleaned and wet V-funnel withtbp opening horizontally positioned and the &thdoor
closed is placed vertically on a stable and flatugd. The funnel is filled completely with a sampleSCC
without applying any compaction or rodding. The rfahis then lifted and placed above a containeprgef
opening the hinged door and starting the stopwdthh.stopwatch is stopped at the end of the SC& diod the

reading is recorded as the V-funnel flow tifie

The V-funnel flow timet,, is the period of time from releasing the gatehte &nd of flow, expressed to the
nearest 0.1 second.

3. Reaultsand Discussion

The main aim of this experimental research is ml fout the effects of addition of limestone on flov
properties of self-compacting concrete containifghhrange water reducing super-plasticizer. The dmtten
from the tests are hereby analyzed. The analysesaaried out through statistical tools by usingleésa, charts
and graphs.

The fresh properties of Self-compacting concrei warying percentage of limestone powder are yaeal.
The rheological properties of SCC mixes with vasiquercentage of replacement of cement with limeston
powder are determined by conducting tests sucHuaspsflow test, L-box test and V-funnel test foetfive
samples considered for this research.

3.1. Slump flow and Txg results
The SCC mixtures presented a slump flow betweemm@&nd 685mm which is an indication of a good
deformability. The slump flow and thesgh time varied in response to the dosage of supestipizer and

percentage of the limestone powder. Fi&l' sample with 20% lime stone replacement had thbdst slump
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flow and the least by time followed by5L{'C’y with extra dosage of super-plasticizer as casdem in figures 3
and 4 respectively.

Slump flow test
690
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E
E 670
£ 660
E 640
2 SCC1 SCC2 SCC3 SCC4 SCC 5
M slump flow 680 658 666 672 685

Figure 3: Bar chart showing slump flow diametesamples

T5 test
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Fig 4: bar chart showingsd, time of each sample

3.2. L-Boxresults
From figure 5, the blocking ratio of the SCC sarspdee in the range of 0.87s to 0.95s which is dication of
a good passing ability between congested reinfoecgnThe passing ratio seems to increase in priopdd the
percentage of limestone powder without any incréasthe high dosage of super-plasticizer. It carsben that
up to 20% of cement can be replaced by limestomelpowithout affecting the passing ratio of SCC.

L-box test
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Figure 5: Bar chart showing passing ratio of sasple
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3.3. V-funnel test results

From figure 6, the flow time of the SCC samplesiarthe range of 10.05 to 11.52s which is an initicaof a
good flow-ability. The SCC5 sample with 20% limestacontent had the fastest flow time, followed IGCS1
with 0% limestone and 20ml extra dosage of supastizer.

V-funnel test
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=]
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SCC1 SCC2 SCC3 SCC4 SCC5S
M Flow time 10.39 11.52 10.8 10.65 10.05

Figure 6: Bar chart showing Flow time of samples
4. Conclusion

This research work aimed at verifying the workapitind rheological properties of self-compactingaete
developed using various dosages of limestone poamdérsuper-plasticizer. The self-compacting abtbitythe
SCC samples were confirmed by testing for the faity, filling ability, passing ability and segyation
resistance using the slump flow test, V funnd, tedox test and V funnel atsf;, test respectively.

The results obtained confirmed that a concrete urixtthat flows under its own weight, passes through
congested reinforcement and resists segregatiome&anade using Limestone powder and super-plasticiiz
was also confirmed that limestone powder can bd ts@&nhance the workability and rheological prtiperof
Self-compacting concrete.

Reference

[1] Ede, A. N. (2010): Building Collapse in Nigarithe Trend of Casualties in the Last Decade (220Q0).
International Journal of Civil & Environmental Enggering Vol: 10 No: 06, pp32-42

[2] Okamura H. and Ouchi M. (2003,) Self Compactdgncrete Journal of Advanced Concrete Technology
Vol 1, No 1, pp 5-15.

[3] Khayat, K.H. (1999), Workability, Testing, amerformance of Self-Consolidating Concrete, ACI téial
Journal, 96-M43, pp. 346-354.

[4] Lambros, V.B. (2003), Self-consolidating cortere rheology, fresh properties and structural bisha,
Theses and dissertatiorByerson University, Paper 23, p.152

[5] Schutter, G. DE. (2005), Guidelines for TegtiRresh Self-Compacting Concrete: European Research
Project: Measurement of Properties of FreshSelf4amting Concrete.

[6] Shah, N.S., Shelake, A.S., Shinde, A., Bag&aieJadhavar V., Sutar, S.S.,...Madas N. (2009)li&ation

of Industrial Waste in the Manufacturing of Selfr@macting ConcreteDepartment ofCivil Engineering Shivaji
University, p.94http://www.scribd.com/doc/54580023/Project-RepartRelf-Compacting-Concrete

[7] Yahia, A., Tanimura, M., Shimabukuro A. &Shirmeaya,Y. (1999Effect of Rheological Parameters on Self
Compactability of Concrete Containing Various MiaerAdmixtures: Proceedings of the first RILEM
International Symposium on Self-Compacting Con¢i®teckholm, September 1999, pp. 523-535.

[8] Adegbite A. A. (2012). Limestone Powder Effects Fresh and Hardened Properties of Self Comgactin
ConcreteUnpublished student’s project, Covenant Univer€itg, Nigeria.

[9] Mamlouk, M.S. and Zaniewski, J. P. (2006). “Maals for civil and construction engineers”, Pears
Prentice Hall. ISBN-10: 0131477145

27



