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Abstract: The compressive strength and workability of coret®t partial replacement of cement with nano-phase
Al,O; particles. AJO; nanoparticlesvith the average diameter of 15 nm were used vath fifferent contents of
0.5%, 0.1%, 1.5% and 2.0% by weight. The resultsvgld that the use of nano-8k particles up to maximum
replacement level of 2.0% produces concrete withrawed strength. However, the ultimate strengtltaricrete
was gained at 1.0 wt% of cement replacement. Thekafdity of fresh concrete was decreased by irgirgathe
content of AJO; nanoparticles. It is concluded that partial repfaent of cement with nanophase@y particles
improves the compressive strength of concrete ladredises its workability. [Journal of American 8cee
2010;6(5):6-9]. (ISSN: 1545-1003).
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1. Introduction reviewed by Nazari et al. (2010) [2]. Several reseers
Portland cement-based binders are the primahave demonstrated that the finer the Si@rticle sizes in
active components of concretes used in most modemmicron level, the higher the compressive strengght
construction. The other components are water aridere is a lack of knowledge on effects of ultnaefiand
both fine and coarse aggregate. Binders are madano-size particles on concrete’s properties. Ldiaoung
from Portland ‘clinker’ ground together with a ligt [3] achieved high strengths on compressed samples and
calcium sulfate, and frequently also contain findRichard and Cheyrezy4] developed Reactive Power
mineral powders such as limestone, pozzolaGoncretes (RPCs) with high compressive strength and
(typically volcanic ash), fly ash (usually from ¢oa appropriate fracture energy. The development of an
burning power plants) and granulated blast furnaadtrahigh strength concrete was made possible &y th
slag. Such powders are referred to as supplementapplication of DSP (Densified System containing
cementitious materials (SCMs) since they are used homogeneously arranged ultra-fine Particles) witlpes
replace some of the more expensive clinkemplasticizer and silica fume content [5].
Chemical admixtures such as superplasticisers and In this work, the influences of nano-@; on
air-entraining agents can be added in small amountgorkability and compressive strength of binary bled
to modify the properties of a concrete for specificoncrete has been investigated. The reason fog 8Os
applications. as a partial replacement by cement is the C-A-khdh
Another type of admixtures recently used aralumina-calcium sulfate) gel formation in concretde
nanoparticles. However, there are few reports omajor constituent of a pozzolan is the alumina tzat be
incorporation of nanoparticles in cement-basedmorphous or glassy. This component reacts witbiwgal
concrete. Hui et al. (2003)1] investigated the hydroxide produced from the hydration of calcium
properties of cement mortars blended wittaluminates. The rate of the pozzolanic reaction is
nanoparticles to explore their super mechanical amoportional to the amount of surface area avasldbr
smart (temperature and strain sensing) potentiakeaction. Therefore, it is possible to add nang@ilof a
Also useful applications of nano-Si@re addressed high purity (99.9%) and a high Blaine fineness ea{@0
by the Fuji Chimera Research Institute (2002)m%g) in order to improve the characteristics of came
However, until now, research performed over thenortars [5]. In this study an attempt has been mtade
years has been mainly aimed at achieving higbrove that using new materials, it is possiblelitam HPC
mechanical performance with cement replacementr HSCwith slight increase in cost.
materials in micro level. Recently, the effect aho- HPC and HSC are very useful in constructions and
SiO, particles by adding to blended concrete has beanultistory buildings because they can decreasectbgs-
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sectional area of the structural fundamentals.
2.2. Preparation of test specimens

2. Materialsand M ethods Series N mixtures were prepared by mixing the @urs
2.1. Materialsand mixtures aggregates, fine aggregates and powder materiatsefct
2.1.1. Cement and nano- AIO; particles) in a laboratory concrete drum

Ordinary Portland Cement (OPC) obtained frommixer. The powder material in the series CO mixdunas
Holcim Cement Manufacturing Company ofonly cement. They were mixed in dry condition farot
Malaysia conforming to ASTM C150 standard wasninutes, and for another three minutes after addireg
used as received. The chemical and physicalater. Slumps of the fresh concrete were determined
properties of the cement are shown in Table 1. immediately to evaluate the workability followindhet

mixing procedure. Cubes of 100 mm edge were cast an
Table 1. Chemical and physical properties ofompacted in two layers on a vibrating table, wheseh

Portland cementt. %) Chemical properties layer was vibrated for 10 s [10]. The moulds weseered
Material ~ SiQ  Al,O; FeO; CaO MgO with polyethylene sheets and moistened for 24 kenTthe
Cement 2189 53 3.34 5327 6.45 specimens were demoulded and cured in water at a
Material  SQ NaO  K,O Loss on ignition temperature of 20C prior to test days. The compressive
Cement 367 018 098 301 strengths tests of the concrete samples were detsinat

_ _ 7, 28 and 90 days. The reported results are thexgeef

Specific gravity: 1.7 g/ch three trials.

2.1.2. Nano- Al,03 particles . Table 3. Mixture proportion of nano-&b; particles
Nano— AbO; with average particle size of 15 "My anded concretes

was used as received. The properties of nangd:Al Sample nano- Quantities (kg/r
particles are shown in Table 2. designation  Al,O; Cement nano- AD;
particles particles

Table 2. The properties of nano,® ﬁg (control) (?5 5575(2’5 2075

Diameter  Surface Volume Density Purity (%) N2 1'0 544'50 5'50

(nm) ratio (nf/g) (glen) N3 15 541.75 8.25

15+3 165+ 12 <0.1 >99.9 N4 50 53900 11.00

Water to binder [cement + nano-8k] ratio of 0.40, sand

2.1.3. Aggregates 492 kg/m, and aggregate 1148 kgim

Locally available natural sand with particles

smaller than 0.5mm and fineness modulus of 2.2? . :

.3. Compressive strength of nano-Al,Os; particles
and specific gravity of 2.58g/chwas used as fine | qeq copncretg g 28 partl
aggregate. Crushed basalt stored in the laboratory Compressive strength of nano,B} particles blended

‘év'gé m/axir;mm sizedof 15mm and specific gravity Ofcoment concrete cubes was determined as per ASBSI C
-96 gicm® was used as coarse aggregate. after 7, 28 and 90 days of moisture curing.

2.1.4. Mixture proportioning 2.4. Workability

A total of two series of mixtures were prepared in- - giandard slump tests conforming to ASTM C143 were

the laboratory trials. Senes CO mixtures WeIsed to determine the workability of the concrete.
prepared as control specimens. The control mixtures

were made of natural aggregates, cement and watgr

Series N 3 with dift A tent . Experimental results and discussion
eres Were prepared wi imerent contents ot e compressive strength results obtained from the
nano- AbOs; particles with average particle size of 15

) X experimental investigations are showed in tablas the
nm. The mixtures were prepared with the ceme

N 0 0 o mparison between the results of workability tést
rep_Iacement of 0'5/0.’ 1'OAJ'. 1.5% angl 2.0% b}ﬁresented in form of bar chart. All the values #ne
weight. The water to binder ratio for all mixtuneas

h for th . average of the three trails in each case in théntes
set at 040 [9]. T e aggregates for the m'Xtureﬂogram of this study. The results are discussddliasvs.
consisted of a combination of crushed basalt and

fine sand, with the sand percentage of 30% b
weight. The binder content of all mixtures was 55
kg/m®. The proportions of the mixtures are presenteﬁl“x
in Table 3.

.1. Compressive strength

The compressive strength results of series CO and N
tures are shown in Table 4. Comparison of tiselte
from the 7, 28 and 90 days samples shows that the
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compressive strength increases with nan@®Al rehabilitation and repair of reinforced concreteicures
particles up to 1.0% replacement (N2) and then [iL4]. The water/powder (cement, fly ash, listene filler,
decreases, although the results of 2.0% replacemesilica fume, nano-particles, etc.) ratio of mortard the
(N4) is still higher than those of the plain cementype of chemical admixtures should be determined, i
concrete (CO0). It was shown that the use of 2.0%rder to place the fresh mortar without any externa
nano-AbO; particles decreases the compressiveompaction and at the same time without causing any
strength to a value which is near to the contradegregation [15]. In other words, the rheology aektp
concrete. This may be due to the fact that thetifyan phase of self-repairing mortar should have suitable
of nano-ALO; particles (pozzolan) present in the mixproperties from flowability and segregation poirfitview
is higher than the amount required to combine witfil6—19].
the liberated lime during the process of hydration The workability of CO and N series concrete are
thus leading to excess silica leaching out andingus presented in Figure 1. The figure shows the infbeeof
a deficiency in strength as it replaces part of theano- A}O; particles content on the workability of
cementitious material but does not contribute tonixtures at constant water to binder ratio of 0.Z0e
strength [11]. Also, it may be due to the defectsesults show that unlike the CO series, all ingedé&d
generated in dispersion of nanoparticles that causeano-AbO; particles blended mixtures had low slump
weak zones. values and non-acceptable workability. This maylbe to
the increasing in the surface area of powder aftiting

Table 4. Compressive strength of nang@ilparticle nanoparticles that needs more water to wettingcémeent
blended cement mortars particles.

Compressive strength (MPa)

Sample nano- AbO; 7 days 28 90 days s
designation  particle (%) days
CO (control) 0 27.3 36.8 42.3 !
N1 0.5 30.4 41.1 44.1 6
N2 1.0 317 42.3 46.1 5
N3 15 31.9 42.8 453 Slump (cm) 4
N4 2.0 275 37.7 426 3
Water to binder [cement + nano8k] ratio of 0.40 2
1
0

The high enhancement of compressive strength in
the N series blended concrete are due to the rapid

ﬁogsutmmg fOFf) Ct?(OdH) Wh'Cht was _f(l)lrmetd dllmng Figure 1. Particle size effects of nang@{d on workability
ydration ot Fortand cement specially al earysage,cqncrete, N1, N2, N3 and N4 are the series Md#d

related to the high reactivity of nano-8k particles. concrete with 0.5, 1.0, 1.5 and 2.0 percent of PARG
As a consequence, the hydration of cement C';?articles respe(.:ti(/eI.y’ ’ ' 3
S ' '

accelerated and larger volumes of reaction produ
are formed. Also nano-AD; particles recover the
particle packing density of the blended cemen?1
directing to a reduced volume of larger pores ia th
cement paste.

With the improvement of novel plasticizers, to abta
igh filling rates is possible even for compound |aimg
systems. The fresh characteristics of concretength and
durability of mortars can be improved by the adufitiof
inert or pozzolanig20]. The selection of the amount and
the type of cementitious or inert powdetspends on the
hysical and physico-chemical propertieshese powders
hich are affecting the performance of fresh pasieh as
article shape, surface texture, surface porosityrate of
superplasticizer adsorption, surface energy (zetenpial),
finest fraction content, Blaine fineness and phatisize
9istribution.

3.2. Workability

A high-quality concrete is one which has
acceptable workability (around 6.5 cm slump heigh
in the fresh condition and develops sufficienb
strength. Basically, the bigger the measured hai§ht
slump, the better the workability will be, indiaagi
that the concrete flows easily but at the same téne

free from segregation [12, 13]. Maximum strength o There is no universally accepted agreement on the

concrete ‘$ related to the workability and can dody effect of these factors due to the complex inflgen€ the
obtained if the concrete has adequate degree A mbination of these factors [21]

workability because of self compacting ability. fSel Usually, increasing the fine particles content in

compacting repair mortars, as new techr'()log?,(ements changes the rheological properties of pastd
products, are especially preferred for the
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consequently influences the workability of mortarsthe nano-mechanical signature of Ultra High Perforoe
and fresh concrete mixtures. The observed Chang@gncrete by statistical nano indentation technig@=sn Concr
can be advantageous or not as a result of maff¢s 2008; 38: 1447-1456. .

factors influencing the rheology of cement paste Zivica V. Effects of the very low water/cemerstio. Const

. . uild Mater 2009; 23(8): 2846-2850.
[22]. 1t is usually expected that, if the volume 10] Bui DD, Hu J, Stroeven P. Particle size effectthe strength

Concg_ntratlon Of a solid is held constant, for_ f rice husk ash blended gap-graded Portland cecwamtrete.
specific workability, the replacement of cementhwit cem concr Compos 2005; 27(3): 357-366.

a fine powder will increase the water demand due {@1] Al-Khalaf MN, Yousift HA. Use of rice husk asin
the increase in surface area. This is more observeghcrete. Int J Cem Compos Lightweight Concr 1984): 241-
for nanoparticles blended concrete. However, i348.

some cases, the above-mentioned conclusion is rdg] Lin YH, Tyan YY, Chang TP, Chang CY. An assessit of
appropriate. Lange et al. [23] obtained same resulgptimal mixture for concrete made with recycled aete

with fl h blen nerete. But In thi aggregates. Cem Concr Res 2004; 34(8): 1373-1380.
adtditignasof br?ar?()eﬁ\? go ¢ gﬁficle:t de::rjazteudd!ﬁf:e[lg’] Tattersall GH, Baker PH, An instigation of tkeéfect of
2Us P vibration on the workability of fresh concrete ugia vertical

fluidity and increased the water demand for normqjiloe apparatus, Magazine of Concrete Research 19B@146):

consistency 3-9.
[14] L. Courard, A. Darimont, X. Willem, C. GeersRR.
Conclusions Degeimbre, Repairing concretes with self-compactingcrete:

The results show that the nano,®} particles testing methodology assessment, Proceedings dFitbe North
blended concrete had significantly higherAmerican Conference on the Design and Use of Self-

compressive strength compare to that of the comcrdgonsolidating Concrete, 2002, pp. 267-274.
without nano-AJO, particles. It is found that the [15] Felekoglu B, Tosun K, Baradan B, Altun A, Ugah B. The

cement could be advantageously replaced with nangiect Of fly ash and limestone fillers on the sty and
. . L ... compressive strength of self-compacting repair arert Cem
Al,03 particles up to maximum limit of 2.0% with ~ ./ Res 2008 36: 1719-1726.

average particle sizes of 15 nm. Although, theig) p.F.G. Banfill, The Rheology of Fresh Cememida

optimal level of nano-AD; particles content was Concrete—A Review, 11th International Cement Chamis

achieved with 1.0% replacement. Partial replacemegbngress, Durban, 2003. 13 pp.

of cement by nano-AD; particles decreased [17] C. Lemmer, J. Hartman, T. Wolf, Rheologicabperties of

workability of fresh concrete; therefore use of eup mortars for self-compacting concrete, http://wwwssigbau.tu-

plasticizer is substantial. darmstadt.de/user/ lemmer/web/scc/LeDaCon199.8mpl

[18] C.F. Ferraris, J.M. Gaidis, Connection betwéenrheology

of concrete and rheology of cement paste, AClI MatefJuly—

August 1992) 388-393.

. . : [19] C.F. Ferraris,Measurement of the rheologicalpprties of
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