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ABSTRACT

The application of mineral additives in concrete mix design for the purpose
of obtaining high concrete strength is experimented in this study. A proportion
of silica fume, Metakaolin and Superplasticizier are add to conventional
cement-aggregate mix in different proportions and a compressive strength
of about 60N/mn is targeted. Multiple regression models were then applied
to the experimental data and predictive models obtained for 7, 14 and
28days. The basic observation seen by introducing two kinds of mineral
additivesisthat 28th day strength of concrete with metakaolin gave a strength
of 76.04N/mm? at 10% replacement level while silica fume produced a 28th
day strength of 73.76/mm2 at the same optimum replacement level with an
average error of about 3.85% estimated between the experimental and
predicted data.

Keywords: Metakaolin, Superplasticizier, High Srength Concrete, Slica
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INTRODUCTION

The need to have high strength structural elementsto carry loads especialy intall
structureswithout necessarily increasing the size of the membershas necessitated the
investigation of theintroduction of supplementary cementationsmaterialssometimes
called mineral additivesor pozzolans. Hence, itisimportant that concrete gainsgood
early strength by introducing these mineral additives compared to ordinary concrete
production. High strength concrete hasextraordinary rheol ogica propertiesand hence
the deve opment of strengthismorecomplex innaturemgorly duetothephysiochemica
effectsof thepozzolansthat woul d be added in most timesto achieve such high strength
(Aitein, 2003, 2000; Zain, Safiuddin and Yusof (1999); Kapelko A., KapelkoM. and
Kapelko R., 2013). Some good attributes of high strength concreteincludes: high
workability, highmodulusof eadticity, high density, low permestiility and high resstance
to chemical attack (Nevilleand Aitein, 1998). According to Dinakar, Pradosh and
Sriram (2013), the European Standard EN 206-2000 and the American Concrete
Institute (A Cl) define high-performance concrete as specially designed concretewith
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oneor moreattributes aslisted above, enhanced through the sel ection of component
materialsin adequate mix proportionsaimed at producing concretewith compressive
strength above 60N/mnat the design age of 28days. From theforegoing high-strength
concrete can be madewith acombination of cement which actsasacheap binder and
any mineral components such asslag, silicafume, metakaolin, fly ash, fillerse.t.c.
(Aitein, 2003; Dinakar, Pradosh and Sriram, 2013).

Silicafumeisknown to improvethe mechanical property and durability of
concrete becauseit can act asfiller which fitsinto space between concretegrains,
similar towhat cement-sand paste doesin the concrete mix. Henceit providesadequate
packing of the concrete particles (Basu, 2003; Abdul and Wong, 2005). M etakaolin
isaprofoundly effective pozzolana and responds quickly asit is produced from
calcinations (Basu et al., 2000; Tiwari and Bandyopadhyay, 2003). It hasthe ability
to supplement silicafumeinareaswhereit isnot readily avail ableand hence becomes
very costly.

Thegod of thisstudy isto devel op amathematica model based onaregression
approach for prediction of compressive strength of above 60N/mm? for the selected
additives. Consdering that the prediction of strength of high-strength concreteisdifficult
dueto the complex nature of the strength gaining process, several researchershave
developed model sto predict the compressve strength whererecent sudieshaverd ated
thewater-cement ratio and the percentage content of the pozzolanic material present
(KapelkoA., Kapelko M. and Kapelko R. (2010); Zain and Abd, 2009; Popovics
and Ujhelyi, 2008). Inthisstudy theimprovement in strength obtained by theaddition
of two kindsof minera additives, silicafume and metakaolinisrelated and predicted
through amathematical model having in mind that most design proceduresto predict
strength are based on normal cement-aggregate concrete.

MATERIALSAND METHOD

Themateridsutilizedinthisexperiment indudewater, cement, fineand coarseaggregaies
and minerd pozzolansof silicafume and metakaolin. M etakaolin was obtained from
Kent and Partners Limited, Onitsha, while silica fume was gotten from Tohabs
Engineering Company, al inNigeria Thephysical propertiesof specificgravity of the
cement, metakaolin and silicafumewerefound to be 3.12, 2.55 and 2.20 with an
averageparticlesize 24, 9.3, and 95.5um respectively. The coarse aggregate used in
thisinvestigation werewell graded with anormrinal sizeof 10-20mmwith aspecific
gravity of 2.60, whilethefine aggregateswhich congtitutes of river ssnd wasclassfied
inzone2with aspecificgravity of 2.67. A summary of thechemical composition of the
cementitiousmaterial isgivenin Table 1. A superplasticizer consisting of 20 per cent
solidswithaspecific gravity of 1.09wasused. Thewater used wasclean at atemperature
of about 29°C. A proper mix design procedurewas carried out to produce the different
mass proportioning asseenin Table 2.
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Table 1: Chemical Composition of Cement, SilicaFume and Metakaolin

% SO, AlLO, CaO FeO, MgO NaO K, 0O PO, TiO, MnO
Cement20.99 6.19 65.96 386 0.20 0.17 060 0.05 040 0.06
MK 5740 3526 0.02 094 018 <001 317 009 043 <0.01
SF 92.06 048 040 211 0.63 0.28 124 002 <001 023
Source: Experimentation, 2016
Table2: Mix Proportionsfor Different Specimens
SPECIMEN %

replacement

using silica Fine Coarse Super

fume or Cement Aggregate Aggregate Water plasticizer

metakaolin

metakaolin  W/b (ko) (Kg) (kg) (kg) (kg)
MC 0 0.29 18.27 27.63 3726 5.13 -
MO 0 0.29 18.27 27.63 3726 5.13 0.18
M1S 5 0.29 17.37 27.63 3726 5.13 0.18
M1M 5 0.29 17.37 27.63 3726 5.13 0.18
M2S 10 0.29 16.47 27.63 3726 5.13 0.18
M2M 10 0.29 16.47 27.63 3726 5.13 0.18
M3S 15 0.29 15.58 27.63 3726 5.13 0.18
M3M 15 0.29 15.58 27.63 3726 5.13 0.18
M4S 20 0.29 14.69 27.63 3726 5.13 0.18
M4M 20 0.29 14.69 27.63 3726 5.13 0.18
M5S 25 0.29 13.79 27.63 3726 5.13 0.18
M5M 25 0.29 13.79 27.63 3726 5.13 0.18

MSindicates mix with silica fume content and super plasticizer
MM indicates mix with metakaolin content and super plasticizer
MC indicates control mix without any super plasticizer

LOI

153
2.52
254

silica
fume
or

(kg)

0.91
0.91
2.04
2.04
2.75
2.75
3.65
3.65
4.57
4.57

MO indicates mix with addition of super plasticizer and no mineral additives
specimens of concretefor 72 moulds of size 150 xX150mmindicating a total of six
moulds for each specimen (three each for the 7 and 28 days compressive test).
The ordinary cement was replaced by the mineral additivesat 5, 10 and 15% for
a constant water-cement ratio of 0.29 which ismade possible through the addition

of the super plasticizer. Source: Experimentation, 2016

Mathematical Model for Smulation of M etakaolin, SilicaFumeHigh Srength

Concrete

Inrecent research, effort isplaced in devel oping mathematical mode for prediction of
strength of concrete. The common regression equation used for this purpose of

smulation of compressivestrength of concreteisdescribed asfollows:

w
Where,

f = Compressive strength of concrete

byb, = Empericd coefficients

% = Water/Cement ratio
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Theapplication of thisconcept in Equation 1isbased on alinear regressonmode for
the prediction of the compressive strength of normal concretewhichisaprogression
from Equation 2 originally developed by Abram (1918).

A

Where,
f = Compresive strength of concrete; A and B areempirica coefficients

% =Water-cement ratio

Itiscommon knowledgethat the compressive strength of concrete decreaseslinearly
asthewater-cement (/) increases, hencethe strength of concreteincreaseslinearly
with cement-water ratio (), which modifiesthe Equation 2to 3.

F=A+B (3
For the purpose of thisresearch, Equation 1 to 3ismodified asfollowstoincorporate
al thecongtituentsusedinthisinvestigation;

f= by+by —+b,FA+b;CA+b,SP+b:MA @)
Equation 4 canaso bewrittenas
Logf =logb,+loghs —+logh,FA+ogh; CA+lo gb,SPHogh;MA (5)

Equation 5isgotten by applying natural log to both sides of Equation 4. However,
Equation 5isthen reverseback to smulate the compressive strength of concretewhich
isthe dependent variableinthe modify equationto give

f=by—b. FAYZ, CAY3. SP¥*, MAPS (6)
Where,

FA = quantity of finesand aggregate

CA = quantity of coarse aggregate

SP = quantity of superplasticizer

MA = quantity of minerd additive (metakaolinor slicafume)

Thecoefficientsh,, by, b,, by, b, and b stand for partia regression coefficientsof f

on" /., when other variablesare held constant.

Thisresearchinvestigation established themodd for compressve strength of concrete
at 7, 14 and 28 daysrespectively in Equations 7, 8 and 9 by obtaining the adequate
regression coefficients.

F,=0.28 + 148.2% - 0.05FA — 0.07CA + 2.15SP+ 0.78MA.. (7)
F.,=053+ 208.35% - 0.11FA — 0.04CA - 32.96SP + 7.17TMA. (8)
F,;=0.67 + 208.84 - 0.25FA + 0.13CA +44.82SP + 7.17TMA. 9
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RESULTSAND DISCUSSION

Specimensweretested to determinethe characteristic compressive strength of high
strength concrete. The cubeswereloaded in acompressivetesting machine at therate
of 0.3 N/mm?/suntil failure. Theresults aretabul ated as shown in Table 3, which
showsthat increasein silicafumeand M etakaolin content, increased the compressive
strength of concretewith optimum replacement level a 10% after whichthecompressive
strength startsto declinewith further increase in replacement level. Tables4 and 5,
Figures1, 2 and 3 givethereationship between thelaboratory determined compressive
strength of concreteand themode ed compressive strength of concrete. Thecompressive
strength resultsobtained inthe study reflectsthat high concrete strength can beachieved
from theinclusion of additives such assilicafume and metakaolin at areduce water-
cement ratio aided by asuper plasticizer to enhancetheworkability of the concrete
materids.

Table3: Compressive strength resultsfor specimens

MIX NO Supplementary Cube compressive
strength of concrete N/mm?

cementitious materials 7days l4days 28days
Mc - 18.3 30.31 34.06
MO - 36.35 56.11 59.06
M1 5%
M1S Silicafume 37.60 58.52 62.67
M1M Metakaolin 42.76 62.74 68.96
M2 10%
M2S Silicafume 44.25 69.03 73.76
M2M Metakaolin 47.14 72.03 76.04
M3 15%
M3S Silicafume 42.18 65.08 69.16
M3M Metakaolin 4581 68.78 73.90
M4 20%
M4S Silicafume 40.20 63.64 66.82
M4aM metakaolin 44.45 67.70 71.70
M5 25%
M5S Silicafume 38.49 56.73 63.11
M5M Metakaolin 44.03 65.69 69.74

Source: Experimentation, 2016

Table4: Regression coefficientsfor 7, 14 and 28 daysfor formulation of models

Coefficient 7Days 14 Days 28 Days

b, 0.28 053 067
b, 1482 208.35 208.84
b, -005 011 025
b, -007 -004 013
b, 233 147 429
b, 215 3296 2482
b, 0.78 717 717
Coefficient of Correlations 0.63 1.0 0.33

Source: Experimentation, 2016
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Table5: Comparison of experimental and predicted resultsfrom models

Mix No Suplementary Experimental Results Predicted Results
Cementous
M aterial 7days 14days 28days 7days 14days 28days

MC - 18.39 30.31 34.06 23.09 35.03 40.90

MO - 36.35 56.11 59.60 39.69 58.43 64.93

M1 5% 15%

M1SF Silica Fume 37.60 58.52 62.67 40.62 65.02 71.79

M1M Metakaolin 42.76 64.74 68.96 40.62 66.02 73.70

M2 10% 10%

M2SF Silica Fume 44.25 69.03 73.76 47.50 69.31 77.28

M2M Metakaolin 47.14 72.03 76.04 41.50 70.41 79.10

M3 15%

M3SF Silica Fume 42.18 65.73 69.16 43.54 63.38 67.58

M3M1 Metakaolin 54.81 68.78 73.90 42.54 65.34 68.24
20% 20%

M4SF Silica Fume 40.20 63.64 66.82 42.47 61.97 64.65

M4M Metakaolin 44.45 67.70 71.70 43.47 67.07 65.04
25% 25%

M5SF Silica Fume 38.49 59.73 63.11 39.43 60.25 62.01

M5M Metakaolin 44.03 65.69 69.74 44.43 63.25 62.32

Source: Experimentation, 2016
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Figure 1: Plot of relationship between experimental and predicted valuesfor 7days compressive strength
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Figure2: Plot of relationship between experimental and predicted valuesfor 14days compressive strength
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Figure3: Plot of relationship between experimental and predi cted valuesfor 28days compressive strength

CONCLUSION

Theagpplication of minera additivesin concretemix designfor the purposeof obtaining
high concretestrengthwasexaminedinthisstudy. A proportion of sllicafume, Metakaolin
and Superplasticizier were add to conventional cement-aggregate mix in different
proportions and acompressive strength of about 60N/mm? wastargeted. Multiple
regression model swerethen applied to the experimental dataand predictivemodels
obtained for 7, 14 and 28 days. The compressive strength results obtained inthe study
reflect that high concrete strength can be achieved from theinclusion of additivessuch
as silicafume and metakaolin at a reduced water-cement ratio aided by a super
plasticizer to enhancetheworkability of the concrete materids. Thefollowing specific
conclusionsaredrawn from thestudy.
I. Thevaluefor compressive strength observed for mixeswith additives gained
higher 7th day strength.
. The 28th day strength of concretewith metakaolin gaveastrength of 76.04N/
mnm?at 10% replacement level whilesilicafume produced a28th day strength
of 73.76/mm? at the same optimum replacement level .
il Theaverage error between the experimental and predi cted datawas about
3.85%.
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