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Abstract: Problem statement: Production of concrete is always deal with incstesicy. Sources of
variation like materials from different geographibasis, mix design method, fineness of aggregates
and so on will attribute to different level of aehément of the concrete. Even though researcher had
verified that higher fineness modulus of sand woyiédd better performance for the concrete, but so
far there have been scarce amount of paper repontélde mix design method adopting high fineness
modulus of sandApproach: This study discussed the revolution of design prigportion towards
achieving high strength with considerably cementtent using local availably constituent materials.
A total of 15 mixes was casted till to the highesigth at more than 65 MPa was achieved. The
compressive strength and workability of each mixesre presented. The method of mixture
proportioning was begun with British Department BExivironment (DOE) method. Then, rational
design method of achieving high strength concrete developedResults: At the end of experimental
program, it was found that DOE method was not bigtéo apply in designing high strength concrete.
12% was the optimum level of replacement of thaltbinder content by silica fume. Further increase
of total binder content without adjustment to thmoant of aggregate content has decreased the
strength achievement of the concrete. Very coangeaggregate with fineness modulus 3.98 increased
the compressive strength of the concrete in laxgené The increased of superplasticiser from 2t6%
2.5% has decreased the compressive strength afotierete.Conclusion: The rational mix design
approach was developed. A Grade 70 concrete candoeiced with moderate level of cement content
by this approach.

Key words: High Strength Concrete (HSC), super plasticizemgriess modulus, Department Of
Environment (DOE), rational mix design, normal caate, superplasticiser dosage,
constituent materials, silica fummementations amount

INTRODUCTION To attain high strength, specific mix proportiagin
method and the constituent materials are strictly

P : lected as the requirements are gaining stringent
The application of High Strength Concrete (HSC)Se X ?
is gaining popularity in the built environment. &n (Caldar_on_e, 20.09)' leferent methods  of mix
1960s, when the ready mix high strength concrete igroportmnmg arises different amount pf composite
readily available, the trend of using rigid stetelisture Mmaterials proportions even thoggh targetlng_thelalm
in high rise éonstruction has slowly shifted to Ztre_ngth. -Bu:, Hog% of the colnflrmed _ffacts IS thf’ﬂ -th
. . : esign mix o must apply a specific proportiani
:;(ca)lrr:z?gct:gdstfggtcljrgeussitr:;CtlilJrSeC.: Egcsjagirr;[glsst éz'sgrectelmethod. Up to 50% saving in cement consumption can

. , “Rttain by specific proportioning method for the
superseded the steel structures in both high risgqivalent 28 days compressive strength rather than
constructions and other civil engineering workseTh ~onventional designing method for normal concrete.

concrete possess high compressive strength comegynsequently, a great reduction in energy generiated
with lots of valuable properties, such as high alma  the production cement and saving in cost of pradoct
resistance, stiffness, low permeability, higherjs enabled by it (Alvest al., 2004).

durability, higher early strength gain and lowerstco The incorporation of pozzolonic materials is
per unit load. (Caldarone, 2009; Naidu, 1995; Earlypresently an all round method to attain high stteng
High Strength Concrete Advantages and Challengewhile maintaining lower cement amount and partially
2008-20009. reduced the problems of thermal shrinkage, self-
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desiccation and Silica fume, also known as miciazsil Experimental program: 6 cubes with dimension of
is one of the promising by-products from productadn 100x100x100 mm casted for each mix proportions to
silicon and ferrorsilicon act as the key openingtfte  determine their compressive strength according $o B
gateway to achieve high strength, both early atef la EN 12390-3, 2009 while the slump test is done in
age. It contributes both pozzolonic and filler efféo  accordance with BS EN 12350-2, 2009. The specimens
the concrete, but more dominantly in filling effectue  were tested at the aged of 7 days and 28 daysf e
to its extremely fine particle size. As a result, i specimens were allowed to cure in water at temparat
drastically increases the water demand of the meéxtu 23 + 2 °C until the age of testing. A series of was
but it can be overcome by incorporating high rangedesigned to have compressive strength of 60 MR8 at
water reducing admixture like superplasticiserdays using DOE method. About 8-10% of silica fume
(Caldarone, 2009; Neville, 1995; Khatri and was added to the cementations compound using 1% of
Sirivivatnanon, 1995; Ravichandraet al., 2009; superplasicizer to control the workability. In Briss
Roshanet al., 2010 The finely divided particles reacts mixes, the concrete was designed by adopting the mi
aggressively with calcium hydroxide when addechto t proportion proposed by Neville (1995). In C series
fresh concrete and forms calcium silicate hydnatéch ~ mixes, the total cementations material was inciebése
enhance the resistivity of concrete towards chedmicas10 kg/mi while the water binder ratio, aggregate
attacks and compressive strength (Caldarone, 2008). contents, superplasticiser dosage was maintainéd as
filler effect is resulted by the extremely fine (<1 B series. The D series mixes was designed accotding
micrometer) particles. It refines the microstruesuy ~ ACI method (2007) and Metha / Aitcin Method (1990)
better particles packing in the interfacial zond apnce  with some rational modifications and the design mix
creates smaller pores which also enhance both itityrab process was further elaborated.
and strength of HSC.
Mix design procedure: Compressive strength was

MATERIALS AND MATHODS targeted to have 65 MPa and Table 2 was used to

fstablish standard deviation (S), the required ageer

Ordinary Portland cement and condensed silic rength would be:

fume were used throughout the whole experimentasl3
program. The specifications of both cementitious

compounds are shown in Table 1. The original river " = 1.10fc’ + 4.8
sand (specific gravity =2.51; fineness modulus $4p. = %612 ﬁg) +4.8
= 76. a

used in the A series mixes in this experiment vwaed
in the laboratory. The particle distribution curvase
shown in Fig 1. Crushed granite (specific gravity =Estimate water content and air content:
2.70) of nominal maximum size 19 mm, was used asncorporation super plasticizer by 2% of total tEnd
coarse aggregate. The fine aggregate was thegeight into the mix would reduce the water demand.
modified, passed through 4.75 mm sieve with finenesyoce the water content estimated from Table 3avou
modulus of 3.98 was used in the B, C and D series %Ye redLJced by 10%

mixes. The particle size distribution curves of ified . y o . : o

fine aggregate are shown in Fig. 2. Conplast SR.180 With that consideration, the following criteriacha
chloride free superplasticizing admixture based orP€€n used:

sulphonated naphthalene polymers which complying ) . )

BS 5075 was used as super plasticizer throughaut trr Nominal maximum size of aggregate, 19mm
experimental program. * Fineness modulus of sand, 3.98

Table 1: Chemical composition of ordinary portlaceément and Target slump, 25-50 mm,

silica fume « Non-Air entrained concrete,
Ordinary portland « The water content estimated from Table 3 is 190
' Cement Silica fume . kg, less 10% (19kg)
Constituent (%) by weight (%) by weight
Lime (CaO 64.64 1.0% (max) _ _
Silica (Si02) 21.28 90% (max) Table 2: Required average compressive strength wlaén are not
ﬁ\gunm(ljr;(?éém'%'o?oa 5365)6 1-220%//0 ((Tn%?) available to establish a standard deviation (Anaeric
. . 0 H .
Magnesia(l gOC} 206 0.6%(max) Concrete Institute, 2007a; ACI 318-08, 2008)
ﬁtzjlghurTrloxo e(SOS)O%.éM 0%.3’(&(ma)x) Specified Requiredaverage
. .o070(mMax i i
Loss of Ignition .62 6% (max) compressive strength _ compressive strength
L|mSe saturation factor 52?3% ----- f'c, psi fer, psi
.oz Less than 3000 fc’ + 1000
C2S 2145 - )
&5n T 3000-5000 fc’ + 1200
C4AF 102 e Over 5000 1.10 fc’ + 700
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Table 3: Selecting proportions for normal, heavghieand mass concrete (American Concrete Instidd@7b; ACI 211.1-91)

Approximate mixing water and air content requiretador different slumps and nominal maximum sizésaggregates (Sl), non-air entrained
concrete

Water, kg cuit, for indicated nominal maximum sizes of aggregates

Slude, mm 9.5 125 19.0 25.0 37.5
25-5 207 199 190 179 166
75-100 228 216 205 193 181
150-175 243 228 216 202 190
Approx. amount of 3.0 25 2.0 15 1.0

entrapped air, (%)

Table 4: Example constituent material combinatimngastes of varying W/B ratio (Caldarone, 2009)

Specified <35 35-55 55-80 80-120
Compressive [5000] [5000-8000] [8000-11500] [11.800500]
strength, MPa [psi]

W/B Ratio ] >0.45 0.45-0.35 0.35-0.29 0.29-0.25
Chemical admixture #1 Optional WRA or HCA HCA HCA
Chemical admixture #2 Optional WRA or HRWR* RMVR*

SCM #1 Optional Fly ash or GGBS FI% ash or GGBS aalg_ or GGBS
SCM #2 Not necessary Not necessary ptional SFKOrM

Table 5: Mix proportions of all mixes

Constituent materials ASFO ASF8 ASFlO BSF5 BSF18FR BSF15 CSFO CSF5 CSF10 CSF15 DSFO
DSF12 DSF12* DSF12**

Cement (kg i) _ 488 488 488 470.0 450.0 4356 421.0 510 0 484 59 04 433.0 495.0435.6  435. 6 435 6

Silica Fume (kg ri) - 39.0 488 25.0 45.0 59.4 74.0 51.0 77.0 59.4

Total Binder (kg ml) 488.0 527.0 536.8 495.0 495.0 495.0 495.0 510.00.06 510.0 510.0495.0 495.0 495.0

Sand (kg it 497 497 736 736 736 736 736 736 736 736 68D 6 689 689

V\;;gregate( ) 1160 1160 1160 1118 1118 1118 1118 1118 1118 1118 1118 1033 1033 1033 1033
ter (k mg 205 198 198 198 198 204 204 204 204 18B.21 183.2 171

Superplast|C|zer (k% r% 4 88 488 488 99 9.9 9.9 9.9 10.2 10.2 10.2 219.9 99 99

Note:

* A SFO

l Ly Percentagef silica fume
Series of mixes
**  DSF12* was referred to the mix applied the gamix proportions as DSF12 but original river savas used instead of modified sand

** DSF12** was referred to the mix applied the samggregate and binder content as DSF12 but tregydas superplasticer was increased to
2.5% and water binder ratio kept at 0.35

There is no further adjustment on the water cdnten The previous mix with 488 kg binder content was
as fly ash or ground granulated blast furnace iSlf@t done. A slightly increase of binder content to 445

revised water = 171 kg.

From Table 4, the air content was estimated to b‘l’—lence try B = 495 kg
2%. As suggest by Caldarone (2009), 0.5% reduction

is done to the air content as HRWR would use in thq:lne and coarse aggregate contentThe volume of
mixture. Hence, the revised air content is 1.5%hef fine aggregate was kept at 40% from the total agee
mixture. ontent. (Mehta and Aitcin, 1990; Mehta and Montgiro

Target water/binder ratio: From Table 5, the feasible 2006).

water-binder ratio was in the range of 0.29-0.35. A

incorporation of silica fume would increase the evat BY absolute volume calculation:
demand of mixture, W/B ratio of 0.35 was chosen to

apply in the mixture. Cement volume = 495/3.15 (1000)
: : = 0157
Estimated binder content, B: Water = 171/1000
= 0.171m
B = 171/0.35 Hence, aggregate content = 1.000-0.015-0.157-0.171
= 489 kg = 0657
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Linear/logarithmic coordinate plot of cumulative undersize

Test Specimen : River sand
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Fig. 1: Particle size distribution of original riveand
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Fig. 2: Particle size distribution of modified riveand
Fine (F) to Coarse (C) Ratio = 23 C = 1033
Specific gravity of fine aggregate = 2.51 F = 2/3(1033)
Specific gravity of coarse aggregate = 2.70 = 689 kg.
F:C
2:3 Final revision after mixing: In order to cast for the
specimens with 12% of silica fume as replacement to
F=2 total cementitious content, it was found that the
3 minimum water content necessary to particle susface

was 183 kg it so the water/binder content became 0.37.
Fine aggregate volume + coarse aggregate volume

=0.658: RESULTS AND DISCUSSIONS
2c + c -0657 The performance of all mixes including
3*2.51*1000 2.70*1000 consistency, compressive strength and the assessmen
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of cement and binder efficiency were presented irwithout silica fume in each series respectivelytidtal
Table 6. The evolution of the CompreSSive Strength'nix design approach emp|0yed in the D series mixes
approaching high strength was clearly shown. also showed significant improvement as compared to
The highest compressive strength in both 7 and 2¢he previous mixes. The highest cement and binder
days was achieved by DSF12, attained 63.2 and 70&ficiency indices were achieved by the DSF12 trial
MPa respectively. Compared to the A series miXes, t mixes 0.162 MPa Ky and 0.143 MPa K¢

compressive strength was increase in two order ofegpectively. Compared between the highest andsowe
magnitudes. From the B series onwards, the usiag thcement efficiency index at 28 days, which is betwee
exactly same materials (same fineness modulusmaf sa psE12 and ASFO the value was increased by 116 %.
as well), the rational approaches as describeldeinrtix  The highest binder efficiency index at 28 daysther D
design procedures was drastically increased thggries mixes of 0.143 MPa Rgwas also increased by
compressive strength of concrete in the evolutions7 134.9 and 49.0% compared to the highest value in
process. As compared to mixes of ASF10, BSF12ang¢he A B and C series mixes respectively.

CSFO which attained the highest compressive sthengt

in each series, the strength obtained by DSF12 waSilica fume as cement replacementin A series
increased by 145, 70.4 and 78.5% respectivelydays  mixes, inclusion of 10% of silica fume to the miseu
and 45.0%, 34.7% and 43.8% respectively in 28 daydvas able to increase the compressive strength [3¢32

In the D series mixes, it showed an abnormally higr®S compared to control. Both cement and binder

development of compressive strength in the firdays. efﬂmengy was also increased 33.3 and 21.3%
. . respectively at age 28 days. However, results stowe
Under normal temperatur_e water curing conditiohs, t that 12 % replacement of total binder content tigzsi
7 days strength was fall in the range of 79.1-89&% fyme in the B series mixes achieved the highest
28 days strength. This is relatively high compaethe  compressive strength in both 7 and 28&dakis
A, B and C series mixes which showed only 51.7-was due to the ultra fines particles allowed better
55.761.0-70.8% and 65.8-72.1% respectively. packing of the composite materials and hence dedsif
the interfacial transitions zone. It would then ante
. - L the efficiency of load transfer in the micro sturet of
Cement and binder efficiency indices:Cement and  pardened concrete. Other than that, the formation o
binder efficiency indices is a ratio of compressivecalcium silicate hydrate by silica fume was alstpbéd
strength possess by concrete to the amount of demeto improve the performance of concrete (Caldarone,
and binder in unit kg per cubic meter. The indiaesa  2009). However, further increase of silica fume
measure of effectiveness of total cement or bindefeplacement level to 15% adversely affected the
amount use to develop the compressive strength of ZMPressive strength. The strength was dropped by
concrete (Chanet al., 2001). In this study, the results 10.9%. It might be due to the excessive amountiliohs

h d th he i . t silica f fume resulted incompatibility between the composite
showed that the Incorporation of silica fume Wwasy,aiarials. The results obtained in B and C serig®sn

marginally increased the cement efficiency indioés  contributed to the decision to choose 12 % replarem
the mixture. In A and D series mixes, the value@8&t of total cementitious amount by silica fume in the

days were increased by 33.3% and 26.6% comparegkries mixes. The result obtained was finally 8.6%
between the mixes attained highest value and mixe@reater than the target strength (65 MPa).

Table 6: Average test results of all trial mixesohcrete
ASFO ASF8 ASF10 BSF5 BSF10 BSF12 BSF15 CSFO CSFSF1Q CSF15 DSFO DSF12 DSF12*

DSF12**
Slump (mm) 170 30 10 25 18 16 10 35 28 18 9 65 25 8 8 120
Compressive strength (MPa)
7 days 20.5 222 25.8 30.7 30.7 371 324 354 28811 313 541 63.2 489 59.3
28 days 36.8 42.9 48.7 48.3 50.3 524 46.7 49.1 6 39443 476 63.5 70.6 61.8 66.3
Cement efficiency (Mpa Kg)
7 days 0.042 0.045 0.053 0.065 0.068 0.085 0.07P690.0.058 0.068 0.072 0.109 0.145 0.112 0.136
28 days 0.075 0.088 0.100 0.103 0.112 0.120 0.110960 0.082 0.097 0.110 0.128 0.162 0.142 0.152
Binder efficiency (Mpa kd)
7 days 0.042 0.042 0.048 0.062 0.062 0.075 0.069690.0.055 0.061 0.061 0.109 0.128 0.099 0.120
28 days 0.075 0.081 0.091 0.098 0.102 0.106 0.09D960 0.078 0.087 0.093 0.128 0.143 0.125 0.134
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Consistency of concrete: The consistency of the strength at 7 days over 28 days for DSF12 and DSF12
concrete is access by the measure of slump in thiwas 89.5 and 79.1% respectively. It was differeduab
study. For every series mixes, the slump was retluce1l0%. Furthermore, the statistical results in B &hd

drastically with the incorporation of silica fum&he  series was also showed higher strength gain inyg da
higher the amount of silica fume, the lower themgdu  compared to A series mixes.

achieved by concrete. This is due to the relatileige
surface of micro S|I_|ca particles needed a Ic_>t Meater  Mixture proportioning of concrete: From B-D series
to surface of particles to perform hydration praces miyes the statistical average results showed figni

The increased in superplasticer dosage from 2.%2.5 ., 4nqi ; ; t th hi ts of
by weight of binder in the DSF12** has increased th goiggel?g Irjl-h?:mgazsnsé\i/ﬁg S \r,\?;g dl?g |et(\)/emrﬁir:(tsuré)

slump drastically even thought the water cemerib rat proportioning of concrete as specimens were prepare

was reduced from 0.37-0.35. In addition, the reduoe : ! . :
fineness modulus of sand as proved by DSF12* waBy the same constituent ma\_terlals. The mix proposi
also able to increase the slump of the mixes of B series mixes was simulated according to the
' literature showing to have compressive strengthldf
MPa at 28 days and slump 230mm. (Neville, 1995).
the B and C series mixes were able to illustrage th Hpvyever, during mixing process, it was found tmﬁt.
effects of increase in total binder content to the L um water content required to wet the entire
. . . surface of particles was 198 kg/istead of 143 kg/th

performance of the mixes. It displayed that theease

: | . in the mi - as shown in literature. The alteration in watertean
In total cementitous amount in the mixture prom¥ 5,4 other deviations of properties of constituent

has negative effects on the compressive strength Qfaterials changed the entire properties of conaaste
concrete. The highest compressive strength wagompared to literature. The total weight of comsitt
reduced by 6.3%. For the same replacement per@&ntagnmaterials of B and C series mixes was 2557 KYamd
5 and 10 % both showed a decrease value, by 18.0 ap578 kg/ni respectively. This density was unable to
11.9 % respectively at 28 days strength. Howear, f achieve by the normal weight constituents mateiials
the 15% replacement, the compressive strength valugardened concrete. In addition, the absolute volofme
slightly increased by 1.9%, which is insignificant both series was in the range of 1.066-1.073 angi71t®
compared to the drop value. Due to economic effectl.084 respectively varied with the silica fume ot
higher dosage of silica fume is also not advisable. There is in no way the absolute volume can exceed 1
For D series mixes, it was designed properly by

Fineness modulus of fine aggregatesThe fineness referring to the specific methods. The total densit
modulus is the sum of accumulate percentage retainevas between 2398 kg 2410 kgm® and the
on specific sieves divide by 100 (Legg, 1998). Tirer absolute volume was between 0.98-0.99. The fineness
sand was modified by the elimination of undersife o modulus of sand, incorporation of silica fume and
600 micron particles, attained fineness modulug.3.9 superplasticizer, optimum fine to coarse ratio in
This modification has resulted the silt and clapteat ~ order to obtain minimum percent of voids and lowest
reduced to 0.17%. These factors were partly resplens possible of water binder ratio to obtained desired
to the better strength development of concrete. Alump have been considered in the design mix
drastically change in the 7 days compressive sthetog ~ Process. _Therefore, the highest compressive stnengt
the mixes using this modified river sand as finewas obtained.
aggregate. The highest 7 and 28 days compressive
strength attained by the A series mixes using oaigi
river sand was increased by 145 and 45% respegtivel From the experimental investigations, several
compared to the DSF12 which casted using modified . . ’
. ; . conclusions as follow can be drawn:
river sand as fine aggregate. The different between
mixes DSF12 and DSF12* was only the fineness . - .
modulus of sand used in the mixture. DSF12* was A high strength concrete attaining compressive
prepared with the original river sand (fineness oiosl strength 70.6 MPa at 28 days and high early
= 2.94). The compressive strength showed by DSF12 strength development at the first 7 days of 63.2
was 29.2 and 14.2% higher than DSF2* in 7 and 28 MPa can be produced using the mixture
days respectively. Other than that, the highernfiss proportioning method as described above
modulus of fine aggregate has also resulted higher Increasing fineness modulus of fine aggregates,
strength gain in 7 days. The ratio of compressive  minimizing clay and silt content in sandand
1567
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incorporation of silica fume
encouraging effects in compressive strength
Incorporation of silica fume has increased the
water demand drastically or adversely affected the
consistency of the mixture

The mix design of concrete showed in literaturesBS

was difficult to achieve due to the deviations in

constituent materials, especially from differentB

geographical status

By applying same constituent materials, specific
mixture proportioning method enabled the high
strength achievement with high cement and binder
efficiency indices
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