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become increasingly involved in research aimed at ener-
gy conservation in the cement and concrete industry. This
in part, is being accomplished by encouraging ihe use of
cementitious meterials such as fly ash, slag and pozzolans.

Some attention has been given to the use of silicafume as

a possible additive to enhance the property of concrete.

Silicafume is a byproduct resulting from the reduction of
high purity quarb with coal in electri'. arc furnaces in the
production of silicon ferrosilicon alloys. Silicafume which
contains more than 80 to 86% of silica in the amorphous
form in suitable for use in the cement and concrete
industries.

To achieve no shrinkage concrele and for resistance to
atmospheric and chemical attacks, the addition of
silicafume is useful. But several invesligations (1-4) indi-
cated contradicting results from this point of view. Hence,
in the present investigation the effect of addition of
silicafume and/or superplasticizer on drying shrinkage of
cement mortar is studied.

Experimental Programme

The experimental programme consisted of casting and
testing of 744 standard moriar specimens of. size 25.4 x
25.4x282 mm divided into turo series. The first series of
specimens cast, without using superplasticizer, consisted

of 96 specimens divided into trvo groups based on grade

of cciment (43 and 53), each 48. In each group water to

cement + silicafume ratio (W(C+SF) : 0.35,0.40,0.45
and 0.50), the precentage replacement of cement with
silicafume (0, 5, 10 and 15%) were varied to give 16 set

of specimens. Each set consisted of three identical
specimens. In the second series, 48 specimens were cast,

using superplastic'zer as water reducing agent. The vari-
ables in the second series were the dosage of superplas-

licizer (2, 4, 8 and 10 litters/ 100 kg of cement *
silicafume) and water to cement * silicafume ratio (0.35,

0.40. 0.45 and 0.50). For each variation, three identical

specimens were cast and tested.

Materials Used

Cement: Cement used was ordinary portland cement of

53 grade and 43 grade confirming to IS 12269 and IS

8112 respectively.

Aggregates: The aggregates used in each mix is the

standard sand which confirms to IS 650 - 1991. specific

gravity of thre standard sand used : 2.44

Water: Potable water was used for mixing and curing

purposes

Silica Fume: The mineral admixture used to reduce

drying shrinkage of concrete mix was indigenously avail-

able silica fume. This is also known as micro silica, con-

densed silica fume or silica dust. It is obtained from nearby
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Introduction

The concrete undergoes some volume change due to the

following: settlement of the fresh concrete, chemlcal com-

binations of high alkali cements with certain reactive

aggregates, changes in moisture content, changes in
temperatures and due io applied loads. During the

process of the hydration of cement there occurs change

in volume due to the reduction in volume of the cement
paste. When the cement paste is plastic, it undergoes a

volumetric contraction whose magnitude is about one per

cent of the absoluie volume of dry cement. This shrinkage

is known as plastic shrinkage, as it takes place while the

concrete is still in the plastic staie. Plastic shrinkage occurs

mainly due to the settlement of the cement paste and

bleeding of water to the top, which finally waporates.

Sometimes concrete may swell thus increasing the volume.

This occurs when continued hydration takes place in the

presence of water. Volume change of sealed concrete is due

to the causes other than the moisture movement, change in

tempemture, amount and rate of loading. Such shrinkage is

known as autogeneous shrinkage This occurs in the interior

of large concrete mass.

Drying Shrinkage

When the concrete is exposed to unsaturated air, it gets

dried and in that process wdter is drawn from the con-

crete, leading to the shrinkage of concrete, known as

drying shrinkage. A part of the shrinkage is reversible if
the concrete is exposed to humid atmosphere. In fact the

shrinkage is not equal to the volume of the water
removed. The removal of free water causes little or no

shrinkage. During the process of drying, absorbed water,

the water held by the surface forces of the gel particles, is

removed and this is responsible for the drying shrinkage.

It is also due to lhe removal of zeoliiic water, i.e the water

held between the surface of the certain planes in a crystal.

The drying shrinkage, due to the loss of surface moisture,

causes the differential shrinkage to set up in large mass of
concrete. In addition to the drying shrinkage, concrete

shrink due to carbonation. Carbondioxide present in the

atmosphere reacts with hydrated cement minerals in the

presence of water and forms calcium carbonate to be

deposited in the free space available in the concrete. This

increases the compressibility of the paste. The carbona-

tion shrinkage increases at intermediate humidities.

Silicafume

Silicafume, a pozzolanic material, has received a gredt

amount of attention recently. Several organizations have
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Fig. 2. Shrinkage Strain
vs Age for different
percentage of Silica Fume

Fig. 3 Shrinkage Strarn
vs Age for different
grades of cement

Fig, 4 Shrrnkage Strain
vs Age with and without
sunerplasticizer

Fig, 5. Shrinkage Strain
vs Age for dfilerent water
to cement r Silica Fume
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ferrosilicon industry (Navabharat Ferro Alloys Limited'

Palvancha). The properties of silica fume are as follows:
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Superplasticizet: In order to achieve the required

wo;kability, a superplasticizer known as CONPLAST 430

was used mainly as water reducing agent' It is a product

of sulphonoid naphthatene polymers and is available as

a brown liquid instanly dispersible in water' It has been

specifically formulated to give high water reduction upto

257o withoutloss of workability ortoproduce high quality

concrete of reduced permeability' The properties of

CONPTAST 430 as given by the manufacturer are as

follows:

Specific $avity :

Lime reactivitY :

Specific gravitY :

Chloride content :

CompaiibilitY :

l.22Oto 1.2251o 35 degree C

Nil as per IS 435 and BS 5075

Can be used with alltYPes of

cement dcPqt high alumina

cemenb.

7 1+ 21 28 35

Age (Days)

Fig 1. Shrinkage Strarn vs Age for different percentage of
Silica Fume

43 Grade cem€nt
W/(C+SF)=040

lCl Bulletin No. 65
October - December 1998



Casting and Curing of Test Specimens

For determining the drying shrinkage, prism specimens

were cast in a mould of intemal dimensions 25x25 mm

size and 282 mm length and tested according to IS

4031-1988, Part-10. The length of specimens were

measured using lengih comparater at the age of 7 ,74'2)-,
28 and 35 days afier curing. The average difference in

lengths of three specimens to the nearest 0.01 per cent of

the effective gauge lenglh was reported as the drying

shrinkage. The values of shrinkage streungths and flow

values of the mix obtained are tabulatecl in the Table-1'

The variation in the values of drying shrinkage for typical

combinations of grade of cement, water to cement silica

fume ratio, dosage of super plasticizer are shown in Figs.

11o5.

Results and Discussions

Effect of Variation of

Silico Fume on Drying Shrinkoge

The experimental results presented in table 1 and from

the Fig. 1, indicates that the shrinkage strains decreases

with increase in percentage of silica fume replacing ce-

ment, irrespective of the other variables such as grade of

concrete and water to cement + silica fume ratio. It is also

observed from the Fig.1 and 2lhat at about 757" of

replacement of cement with silica fume, the mix attains

least shrinkage strain. fu the precentage of addition of

silica fume varies from 0 to 15%, the decrease in the

shrinkages strain ranges fron747 to 567 micro strains at

21 100 kg of (C + S) after 35 days for 53 grade cement

at 0.35 water to cement + silica fume ratio. Fig. 3 indi-

cates ihat the drying shrinkage is less for 53 grade cement

compared to 43 grade with the presence of 1ffZo silica

fume.

Silica Fume ondlor Superplosticizer on Drying

Shrinkoge

The experimental results (Fig.a) indicates that the addi-

tion of superplasticizer has a tendency to reduce the

drying shrinkage. The reduction in drying shrinkage is

more in the mixes containing silica fume and superplas-

ticizer compared to the mixes with silica fume as a partial

replacement of cement.

W I G+S) Rotio on DrYing Shrinkoge

Table 1 and Fig.S indicate that for any mix as the Water

to C,ement + Silica fume ratio is increasedthe shrinkage

sirains were increased simultaneously.

Silico Jume andlor super plasticizer on workability of
mortars

fu the quantity of silica fume (as a partial replacement of

cement), is increased, ihe workability of mortars, (indi-

caied by the flow values in Table 1) is gradually decreased

for a constant Water to &ment + Silica fume ratio. The

addition of super plasticizer has increased the workability

of mortars for all percentages of silica fume.

R equir ement of Superpl osti cizer with Voriotion ol
Silico Fume Content

The requirement of superplasticizer to maintain a con-

stant workability, increases with increase in silica fume

content. The quantity of superplasticiser added from 2

ml/kg (Cemcnt + Siiica) io L0 ml/kg (Cemeni * Silica

fume) of each mix (i.e. 0.35, 0.40, 0.45. and 0'50 (w +

sp)/(c+s) ratios) and the percentage replacement of cra-

ment by silica fume was varied from 0 to 157u-

Conclusions

Based on the experimental investigations the following

conclusions were drawn:

* For any percentage of silica fume added, the
shrinkage strain increases with increase in w/(c + s)

ratio. For.w/(c + s) : 0.5 there is more shrinka5;e

strain.

* For any w/(c + s) ratio, the shrinkage strain decreasrzs

with the increase in percentage of silica fume.

* When superplasticizer is added to the mix, tfre
workability increases and thereby the shrinkage strain

decreases to a comparable exteni upto 157o silica

fume.

* fu the percentage of silica fume that is added to the

. mix increases the water requirement increases and the

workability decreases. Least shrinkage strain is ob-

served at 15% replacement of cement by silica fume.
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