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Introduction

The concrete undergoes some volume change due to the
following;: settlement of the fresh concrete, chernical com-
binations of high alkali cements with certain reactive
aggregates, changes in moisture content, changes in
temperatures and due to 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 absolute volume of dry cement. This shrinkage
is known as plastic shrinkage, as it takes place while the
concrete is still in the plastic state. Plastic shrinkage occurs
mainly due to the settlement of the cement paste and
bleeding of water to the top, which finally evaporates.
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
temperature, 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 water 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 the removal of zeolitic 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
shrinks 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 great
amount of attention recently. Several organizations have
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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 the 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 quartz 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 concrete and for resistance to
atmospheric and chemical attacks, the addition of
silicafume is useful. But several investigations (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 144 standard mortar specimens of size 25.4 x
25.4 x 282 mm divided into two series. The first series of
specimens cast, without using superplasticizer, consisted
of 96 specimens divided into two groups based on grade
of cement (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 superplasticizer as water reducing agent. The vari-
ables in the second series were the dosage of superplas-
ticizer (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

IC| Bulletin No. 65

October - December 1998



)

Shrinkage Strain (10

s |sislsRTEsn=nzgsEasge =
:—; = " m\ B0
- X =D AN~ D X T ONS S T ™ s
2 £ o i T L e e . ~ ] H =
2 i L Fig. 2. Shrinkage Strain
= o S SRR S T s (TS R 8. £ E - [ e vs Age for different
=== i} st pion percentage of Silica Fume
e pia ST e St RRc S S S ] e s
Al Y A Y N R R AR A - R
b d n —
- ] 21 n »n
Boe |STX5IE3IZRaIgngng -
w| v PN e N R T S SRG e N R
~ T
- N,_l\—:C‘—Cva‘NcoooL:Ao’c_m
oY |ERYERLITERELITEREE sl s
MJ-;"";C:Z; A2RAEERBAE D 0 e
~ aln SIS v T M Vi S8 D L 8
- 5 NOI\V\VO_O\—MO\ANNV,- Fig. 3. Shrinkage Strain §m
2 |SmC |SCERRICABTITHRRE Vwagdeﬂwtém ¥ L i
S b grades of cement - .
" - NS T 9 Smi-nE o= inG =~ i @
Z = T e it A e == R e
i -r G ™t~ o 30 00 I~ M~ a6 &0 00 M~ o 00 ™
g — : -
g o= o — D T e . . # n »
— 7 e R i = =l e o A Bt
= - + w T OT MLV T T e A W D Tl - 2
s | Al e
o 5 >
-l P by U o~
TV [— ] Y DS = D B0y D
= —_ "= Q_x—:m;mmmvmc\ ~en o
i v;lﬁ ...c'('-"lf||"‘~\__lf|lf|r"=\5\3\!‘r‘-r“-k3~3 1000
& z
a3l |.E Wikl S uparminticised =
—_ ~ — — ey on O 100 —
H(E oe [FEES85YITEREBERRE - g oo
2| | g i§ 55 g __ Fig. 4. Shrninkage Strain
= |= . / vs Age with and without
= |2 Pe |[mom—m—ococmeomnmmnTaNTHD £ oo 118 u
o 5| [22 |95F SH-@-nHoaITo TR 5 l—x e superplasticizer
43 Grede Comami
: % ; 0 W Bupmrplaadicizer
Fa Al 9 — O = s- i D O 000 000000 OV D WD . .
= =1 M= D INORTIRT P 1 " a " "
- oy 71 L T S J P R e T B T TR e SRR B~ | A (Caps)
3 ]
o) &) G OG T D W DT T
=a o~ ——’“’Q’-’JN—-:\(IU‘.—ENMNU"V:'N
= s e e = L L Tl P TV S Y- R
-
=
T coocooocoooegoo22 I
7 cs [BNERESSRIZERESER % ¥ AR
m? |lNames——eseid—ciainicd 4 ! s
" S R BT R Fig. 5. Shrinkage Strain £
=3 vs Age for different water  §
= NnowocCoMenoNoT SO0 to cement @ Silica Fume & ol e
o O R R ARR L8838 R ratio { w
Sie" Essaanasaanan o . B
~ - S T B m] 3 ;f..'i_:‘.?’.ff."-:&
e SN 282I3R3I8eR3 ' " 5 n ss
ES@amning=m=wnearnhn3 e,
o] T B T o W = B S o T e e, B, ol
R - = - o S R R ]
e ST S I et B A o M S B o B | ~
z enS Vo2 NenSnoni ferrosilicon industry (Navabharat Ferro Alloys Limited,
= -l NS . 1
5 Palvancha). The properties of silica fume are as follows:
1o Wil npdriors seRg igliReaie ) Specific gravity 1.84
- ccvvvv-,oooooooocj Lime reactivity 2.34mpa
. = = 5 Superplasticizer: In order to achieve the required
1000 + workability, a superplasticizer known as CONPLAST 430
- SF=0% was used mainly as water reducing agent. It is a product
800 + of sulphonoid naphthalene polymers and is available as
a brown liquid instanly dispersible in water. It has been
600 + specifically formulated to give high water reduction upto
 SF=5% by |y 25% without loss of workability or to produce high quality
raae men .pe N
400 + By W/ (C+SF) = 0.40 concrete of reduced permeability. The properties of
CONPLAST 430 as given by the manufacturer are as
SF=15"%
200 4 ) follows:
Specific gravity 1.220 to 1.225 to 35 degree C.
0 = ' ; ;s Chloride content : Nil as per IS 436 and BS 5075
7 14 - 4
A - 35 Compatibility Can be used with all types of
A ' :
. . ge (Days) cement except high alumina
Fig 1. Shrinkage Stramn vs Age for different percentage of cements
Silica Fume '
40 October - December 1998

1CI Bulletin No. 65



Casting and Curing of Test Specimens

For determining the drying shrinkage, prism specimens
were cast in a mould of internal dimensions 25 x 25 mm
size and 282 mm length and tested according to IS
4031-1988, Part-10. The length of specimens were
measured using length comparater at the age of 7, 14,21,
28 and 35 days after curing. The average difference in
lengths of three specimens to the nearest 0.01 per cent of
the effective gauge length was reported as the drying
shrinkage. The values of shrinkage strengths and flow
values of the mix obtained are tabulated 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.
1t05.

Results and Discussions

Effect of Variation of
Silica Fume on Drying Shrinkage

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 2 that at about 15% of
replacement of cement with silica fume, the mix attains
least shrinkage strain. As the precentage of addition of
silica fume varies from 0 to 15%, the decrease in the
shrinkages strain ranges from 747 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 that the drying shrinkage is less for 53 grade cement
compared to 43 grade with the presence of 10% silica
fume.

Silica Fume and/or Superplasticizer on Drying
Shrinkage

The experimental results (Fig.4) 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 / (C+S) Ratio on Drying Shrinkage

Table 1 and Fig.5 indicate that for any mix as the Water
to Cement + Silica fume ratio is increasedthe shrinkage
strains were increased simultaneously.

Silica fume and/or super plasticizer on workability of
mortars

As the quantity of silica fume (as a partial replacement of
cement), is increased, the workability of mortars, (indi-
cated by the flow values in Table 1) is gradually decreased

for a constant Water to Cement + Silica fume ratio. The
addition of super plasticizer has increased the workability
of mortars for all percentages of silica fume.

Requirement of Superplasticizer with Variation of
Silica 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
mlkg (Cement + Silica) to 10 mlkg (Cement + 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 ce-
ment by silica fume was varied from 0 to 15%.

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 shrinkage
strain.

* Forany w/(c + ) ratio, the shrinkage strain decreases
with the increase in percentage of silica fume.

* When superplasticizer is added to the mix, the
workability increases and thereby the shrinkage strain
decreases to a comparable extent upto 15% silica
fume.

* As 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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