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Abstract :

The effect of combined additions of silica fume and
superplasticizer on concrete c—ompressive strength has been
studied by taking into account. the following parameters: a)
type and dosage rate of superplasticizer; b) type and
content of Portland cement; <) way of silica fume
utilization (as additional component or as cement
replacement) . In the preserce of silica fume, for bhoth
type I and type III Portland cement the Melamine
Sulphonated Polymer superplasticizer performs better than
the Naphtalene Sulphonated Polymer one, particularly when a
high dosage such as 4% is used. A change from 2 to 4%
superplasticizer dosage rate in general does not modify or
reduce compressive strength iz the absence of silica fume,
whereas significantly increases compressive strength in the
presence of silica fume.
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1 Introduction

The combined addition of silica fume and superplasticizer
is generally used to produce Ligh-strength concretes (1-3).
The purpose of the present work is to examine the effect of
the following parameters os the concrete compressive
strength:

- type of superplasticizer: Sulphonated Naphtalene Polymer
{SNP) or Sulphonated Melamine Polymer (SMP);’

- dosage of superplasticizer in form of a 40% polymer
aqueous scolution: 2 or 4% by veight of cement;

- type of Portland cement: tyre I @r III according to ASTM;
- cement content: 300 or 400 kg/m” in the reference mixes
without silica fume;

- way of silica fume utilizavion: as additional component
(15% by weight of cement) without any cement reduction or
as cement replacement {15%).



2 Experimental

Table 1 shows the concrete composition of plain mixes (in
the absence of silica fume) with or without SNP or SMP
superplasticizers (2 or 4%) by using type I or type III
portland cement.

Table 2 indicates the composition of the same concrete
mixes as those shown in Table 1, the only difference being
a replacement of 15% by weight of cement by silica fume.

Pable 3 shows the composition of the same mixes as those
shown in Table 1, the only difference being the addition of
silica fume {15% by weight of cement) without any reduction

in the cement factor.

All the concrete mixes have been manufactured at a given
slump (220 +/- 10 mm) and cured at 20°C.

compressive strength measurements on cubic specimens (100
mm) have been carried out at 1, 7 and 28 days and their

values are shown in Fig. 1-4.

3 Effect of silica fume and superplasticizer on strength
of concretes containping type I Portland cement

Figures 1 and 2 show the effect of superplasticizer
addition, with or without silica fume, on the compressiv%
strength of concretes containing 300 and 400 kg/m
respectively cf type I portland cement. Figures 1A and 2A

indicate the behaviour o¢f plain or superplasticized

concretes both in the absence of silica fume. Silica fume
has been used to replace 15% by weight of cement (Fig. 1B
and 2B) or as additional component without any reduction in

the cement factor (Fig. 1C and 2C).

In the absence of silica fume, early and later compressive
strength are reduced when the superplasticizer dosage rate
is increased from 2 to 4%. Such a reduction is in general
negligible and becomes more significant for the 1 day
strength when 4% of SKNP superplasticizer is used (Fig. 1A
and 2A). Moreover, compressive strengths of SMP
superplasticized concretes appear t+o be higher than those
of SKP treated concretes particularly at 4%
superplasticizer dosage rate {Fig. 1A and 2A}).

In the presence of silica fume, the change from 2 to 4% of
SNP or SMP superplasticizer dosage rate increases
remarkably the compressive strength, and this appears to be
more effective for the SMP superplasticizer than for the
SNP one (Fig. 1B & C and 2B & Q).
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Table 1. Composition of concretes witout silica f i
= ume at a given
{220 +/- 10 mm) 9 slusp
Cement  Cement Superplasticizer ruperplasticizer W/C Air
type facto type s szage  (t w.c.) ratio volung
(kg/m~} ¥
I 300 Q
£0.71 1.9
I 400 - 0 0.55 1.4
I 360 SHP 2 0.57
N 6.9
I 400 SHP 2 CR + s ) 7.3
I 160 SNP 4 C0.49 9.2
I 400 SHP 4 . 0.032 5.7
I 60 SHMP 2 £. 57 1.9
e 400 SMP 2 Q.39 2.5
I 360 SMe 4 0.49 1.8
I 400 SHMP 4 0.34 1:9
IIT ino L1 0.69 4
III 100 - o 9.57 1'0
IiI ipo SHP F 0.46 6.7
IIi 400 SHP F a.25 4.8
III 300 SHP 4 d.43 5.5
III 400 SHP 4 9.32 4:0
III 300 SHP 2 D.46 2.6
IIr 400 SMP 2 Q.35 2.6
IIXI 3040 SMP 4 0. 43 2.6
TI1T 400 SHP 4 Q.32 2.4
Table 2. Composition of concretes wit’s siliea fume replacing the cement content
{15% by weight] at a given siump {220 +[/=- ma).
Cement Cement Silicg fume Superpl:sticlzer Superplasticizer HfC Air
type factos (kgfm”) tyre dosage (% W.C.) ratia volume
{kg/m”) %)
i 255 45 - L) 0.88 1.0
i 1450 60 Q 0.62 i-1
1 255 45 Lug 2 0.76 1.8
1 340 60 up 2 o.50 2.9
:I 255 45 AP 4 9.51 6.0
I 240 (3] =P 4 0.35 5.1
1 255 45 LAP z .79 i
I 349 60 op F .51 1:;
I 255 45 S4P 1 Q.51 i.n
1 340 (1] HP . P 0.35 2.2
I1I 255 45 - o] 0.84 1.1
II1 340 60 - o 0.61 1.3
111 255 45 P 2 0.67 [
IIX 340 60 LHp 2 0.50 5:0
IIX 255 4z °NP 4 0.44 5.4
III 340 60 o 4 0.34 4.0
III 255 45 IMP 2 0.73 1.3
I1I 340 650 AP 2z a.56 1.4
I3I 255 45 oHp 4 0.45 2.1
IIZ 240 60 =P 4 0.36 2.4
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Table 3. Composition of concretes with silica fume as additional component iji
(15% by weight of cement} at a given slump {220 +f- 10 am). “i-sé ‘é’ it sfcn fume -1 wipeUT sliica fuma @
ol B 5 ) wl DB 7
Cement Cement silicg fume Superplasticizer Superplasticizer W/C Air 1
type Eactoij (Xgfa~} Ltype dosage (Y w.c.) ratio volume 80
(kg/m) (2} B - 80~
T 300 45 = 0 T.76 T.L 1
I 400 60 - 0 0.49 1.2 60
T 300 45 SHP 2 0.61 2.2 i T 1
I 460 60 SHp 2 0.38 3.3
a0k
1 300 45 SHP 4 0.41 4.5 ' sor 7
I 400 L1 SHP 4 0.29 4.2
I 100 45 SHP 2 0.66 2.0 =
I 400 60 SMP 2 0.39 2.2 — A — 1
O E?a
I 300 45 SKP 4 0.43 2.4 E ol M E
I 400 60 SHP 4 0.29 2.3 5 AN SO Sur =
= hea Fume (25 by dn' @ i A\
111 300 45 - o 0.69 1.1 - HE7 el ~ ol el -
111 100 60 - o 0.53 1.3 o oor B g
II1 300 a5 sup z 0.55 2.4 ‘5, 46)
111 100 50 sup 2 0.43 3.4 & sor S a0 s
111 300 45 sup 4 0.39 4.0 S 8
ITI 400 &0 SHP 4 0.32 4.3 P +
o L
IIX o0 45 SHMP 2 0.59 2.0 @« b
T1T 400 60 SHP 2 G.44 1.9 I kY
117 100 a5 SHP 4 .39 2.2 2 2 sof
111 460 60 sup 4 0.32 2.4 w o
o n
aQ T 20l
5 8
silica fume in superplasticized concretes when used as an g _ g o M
additional component (Fig. 1B and 2B} is of course more 5] R B e skew tune (45 kgt e ©) O e oe ze aiica tome {80 vg.tn]
effective than when used as cement replacement (Fig. 1C and o NEA acditions Somponent | A2 Z st Compn
2C). - 1ok B 3 |

The copbined addition of silica fume (45 kg/m3) and
superplasticizer (4% SMP) is so effective that even with a
significantly low cement factor, such as 255 kg/m”, the 28
day compressive strength is much :Pigher than that of a
richer mix (cement factor 400 kg/m”}) containing or silica
fume either superplasticizer. For instance the 28 day
compressive strength is about 65 MPa in the leaner cement
mix with the combined addition of silica fume and 4% SMP
superplasticizer (Fig. 1B), and less than 60 MPa in the

1 day 7days

richer cement mix containing only 4% SMP (Fig. 2A); even 7cays

lower (less than 40 MPa) is the compressive strength of the Time .

richer cement mix containing only silica fume (Fig. 2C}. Time
Ficure 1 - Fi 2

on the other hand, silica fume as additional component or

cement replacement does not cause any stren h increase in E Compressive strength .
p Y gt 1 Stre of Compressive strength of

the absence of superplasticizer (Fig. 1 and 2). Really in
plain mixes silica fume reduces strength particularly at
eariier ages (1 day). This is due to the fact that the
required mixing water at a given slump increases when
silica fume is used without superplasticizer (Tables 1-3}.
At later ages (7-28 days) the strength reduction caused by
the presence of silica fume in plain concrete mixes,
becomes gradually lower because of the slow pozzolanic
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concretes with 300 kg/m®
of type 1 Fortland
cement without silica
fure (&), with silica
fure to replace 15% by
weight of cement (B}, or
as 15% additional
component {C).

concretes with 400 kg/m3
of type I Portland
cement  without silica
fume  (A), with silica
fume to replace 15% by
weight of cement (B), or
asg 15% additional

component (C).
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Figure 3

Conpressive strength of
concretes with 300 kg/m

of type III Portland
cement without silica
fume (A}, with silica

fure to replace 15% by
weight of cement (B}, or
as 15% additional
camcnent. (Ch.
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Figure 4

Conpressive strength of
concretes with 400 kg/m:’
of type III Portland
ceent  without silica
fumre (R}, with silica
fure to replace 15% by
weight of cement (B}, or
as 15% additicnal
ecompanent (C).

reaction between silica fume and Ca{OH), (preduced by the
cement hydration) which partly compensages the higher w/c
ratio caused by the presence of silica fume.

4 Bffect of silica fume and superplasticizer on strength
of concrete containing type III Portland cement

Figqures 3 and 4 show the effect of superplasticizer on
compgessive strength of concretes containing 300 and 400
kg/m~ respectively of tyre III Portland cement with or
without silica fume. .

No substantial difference has been found in the strength
change caused by superrlasticizer andfor silica fume
additions between concretes containing type I Portland
cement (Fig. 1 and 2) on one hand, and those produced by
using type III Portland cenent (Fig. 3 and 4) on the octher
hand.

Oof course type III Portland cement concrete mixes appear to
be stronger than the corresponding concretes containing
type I Portland cement. For instance, at the cement factor
of 255 kg/m3, the 28 day, compressive strength of the
concrete containing 45 kg,m” of silica fume and 4% of SMP
superplasticizer is 65 or 90 MPa when type I or type III
respectively Portland cemeant is used (Fig. 1B and Fig. 3B).

5 Conclusicns

Independently of the type of Portland cement used (I or
IIT), in the absence oI silica fume the compressive
strength of S5SMP superplaczticized concrete appears to be
higher than that of SNP treated concretes; in the presence
of gilica fume  the SMP superplasticizer performs
significantly better than the SNP one only at 4% dosage,
whereas no substantial diference has been found in general
between the performances of SMP and SNP at the 2%
superplasticizer dosage. .

The change in the superplasticizer dosage from 2 to 4%
causes a remarkable increasze in the compressive strength of
both type I and type III Fortland cement concretes only in
the presence of silica fune; the effect of this change is
more remarkable for the SMP superplasticizer than for the
SNP cone.
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