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Fig. 2 (CP V ARI RS concrete with addition silica fume) shows in detail
the fractured aggregate.

In Fig. 3 (mortar of a concrete composed of CP V ARI Plus at 1 day with
10% silica fume), microstructure is very dense despite its age. Fig. 3 also
indicates the formation of a large C-S-H amount, revealing silica action
within the matrix even at an early age. A conglomerate of active silica with
very well defined form is evident. At this age, the greater the intensity of
the curing process, the greater the hydration progress and the better the
quality of the final structure, specially if samples are cured under water.

This fact can be confirmed by observing the results obtained for mercury
intrusion in CP V ARI Plus paste at 3 and 28 days, as evidenced in Tables
6 and 7. A great reduction in total porosity is observed: The smaller the
W/C, the higher the reduction produced.

Fig. 4 (CP V ARI Plus concrete at 1 day without silica fume) shows a void
filled with hydrated products and presenting a 0.38mm diameter,
characterizing the macropores which can be present in the structure,
whether introduced accidentally or deliberately Fig. 4- also reveals that
around this isolated pore, the matrix is very dense and compact.

Fig. 5 to 7 present the microstructure of concrete prepared with CP V ARI
Plus without sitica fume, after 1 day. Fig. 6 shows plates of calcium
hydroxide and pore presence within the matrix. Fig. 7 is an enlargement
of region 1, showing details of CH plates, with a very well defined form,
interspersed with empty spaces characterizing capillary pores.

Fig. 8 (CP V ARI Plus concrete with silica) shows formation of hydrated
compounds over the aggregate. The matrix is compact as shown in Fig.
8b.

Fig. 9 (CP V ARI Plus concrete with silica fume) is an enlargement of Fig.
8 showing hydration products (C-H-S and CH) around the aggregates.
Fig. 9a presents a conglomerate of hydration products deposited over the
aggregate.

Fig. 9b presents various hydration products {CH-Calcium Hydroxide,
CSH, OPH - other hydrate products including CSH and Aggregate). It
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further shows, in the lower part of 9b, elimination of the transition zone
through CSH formation, making it more compact. Here the separation of
hydrated products and aggregates is not visible (indicated by the arrow).

Fig. 10a (CP V ARI Plus concrete without silica fume at 28 days) shows
the presence of large pores. In Fig. 10 b (CP V ARI Plus concrete without
silica fume) a detail appears of a large crack present within the matrix.

Fig. 11a and 11b show a typical image of a paste CP V ARI RS sample
without silica fume at 28 days. CH crystals are shown associated with C-
S-H type 1. The Ca/Siratio is 1.70.

Fig. 12 (CP V ARI RS concrete) shows C-S-H formation inside a pore
(diameter = 18um) and a microcrack going through the pores.

Fig. 13a — (CP V ARI RS concrete) shows lack of fibrous crystals inside
pores (on the left), and formation of plates inside other pores (on the
right), characteristic of the monosulfoaluminate phase (Afm), as indicated
by details in Fig. 13b, which is an enlargement of Fig. 13a.

Fig. 14 and 15 present the morphological characteristics and the Ca/Si
ratio of the slag particles, in anhydrous form and in a hydrated cement
paste.

CONCLUSIONS

There is an improvement in the microstructure of the concrete when silica
fume is used. Pore volume in the paste is reduced, too, even when a low
wic is used.

The filler and pozzolanic effects produce a refinement in the porous
structure and change morphology and phase distribution.

Silica fume and slag decrease and/or modify CH crystals forms.
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The SEM results showed much greater efficiency in characterizing phases
and also changes and improvement occurring in the microstructure for ali
cements.

Those' images reveal the change in characteristics of CH crystals, the
more homogeneous and denser interface zone, and the synergy between
the slag - silica fume — cement systems.
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Table 1 — Clinker and Additions Chemical Properties.

Clinker  Calcéario* Slag Silica Fume
Oxides % % % %

PF 0,37 42,43 0,92 3,14
SiO; 21,09 1,33 34,31 94,3
Ai2O3 5,62 0,40 11,48 0,08
Feo0s3 3,44 0,26 0,91 0,10
Ca0 67.24 54,46 43,39 0,30
MgO 0,66 0,34 6,84 0,43
SOs 0,58 0,25 0,90 --

K0 0,76 0,05 0,35 0,83
Naz0 0,03 0,10 0,16 0,27

Blaine = 470m%kg BET = 18m%g
Table 2 - Cement Chemical Properties.
Proportion CPV ARIRS % CP V ARI Plus %
Clinker 60,4 90,33
Slag 238,61 -
Calcium Sulfate 4,91 4.45
Calcareous Filler 5,08 5,22
CsS 38,26 58,95
C.S 7,66 10,15
CsA 492 7,36
C4AF 6,32 9,46

Table 3 - Mixture proportions to produce a slump of 120mm + 20mm.

Theoretical consumption of materials for m° of concrete
(kg)

Mixture Cement | Silica | SP | Water | Sand | crushed | crushed Total

proportions Fume 1 2 crushed
(MP)

1:1,2:2:0,3 513 570 | 9,1 171 684 456 684 1140

1:1,2:2:0,3 570 ---- 185 1M1 684 456 684 1140

1:1,82:2,82:0,4 388 420 | 6,9 | 168 | 764 474 710 1184

1:1,82:2,82:0,4 420 -~-- 163 168 | 764 474 710 1184

1:2,75:3,75:0,5 286 32 57 | 158 | 874 477 715 1192

1:2,75:3,75:0,5 318 ----150 159 | 874 477 715 1192
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Table 4 - Compressive Strength of concretes produced with CP V ARI Plus, with or without silica fume.
Mixture proportions MPa

tm WIC fyr  fo fe7 fejra feizt feps feies foor  feses

Without 1:.32 0,3 |63,6 649 716 733 783 814 889 956 97,6
Silica 146 04 (36,9 451 512 604 627 674 715 776 81,1
Fume 165 05218 341 409 490 519 540 579 595 61,9
With 1:32 03552 703 760 825 851 889 953 1026 1051
Silica 146 041386 502 591 647 667 720 760 821 847
Fume 165 05235 380 46,7 546 573 591 645 663 67,1

Table 5 - Compressive Strength of concretes produced with CP V ARI RS, with or without silica fume.
Mixture proportions MPa

WIC fg1  fo3 fejr fora  fon feos feiea foor  fepes

Without 1:.32 03319 483 605 688 764 791 867 935 982
Silica 146 04232 319 435 469 529 5671 646 716 749
Fume 165 05155 258 37,3 435 479 501 553 583 629
With 132 03382 612 729 758 825 887 977 1051 109,
Silica 146 04249 382 534 606 647 682 777 855 88,1
Fume 165 05]16,7 307 439 486 544 567 632 693 701
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Table 6 - Properties of concretes at 28 days - CP V ARI Plus.

Properties of Pastes and Concretes - CP V ARI Plus os - %
Total Porosity (%) hydration at 3
Mixture proportions  |Mechanical Properties! Concrete Paste days
WIC [fe2s(MPa) Egps(GPa) | 28 days 3days 28days
Without 1:32 03 81,4 491 10,12 ] 1:.03 20,81 16,12 62,8
Silica 1.46 04 67,4 411 11,00 ; 1:.04 2361 19,55 77,9
Fume 165 05 54,0 27,5 13,16 | 1.05 31,88 2219 72,9
With 1:32 03 88,9 542 7,19 1.03 1587 12,08 55,1
Silica 146 04 72,0 46,3 8,45 1.04 2223 15,68 69,9
Fume 165 05 59,1 32,1 9,82 1.06 27,04 20,71 68,5
Table 7 - Properties of concretes at 28 days - CP V ARI RS,
Properties of Pastes and Concretes - CP V ARI RS o - %
Total Porosity (%) hydration at 3
Mixture proportions | Mechanical Properties | Concrete Paste days.
WIC | fops(MPa) Eqs(GPa) | 28 days 3days 28days
Without 1:32 03 791 48,6 10,12 | 1:0,3 20,81 16,12 54,2
Silica 146 04 57,1 40,3 11,00 | 1:04 2361 19,55 76,9
Fume 165 0,5 50,1 293 13,16 | 1:05 31,88 22,19 78,3
With 132 0,3 88,7 52,3 7,19 1.0,3 1587 12,08 48,7
Silica 146 04 68,2 445 8,45 1:.04 2223 15,68 61,4
Fume 165 05 56,7 33,0 9,82 1.05 27,04 20,71 68,7
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Fig. 1a - Concrete CP V ARI Plus Fig. 1b - Concrete CP V ARI Plus
without silica fume. with silica fume.

Fig. 2- Concrete with CP V ARI RS Fig. 3 - Mortar of a concrete
and silica fume. Fractured CP V ARI Plus at 1 day, w/c=0.3.
aggregate and interface region.

Pag nTIER Y
T
ne

Fig. 4 - Concrete CP V ARI Plus .
without silica fume, 1 day. Air void Fig. 5 - concrete CP V ARI Plus
filled with hydration products. without silica fume, 1 day.

praap o i3 - S < fraz

Fig. 6 - mortar CP V ARI Plus with Fig. 7 — Enlargement of point 1 from
addition of silica fume. Calcium Fig. 6 — calcium hydroxide plate.

ydrosdda nlatoc 4 dos,
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Fig. 8a — mortar sample of concre

CP V ARI Plus with silica fume.

Formation of hydrated compound
over the aggregate area.

&gt T LT L
Fig. 9a - mortar sample of
CP V ARI Plus with silica fume.

Detail of hydration products arounc
the aggregate (enlargement of Fig. 8

Fig. 10a - concrete (1:4.64) CP V ARI

Characteristics and presence of pores.

Fig. 8b — Enlargement of Fig. 8a,
where a very compact matrix is
observed, without emptiness or

capillary porosity in the paste
aggregate interface zone.

B mn e
Fig.9b - Enlargement of Fig. 9a,
where elimination of the transition
between the aggregate
and the matrix.
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Fig. 10b - concrete CP V ARI Plus
Plus without silica fume, shows texture without silica fume - presence of large

crack in the matrix.
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R

2 r - et » Fig. 11b - Enlarged image of the region
RERLE o a0 poer A circled in Fig. 11a — showing CSH.

Fig. 11a - paste sample CP V ARI RS

without silica fume at 28 days. Point Phase Ca/Si Al/Ca Ca/(Si+Al)

1 C-S-H 1,70 0,04 1,43

e -

‘M 5 m:‘.

Fig. 12 - concrete CP VARI RS Fig. 13a - Concrete CP V ARI RS.
showing the formation of C-S-H Absence of fibrous crystals inside
inside a pore (diameter=1,8um) a pore (to the left) and formation of

with a microcrack. plates inside another pore. (to the right ).
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Fig. 13b — Enlargement of Fig. 13a - Fig. 14 - Polished slag-grain.
detail of the formation of hexagonal

plates inside the sample pore, typical Ca/Si AliCa Cal(Si+AY)

arrangement of face-edge connection 1 Slag 158 021 1,19

Fig. 15 — Enlargement of a slag
particle present in the hardened
cement paste. Polished surface.

N CalSi__AliCa__Cal(S*A])
i1 4 yé ! 1 Slag 148 023 1,11
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