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Fig. 1. particle size of conventional and fine sand according to
standard limit
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Fig. 3. particle size comparison of trass and pumice pozzolan
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Cementitios 5102+ Specific Blai
: S0 AO; Fe03 CaO  MgO  SOs  NaO  K:0  ALOs+  gravity ane
Materials m2/kg
Fe203 (kg/m3)

Trass 7485 1171 204 382 14 022 211 294 886 2500 650
Pumice 59.44 159 474 1064 219 126 335 1.8 80.08 2620 490
Silicafume  93.47  1.17 1.5  0.95 1 02 022 108 9614 2350 20000
Cement 2018 378 379 6407 123 36 136 0.96 . 3150 317

Table.1.XRF results of cementitios materials
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Fig. 5. Main phases of trass pozzolan
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Fig. 4. Main phases of pumice pozzolan
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Mix Cement Silica Trass Pumice Aggregate Coarse  Fine ~ Lime Water Sup er
description  (kg/m’) g{‘glgf) (kgm’)  (kg/m®) %g/n%) (E;I;g) (E;I:n(}) (fg(;g?) (ke/m?) plastnflzer W/Cm
SF'10 350 35 0 0 700 800 200 140 150.15 2.5 0/39
SF10T?10 315 35 35 0 691.4 800 200 140 150.15 2.5 0/39
SF10T20 280 35 70 0 682.8 800 200 140 150.15 2.7 0/39
SFI0P*10 315 35 0 35 693 800 200 140 150.15 2.5 0/39
SF10P20 280 35 0 70 686 800 200 140 150.15 2.5 0/39
SF10T10P10 280 35 35 35 684.4 800 200 140 150.15 3.1 0/39
SF10T20P10 245 35 70 35 675.7 800 200 140 150.15 33 0/39
SF10T10P20 245 35 35 70 677.4 800 200 140 150.15 3.1 0/39
SF10T20P20 210 35 70 70 668.3 800 200 140 150.15 3.2 0/39

Table 2. SCC mixtures containing blended cement
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Mix description Slump flow Jring

(mm) (mm)
SF10 690 4
SF10 T10 655 5
SF10T20 680 6
SF10P10 685 4
SF10P20 689 2
SF10T10P10 680 4
SF10T20P10 650 7
SF10T10P20 710 5
SF10T20P20 690 5

Table.3. rheological tests results
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Fig. 8. 28-day Compressive strength

Sgol p halo3T . F-F
(sl 0l 0313 OLES (Q) Ji& )\.)}o.'v BE) @k.v Ly 4.-_,§ Olea
(oS5 0L g sd e ol iniils el ma Foee Sl YL
b 5 e VAP L SFI0 cilses LSL“CJJ’ O 4wl
S YYVY L SFI0T20P10 5 cuils 1) b o o o s
1A g3 cpl Ol sl OLES 1) b Ce o S 436
e bl s glis cunslis z2E L=l ol ey
SBav oS5 LSL"‘CJJ’ et (LSl L;(A.ALQJA Y95
3 SR bl L2 sliss Vi Bk
Slr b 4 Cad B bS5 sl slag b
awlie 3 LS ol Al wial Oloww (ol
k_éy\;;-\) LS edalie L5 R j:':""-'. mjgm LsLﬁ;».;SJ‘“
gj’t'.ji.'.l’- (_;LAMJJ BLENE oL T wl/ﬁ 9 oy )l JS»S
slesS 5 os bl sy plie L &S @L:J bl calises
Cows a4 gulid Caglias J'Lil,«ﬂ)'\ Y 4>”J alie Wl
334 ¢ 55 B <5l SFI0T10P20 5 SF10T20P10 cuaf
e SF10T10 4 K5 (s Mae SF10T10P20.ails o7
sl 2 YOVY o e YOO o 5 o clan glacS 5

AY

;s"yﬁ)}:' L;,;SU -Lﬁ)))l)},a.; v JS—::

| 7 day result W 28 day result

Silica... 126
107
S S P —
Pumice 89 91
cement L 1°° RS 100
0 50 100 150
percentage

Fig. 7. Pozzolanic reactions comparison
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Abstract

Cement production is responsible for consuming 13% of energy along with producing 7% of CO2 worldwide.
Using supplementary cementitious materials (SCMs) such as pozzolans could be helpful in this regards, while
it could potentially improve the properties of concrete. The results of previous investigations have illustrated
the fact that pozzolans partially replacing cement as binaries (one pozzolan along with cement), resulted in the
improvement of concrete's durability parameters in many cases. On the other hand, one of the main uses of
pozzolans is in self-consolidating concrete (SCC), a special concrete that has gain attention and popularity in
recent years due to its specific properties. Recent studies on SCC containing ternary (two pozzolans along with
cement) blends revealed impressive improvements in the mechanical and specially durability properties,
outperforming both binaries and non-pozzolanic mixes. This was attributed to the fact that using pozzolans
resulted in great decrease in permeability caused by their filler effect along with transformation of CH to CSH
or CASH. Also their high blain causes significant improvement in the pore structure of concrete. In this
context, capillary pores increase in number, each with much lower volume and diameter compared to non-
pozzolanic samples. Another consequence of using these materials is less porosity of the interfacial transition
zone (ITZ). Overall, the numerous beneficial effects of using pozzolans in concrete is well-established, and
this could promote the use of more pozzolans in concrete .

Nevertheless, there has few investigations concerning the effects of ternary mixes on the durability of SCC,
and studying the properties of quadratics mixes (three pozzolans along with cement) has been rarely done. On
this basis, the purpose of this research was to study the effects of using binary, ternary and quadratic blends
on durability characteristics of SCC. In this regards, two natural pozzolan, namely trass and pumice, were used
as cement replacements at 0, 10 and 20% levels in mixes containing 10% silica fume. Various tests on the
fresh properties of SCC including slump flow as flow ability and J ring as filling ability test were performed.
As for hardened concrete, the 28 day compressive strength, velocity of ultrasonic pulses in concrete, water
absorption, depth of penetration of water under pressure, Surface Resistivity toward Chloride lon Penetration
and rapid chloride penetration (RCPT) tests were considered.

The results showed that binaries, only in compressive strength and to some extent in pulse velocity performed
better compared to ternaries and quadratics. Also, it was concluded that ternaries slightly outperformed
quadratics in terms of compressive strength, pulse velocity, and water penetration tests, whereas quadratics
generally had slight superiority over ternaries in terms of electrical resistivity and rapid chloride penetration.
Overall, choosing the best performance for each test result, using ternaries and quadratics decreased
compressive strength, pulse velocity, water absorption, water penetration and rapid chloride penetration by
5%, 3%, 15%, 61%, 71% respectively, while increased electrical resistivity by 55% compared to binary
mixture. In addition, all mixtures had desirable, water absorption below 2% and binaries, ternaries and
quadratics had similar results with no significant differences.

Keywords: SCC, binary blend, ternary blend, quadratic blend, durability
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