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Fig. 1. particle size of conventional and fine sand according to
standard limit
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1. Quaternary
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Fig. 3. particle size comparison of trass and pumice pozzolan
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Fig.2.particle size of graval according to standard limit
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SiO2+  Specific

Cementitios iy ALO; Fe0s CaO MgO  SOs  Na:O KO ALOs+ gravity ~Dane
Materials m2/kg
Fe203 (kg/m3)

Trass 7485 1171 2.04 382 14 022 211 294 886 2500 650
Pumice 5944 159 474 1064 219 126 335 18 8008 2620 490
Silicafume 9347 117 15 095 02 022 1.08 9614 2350 20000
Cement 2018 378 379 6407 123 36 136 096 - 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

5388 el e LS55 2y s S T 1S ol 56
GolS ol ol gl s e sdalie () I3
ol ;)‘:".'.LA)TJ.?‘*“" e 45 AL o CondS 5 o gl 2dS


http://dx.doi.org/10.22034/22.5.77
https://mcej.modares.ac.ir/article-16-57041-en.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-15 ]

[ DOI: 10.22034/22.5.77 ]

VFaY JL /0 AJM/‘:}:}MU}:

Seposy e 3 A bylie S s 5 el
WLl Lot Ol ol yan & 5 &) g0 @0 ey Sn 5 Sal
55 555 Ll oS Ol5 38 55 ol e w ol SL T 5 Ly
i) el sds &L g b b Y s
G 5l O e b (108l s (Sl o & PRt
153 01 5 el eslizad Ao ys LS 3 oY 555 51 G o Ul
sl 4 S

29T Joe Ll 5 Y-

B Sl sl FA Sl de Slus bk sed (5o s sl
YO Sal plal OF 53 o505 YA (B 5 A 03,50 05

RV PR S I+ WP E S

s S N g5 50 ool sl £ IS

160

140

120

100

80

A

Intensity (a.u.)

h

. M "

20 40 60 80 100
2Theta (Degree)
Fig. 6. XRD of silica fume
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Mix Cement Silica Trass Pumice Aggregate Coarse  Fine ~ Lime Water Sup er
description  (kg/m’) g{‘glgf) (kg/m’)  (kg/m®) %g/n%) (E;I;g) (E;/?n(}) (itg(;g?) (ke/m?) plastﬂflzer 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
SFI10P*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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Mix description

Compressive Strength (Mpa)

Fig. 8. 28-day Compressive strength
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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 Ion 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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