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Workability, mechanical properties and durability of self-compacting concrete

containing red mud, and granite and marble waste powder
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ABSTRACT: To maintain the uniformity and cohesiveness of self-compacting concrete (SCC),
sustainable use of waste powder like waste marble powder (WMP) and waste granite powder (WGP)
as filler replacement, and red mud (RM) as a cement replacement has been investigated. Also, the
mechanical properties and durability of SCC containing WMP, WGP, and RM were measured by
compressive strength (CS), splitting tensile strength (TS), water absorption (WA), ultrasonic pulse
velocity (UPV), and acid sulfuric attack tests in the laboratory. When the total amount of filler material
(limestone powder (LP)) was replaced by WMP or WGP, the workability, the mechanical properties,
and the durability of SCC did not significantly change. Using RM up to 2.5% cement replacement
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improved the mechanical properties and durability of SCC. However, the higher content of RM in SCC
mixes could adversely affect the mechanical properties and durability of SCC. The application of stone

waste powder like WMP, WGP, and industrial by-products like RM could lead to a greener and more
sustainable SCC mix without sacrificing the SCC’s mechanical properties and its durability.

Self-compacting concrete
Marble powder

Granite powder

1- Introduction

To realize the concept of sustainable development, the idea
of reusing waste in concrete production has become popular.
Chandru et al. [1] claimed that adding certain amounts of
powdered residues to concrete increases its performance,
mechanical properties and durability. Recently, the effect of
various types of industrial wastes with pozzolanic properties,
such as blast furnace slag, fly ash, metakaolin, and silica
fume, on the properties of various types of concrete has
been extensively studied. In recent years, WMP and WGP
have also been widely used as additives or fine-grained
alternatives in the production of SCC. Reuse of such waste
powder and industrial by-products in concrete production
can be considered environmentally vital because it reduces
cement consumption and the corresponded CO, production.

RM, a material with fine grains and high alkalinity (pH:
10-12), is known as a by-product of aluminum plants [2].
According to the recent findings, global production of RM
reaches 117 million tons per year. The chemical composition
of RM can vary depending on the bauxite source as well as
the aluminum production procedure. In this research, RM was
collected from the surrounding area of the Jajarm alumina
factory. Hematite (Fe,0,), calcite (CaCO,) and anatase (TiO,)
minerals were identified in the raw sample of RM. Also, the
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oxides in RM based on the results of XRF analysis are: CaO,
Si0,, Fe,0,, ALO,, TiO,, Na,0, MgO, and K,O. This material
has a specific weight of about 5400 kg/m? and the specific
surface area of its particles is equal to 26.75 m%gr [2, 3].
According to a sustainable point of view and in order to avoid
environmental pollution, the use of by-products such as RM
in the production of building materials such as brick, ceramic
and concrete has been considered recently. The physical and
chemical properties of RM make it an effective material as an
alternative to cement in concrete and use in the construction
industry. For example, the high pH of RM increases the
compatibility between concrete and steel rebars in concrete
structures [9]. Also, fine grains of RM could provide a denser
concrete matrix and improve the mechanical properties of
concrete [4].

2- Methodology

Thirteen SCC mixes were produced according to
EFNARC [5] standard, using RM as a cement substitute in
2.5, 5, 7.5 and 10% percentages. Also, three different filler
materials (LP, WMP, and WGP) were used in these mixes.
The values of the different SCC’s components are shown in
Table 1.
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Table 1. Different components of SCC mixes

w! Cc? RM?  LP* WGP®  WMPS s’ CA? N
CRL 183.5 400 0 100 0 0 975 525 7
Al 183.5 390 10 100 0 0 975 525 7
A2 183.5 380 20 100 0 0 975 525 7
A3 183.5 370 30 100 0 0 975 525 7
Ad 183.5 360 40 100 0 0 975 525 7
B1 1835 390 10 0 100 0 975 525 7
B2 183.5 380 20 0 100 0 975 525 7
B3 183.5 370 30 0 100 0 975 525 7
B4 183.5 360 40 0 100 0 975 525 7
C1 183.5 390 10 0 0 100 975 525 7
C2 183.5 380 20 0 0 100 975 525 7
C3 183.5 370 30 0 0 100 975 525 7
C4 183.5 360 40 0 0 100 975 525 7

water (kg/m?), 2cement (kg/m?), *red mud (kg/m®), *limestone powder
(keg/m?), Swaste granite powder (ke/m?), *waste marble powder (ke/m?),
sand (kgim’), Scoarse aggregate (kg/m?), *superplasticizer (kg/m?).
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Fig. 1. The CS of SCC samples at different ages

3- Results and Discussion
3- 1- Workability

In this study, slump flow and T500 time tests were
performed to evaluate the flowability and cohesiveness of
fresh SCC mixes. Based on the results, it is observed that the
values of slump flow for all the mixes are ranged between
580 and 700 mm. By increasing RM replacement levels,
the slump flow and T500 time decreased and increased,
respectively. Similar findings have been reported by Ahmadi
and Shekarchi [6]. The physical properties of WMP and
WGP such as size, shape, and texture affect the flowability of
SCC. LP and WGP, due to their irregular shape and fineness,
increase the contact between the aggregates and the cement
paste, and as a result, increase the viscosity of SCC [7].

3- 2- Mechanical properties

Measurement of mechanical properties of SCC mixes has
been performed by CS test (at three ages) and TS test (at two
ages) as can be seen in Figure 2 and Figure 3, respectively.
The low content of RM replacement (2.5%) increased the
CS of the samples. In fact, the filler effect of RM particles,
especially at early ages increased the density of the SCC
matrix [8].
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Fig. 2. Phase velocity dispersion curves for a steel pipe
with outer diameter of 220 mm and wall thickness of
4.8 mm

F
=Y
L ]

t
'S

Fes
[

L] o
L]

M e @
@

WA of
specimens (%)
®
-~
®

N

CRL Al A2 A3 A4 B1 B2 B3 B4 Cl1 C C3 C4

Fig. 3. the WA of different SCC samples at 28 days

Also, the results demonstrate a more desirable effect of
WGP and WMP incorporation on the CS of SCC specimens
compared to the specimens containing LP. The highest TS
values corresponded to the samples with 2.5% RM as cement
replacement. Also, increasing RM content up to 5% does not
change the TS of the specimens. As mentioned before [9],
the low content of RM, due to the filling effect can have a
positive influence on the TS of the specimens.

3- 3- Durability

Ascanbe seen in Figure 4, the use of WGP as areplacement
for LP has no adverse effect on the WA results. However,
WMP incorporation in SCC could increase the WA of the
samples. In addition, by increasing the content of RM the
WA of the samples increases. Figure 5 shows that the control
sample has the highest durability with 9% reduction in CS.
While the sample containing 10% RM as cement replacement
and WGP as a filler replacement shows the lowest CS after 28
days under sulfuric acid attack. This phenomenon is related
to the porous nature and large surface area of RM particles,
which raises the porosity of concrete matrix [10].
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4- Conclusion

In the present study, the optimal percentage of RM as
cement replacement in SCC mixes incorporating WMP
and WGP as filler material replacement was investigated.
Workability, the mechanical properties and durability of SCC
were measured. The use of waste powder such as WMP and
WGP as well as RM increases the need for superplasticizers
in the production of SCC. On the other hand, replacing 2.5%
of cement with RM leads to an increase in the mechanical
properties of SC. The durability of SCC does not change
significantly with restricted amount of RM, WMP, and WGP.
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Fig. 1. Chemical composition of cement and red mud
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Table 1. A summary of the researches on replacing cement with red mud

el ey

ol Cos
Az o e o EP &y
olasBl 5,5y 9 5 Lid Ceoglio Hai adad 5 A R VAT REPARRE
e glaBlesing s P 5 RO e fF v yare o5 [\-]
Sl dionr 308 5 (P il w0010 L LS Yo
Glod 30 0w d Wyl 30,8 S wuoy0 O 1 colaiwl
4 Gl (39355 Gleie @y 01,5 ilu az o Foe N ERIAY AT RPN i S [l
el e b
GRMN39 p (05§l 308 I (Saliley weyo Yo U
Sl yo 4 o 43 OF S 3l 9 0,10 Mo “IOA o ISV Yo g e s ol [yl
S Lo,y Yo U1y loww v 35l ol gl
Sl e ) glor iR Sl <¥D Yo 000 b sare o5 [1¥]
S o0 Aoy Ol 08
Cuoglio (38l jekio 4y (20 30 oo (2 i
o .‘5“ W - <IYA < IYF XY
Oloww a1 ol GCaws dod j0 039, YA 5,Lu8 /\c \F G- Saere oy [v¢]
IEARY
.MIM)ofﬁlﬁ‘dlﬁ.ﬁu
3058 J5 9o Gul3l b Gy digei O i woy0
L Gloww (P2 35l wuoyo Vel o 9 .l (o0 S +ITA Vo yore o [ol
a3 oo RIS |y (S iges (LA Cunglio 30,5 S
w2y VA B ilgi o0 30,8 S5 poad ko s 5o
Ceoglio yo idlS sl gy S yloww oy 35l -/F0 Yo g XFAANY $ [OUSRS [l
glio yo b Q9N O g 9
U5 o3 Y0 0,8 U5 U loww o 35l doys 1A
a6 (YL 0,8 IS loww (2550 ) IR 5 - IFY _— Uy o [yl

DB (o0 Cawd A |y (oS g (S (6L Cooglin

YA



LW b b Olasuin ¥ Joaa

Table 2. The specifications of SCC mixes
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Fig. 3. Size distribution of cement and red mud

diralls g5 ol 0 g e o g 13 By POk (gt Olge sl g8 il okl KG /Y ol yy g slacl o el
Cudild @93 pomed ol odmliie BB Y S 55 j0,8 JS g loww odal ¥ S 5 88 1,8 el 590 04iSyy 00le gt &y aST (5504
ol ool ¥ S5 )3 g opl 53 oad 03 S @ by g aileadyd b ogly loww &) (IT) us ploww 1 il cpl > wiomed
Mg w5150 o plgd 5 (Swlle Claseie (a5 (o) n ol 5 il 5 Cuyoye Siaw gy oslizal Voo kg /M7 ogasia iy

GxSoinl gly )5 s 55SUsS sl ialejl jleolinal b oad 3 S Sldes ol Slewsy I Glagh cpl 53 oslitel 340

YAY



100
90
80
70
60
50
40
30
20

0 ® PN et e"

~

75um 150 pm 300 pm 600 pm  1/18 mm 2/36 mm 4/75 mm 9/Smm 12/5mm 19mm 25 mm

Aild5sy g ADCW > gaudild 1387 F S

Fig. 4. Size distribution of fine and coarse aggregates
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Fig. 5. Slump flow diameter (mm) and T, time (sec) for different SCC mixes
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Fig. 8. Compressive strength (MPa) at different ages
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Fig. 9. Enhancement of compressive strength at 56 and 90 days compared to that of 28 days
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Fig. 10. Splitting tensile strength (MPa) at different ages
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Fig. 11. Splitting tensile strength (MPa) at different ages
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Fig. 12. Compressive strength (MPa) of samples after 28-days acid sulfuric exposure
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Fig. 13. Percentage of compressive strength reduction after 28-days acid sulfuric exposure
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Fig. 14. Ultrasonic pulse velocity (UPV) test equipment
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Fig. 15. UPV and compressive strength of different SCC samples
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