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Type of Agg Water Density Saturated
absorpt  (gricm®) Surface Dry
ion (SSD) (gr/icm®)
coarse 2.2 1.63 2.7
aggregate
fine aggregate 3.85 1.74 2.7

Table.1. Physical specification of aggregates

e Ol pes (pkige Sasn — ool
ol sl osle Olge w0 5o ISk 31 Gaiss ol s ol
O G opl 53 el 0l il S gie
3 Y alp (SIO/Na0) sy Jse b (aini J)Gu W
S o &S5 53 s s Vol Kgim® IS
S eslizal 5y 50 LB slaeliS Jled 31 (S Olse 4 0!
Ol s Sl s Slasiis (7) Jsdr 5523 5
Rl 53 Ol 3 5m)dalr il 1S 5508 ol 01 o305
Gy Ol by 80 30 A5 5744 ot L e,
S NaOH  plecd Jsop b e deSsodn 3L o0
38 Bl a3 A 3 sles L K b 5 ol (loslae
Jlos A3l oo e ile oS YT JBs
e Pl b 5E Ve ¥ochle js ol dnS 5 i
Sl el s 4 O 53 el e LS a0 e
OF 35 55 g0 Lo Lalll oS 315 el s ol 0 b ez

S Gl pods 55 5 Oglloden AT 3 2 Ll5

PFBLe 5 @IS al )5S ol placd SIUTLY g

Chemical mixture Si0, AlL,O;

CaO MgO K,O NaO Fe,0; MnO

Weight ratio(%) of Slag 35.7 11.2

37 11 0.68 0.6 1.2 1.58

Weight ratio(%) of Metakaolin ~ 52.24  43.18

1.03 0.08 - - 0.6 -

Table.2. Chemical analysis of Slag and Metakaolin
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Chemical mixture SiO,

Na,O H,O

Weight ratio(%)

30

145 55.5

Table.3. Chemical analysis of sodium silicate
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Type of Fiber Density  Length Diameter Modulus of Tensile
(Kg/m®)  (mm) (mm) elasticity strength
(GPa) (MPa)
Steel Fiber 7850 35 0.8 200 1000
Polypropylene Fiber 910 12 0.032 3.5 350

Table.4. Properties of Steel Fibers and Polypropylene Fibers
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Fig. 1. a) Steel fibers b) Polypropylene fibers
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Mix type Slag Metakaolin Al/Bi SS/SH Gravel Sand Scoria Special
Weight(Kg/m®)

SC50 315 135 0.65 1 305 750 305 2180
SC60 315 135 0.65 1 244 750 366 2080
SC70 315 135 0.65 1 183 750 427 1995
SC80 315 135 0.65 1 122 750 488 1990
SC90 315 135 0.65 1 61 750 549 1897
SC100 315 135 0.65 1 0 750 610 1891.4

Table.5. Concrete mix design per cubic meter (Kg /m®)
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Sample 7-day 28-day 90-day
compressive  compressive  compressi
strength strength ve strength
(MPa) (MPa) (MPa)
SC50% 21.2 30.2 31.7
SC60% 20.78 27.4 29.8
SC70% 19.3 25.8 27.1
SC80% 15.6 24.8 26.5
SC90% 20.2 21.8 23.4
SC100 14.3 16.8 18.1
%
Table.6. Compressive strength at the ages of 7, 28 and 90 days
(MPa)
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Fig. 3. Compressive strength variations of samples containing
polypropylene fibers combined with different percentages of
steel fibers
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Fig. 2. Compressive strength variations with different
percentages of steel fibers
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Fig. 7. Tensile strength variations of samples containing
polypropylene fibers combined with different percentages of
steel fibers
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Fig. 8. Flexural strength variations with different percentages of
steel fibers
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Fig.11. 28-day ultrasonic pulse speed of samples containing
different percentages of steel and polypropylene fibers (m/s)
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Fig. 12. Modulus of elasticity of samples with structural
conditions containing steel fibers and polypropylene
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Fig. 13. Scanning electron microscope (SEM) micrographs of a
light geopolymer concrete sample containing 70% scoria a)
without fibers b) with 1.5% steel fibers and 0.1%
Polypropylene fibers
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Abstract:

Considering the high consumption of concrete, especially in structures, and the increasing need for cement
production, it seems necessary to pay attention to the harmful environmental effects of this material. In the
construction industry, to solve this problem, alternative adhesives are used in concrete, and geopolymers are one
of these alternatives. Making geopolymer concretes based on slag can be one of the ways to produce
environmentally friendly materials that reduce the harmful effects of cement production. Also, using lightweight
concrete has valuable advantages, such as reducing the structure's dead load, and combining geopolymer with
lightweight concrete can be beneficial. In this research, two series of lightweight geopolymer concrete have been
used. In the first series, by keeping geopolymer ratios constant (Al/Bi=0.65, SS/SH=1 and sodium hydroxide
concentration 2 M), Geopolymer concretes with different percentages (50, 60, 70, 80, 90, and 100) of scoria
were made instead of coarse aggregate. Then, the designs with structural conditions (compressive strength above
17 MPa and specific weight below 2000 Kg/m3) were selected by comparing the samples' specific weight and
compressive strength. In the second series of making lightweight geopolymer concretes by adding steel fibers
(0.5, 1, and 1.5%), polypropylene fibers (0.1%), and hybrid, the mechanical characteristics of the samples were
evaluated. By examining the compressive strength test, as expected, the compressive strength of the light
geopolymer samples increases with the increase in the percentage of steel fibers. Also, samples containing 0.1%
of polypropylene fibers face decreased compressive strength. When combined with steel fibers with percentages
(0.5, 1, and 1.5), this decrease in compressive strength will be increased. By checking the compressive strength
and specific weight, the samples containing 70, 80, and 90% scoria has structural conditions. By examining the
tensile strength test, it can be concluded that adding steel and polypropylene fibers both increase the tensile
strength can be seen. In the flexural strength test, flexural strength increases with an increase in the percentage of
steel fibers. It can also be seen that the effect of steel fibers is more significant than polypropylene fibers in
increasing the bending strength. An ultrasonic pulse speed test determines the quality of manufactured concrete.
According to the observed results, it can be concluded that with the increase in the percentage of fibers (steel and
polypropylene), the speed of the ultrasonic pulse also increases. The samples of 70% scoria-containing steel
fibers are of excellent quality; this indicates that this design has a better quality geopolymer paste than other
samples. Also, the geopolymer concrete sample containing 90% scoria has the lowest value of ultrasonic pulse
speed. This reduction can be attributed to many voids in the scoria aggregate. The modulus of elasticity test
results showed that the samples containing steel fibers were far more than the other samples, and the most
significant increase was seen in steel fibers with a percentage of 1.5. Finally, by examining the microstructure of
fiber geopolymer lightweight concrete using scanning electron microscope (SEM) images, it can be seen that the
geopolymer sample without fibers contains voids, which are filled to a large extent when steel and
polypropylene fibers are added.
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