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Fig. 1. Sand grading chart of _4l) gravel ) sand (The dashed line chart shows the standard allowed range of ASTM-C136 [7])
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Natural Ground - .
Material hydraulic lime Granulated Silica Fume Zeolite Portlant
(NHL) Blastfurnace (SF) (Ze) Cement (C)
Slag (GGBS)
Ca0 70.55 38 1.87 2.996 63.30
MgO 4.399 9.9 1.61 0.461 1.59
MnO << 0.05 - 0.035 -
Sio, 6.854 35.6 89.22 70.255 21.13
Na,O - 0.4 0.556 1.138 0.42
K,0 0.422 0.17 1.056 1.075 0.69
Al,04 2.096 11.8 1.2 8.983 5.04
Fe,04 2.419 1 2.12 1.011 3.76
TiO, << - 0.1 0.175 -
SO5 << 2 - 0.14 2.30
P,04 << 0.04 - 0.036 -
Cu << - - 0.004 -
/n - - - 0.004 -
Rb - - - 0.874 -
Se - - - 0.012 -
Zr << - - 0.033 -
Sr - - - 0.121 -
Ag - - - 0.007 -
Ba - - - 0.079 -
Pb - - - 0.012 -
L.OI 13.26 - 2.6 12.51 3

Table 1. Chemical compounds of used materials
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Natural Ground
Concrete Water  Binder Portland Hydraulic Slica Granulated Zeolite  Gravel  Sand Supe.r
Name w/b kg/m3 kg/m? Cement Lime Fume Blastfurnace kg/m® kg/m® kg/m? plasticiser
kg/m3 3 kg/m3 Slag kg/m3
kg/m k 3
g/m
L.SF 0.35 280 800 - 560 240 - - 560 373 9.6
L.GG 0.35 280 800 - 560 - 240 - 599 400 8
L.SF.GG 0.35 270 771 - 386 193 193 - 621 472 7.7
LSF.ZE 045 330 733 - 367 183 - 183 541 360 7.3
L.GG.ZE 045 305 678 - 339 - 169 169 626 426 6.8
L.C.SF 0.35 255 729 219 364 146 - - 695 463 7.3
L.C.GG 0.35 255 729 219 364 - 1.46 - 713 476 7.3
C 0.35 215 614 614 - - - - 926 617 3.1
C-NS [16] 0.35 230 660 660 - - - - 910 590 -

Table 2. Mixed proportions of concretes made
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Concret name LSF LGG L.SF.GG L.SF.ZE L.GG.ZE L.C.SF L.C.GG C C-NS
Slump (cm) 15.8 13 19.5 15.5 23 4 22 19 14

Table 3. Slump results of concretes made
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Tensile

. splittin Flexural strength, f Elastic
Concrete Compressive strength, f. (MPa) P l% g Jr modulus,
Name strength, (MPa) R, (GPa)
ft (MPa)
7 days 28 days 56 days 28 days 14 days 28 days 28 days
L.SF 20.12 33.45 36.37 2.38 4.05 4.11 13.74
L.GG 10.82 15.68 17.82 1.25 1.77 2.24 14.76
L.SF.GG 24.21 40.1 45.06 3.15 3.99 4.65 18.7
L.SF.ZE 15.94 24.61 27.56 1.5 1.67 2.28 11.63
L.GG.ZE 11.02 16.75 18.92 1.54 2.31 2.58 11.25
L.C.SF 36.83 58.55 59.5 3.25 5.95 6.24 21.75
L.C.GG 29.09 40.2 43.47 2.63 3.54 4.19 21.31
C 41.1 57.4 60.26 43 5.81 5.85 22.6
C-NS 33.5 49 52.5 - - - -

Table 4. Compressive, tensile and flexural strength and elastic modulus of concretes made
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Fig. 3. Development chart of compressive strength of the
concrete made in different ages
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Fig. 4. Comparison of 28-day compressive strength results of this study with previous studies [5,6]
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C;l:‘cnl;zte Relative mass loss (%) CC (%) CH (%) C(l(-;‘:;rb C(l;l/:;r
550-850 °C  420-550 °C 50-420 °C

L.SF 4.78 2.37 10.38 10.86 13.73 3.99 9.74

L.SF.GG 5.55 2.13 8.29 12.61 12.34 3.58 8.76

L.C.SF 3.9 2.16 8.2 8.86 12.51 3.63 8.88

L.C.GG 7.3 3.56 4.24 16.59 20.62 5.99 14.64

Table 5. Results of mass loss, calcium hydroxide and calcium carbonate content in lime-pozzolan samples
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Abstract

Growing apprehension about the environmental effects of producing Portland cement as the main component
of the concrete, has raised widespread concerns in construction industry about the urgency of finding
appropriate materials to substitute it. Recently, lime-pozzolan binders that were used before the advent of
Portland cement, have been revived and reconsidered in a quite modern way showing reliable properties.
This study has a comparative aspect and according to past research on lime-pozzolan concrete, with the aim
of producing concrete having dominant lime-pozzolan binder with desirable structural properties, different
lime-pozzolan concrete mixes with double and triple compounds of hydraulic lime with silica fume, blast
furnace slag and zeolite and two mixes with the presence of 30% Portland cement in lime-pozzolan concrete
were made and tested in it. In all mixes, the super-plastisizer admixture was used to improve the concrete
workability. To gain the most concrete strength, a constant water to binder ratio of 0.35 was used for
manufacturing all concretes specimens except the one containing zeolite in which water to binder ratios lower
than 0.45 wasn’t practical. Portland cement binder concrete were manufactured as well for comparing
purposes. Slump test was conducted on fresh concrete and compressive strength test on cubic molds
(101010 cm) in 7, 28 and 56 days, spilling tensile strength test on cylindrical molds (with a diameter of
10cm and a height of 20cm) in 28 days, flexural strength test on prismatic templates (10x10x35 cm) in 14 and
28 days and elastic modulus test on cylindrical molds (with a diameter of 10cm and a height of 20 cm) in 28
days was conducted on hardened concretes. To analyze pozzolanic activity,the Thermal Gravimetric Analysis
(TGA) was performed on concrete samples which showed better strength results than others.

Slump's results show that the use of the super-plastisizer in the lime-pozzolan concrete improves their
workability; Most slumps were obtained in lime-slag-silica and lime-slag-cement concrete at 22 and 23 mm,
respectively. Four mixes of lime-pozzolan concrete (two mixes with 50% natural hydraulic lime (NHL)
composition and 30% cement with 25% silica fume (SF) or 25% ground granulated blastfurnace slag (GGBS)
and two other triple mixes 50% NHL, 25% SF and 25% GGBS and dual mixes 70% NHL with 30% SF)
showed competitive mechanical properties compared to ordinary concrete and their 28-day compressive
strength were achieved above 30 MPa (Equivalent to 58.6, 40.2, 40.1 and 33.5 MPa, respectively), which is
quite favorable to be used as structural concrete. Concrete containing zeolite had less mechanical strength than
others.

The results of thermal gravimetric analysis were determined in the lime-pozzolan concrete, more calcium
hydroxide is consumed as the amount of pozzolan increases. Silica fume performed more active than blast
furnace slag, because it consumed more calcium hydroxide in concrete. Also blast furnace slag was more
active than zeolite.

Keywords: Mechanical properties, Concrete, Cement, Hydraulic lime, Pozzolan



