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Abstract

One of the main challenges in today’s construction industry is improving the performance of concrete while reduc-
ing costs and minimizing its environmental impact. An effective approach to address this challenge is the use of alter-
native and mineral additives in concrete mixtures. Limestone powder, due to its abundance in the northwest region of
the country, accessibility, and affordability, serves as an optimal local material for partially replacing sand in concrete
mix designs. On the other hand, pozzolanic additives, such as diatomite powder, enhance mechanical properties and
durability of concrete by increasing pozzolanic reactions, making them widely applicable in the concrete industry. The
impact of these materials on concrete performance depends on their independent or combined usage. However, most
previous studies have focused on the effects of these materials individually, with limited exploration of their combined
influence. This research aims to investigate both the independent and combined effects of limestone powder and diato-
mite powder on the mechanical properties of conventional concrete. The findings can provide practical solutions for
producing high-quality, sustainable concrete, optimizing mix designs, and expanding the application of these proposed
materials. For this purpose, a reference mix design (B1) and 15 additional mix designs were developed. These included
varying proportions of the two proposed materials: limestone powder as a partial replacement for sand, and diatomite
powder as a concrete additive at levels of 0%, 10%, 15%, and 20%. Specifically, in three mixes (B2, B3, B4), only
diatomite powder was used, in three others (B5, B9, B13), only limestone powder was utilized, and in the remaining
nine mixes, both materials were combined. The study measured slump, water absorption during curing, compressive
strength, and tensile strength for all 16 concrete mixtures. Results showed an increase in both compressive and tensile
strength across all samples. However, the highest compressive strength was achieved in mix B11, which included 10%
diatomite powder as an additive and 15% limestone powder as a partial sand replacement. For the 28-day, 90-day, and
180-day samples of mix B11, the compressive strength increased by 60%, 48%, and 45%, respectively.
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Physical Properties Chemical Properties

Item Unit Value Item Value
Fineness (Blaine) (cm?/gr) 3230 Calcium oxide (CaO) 64.44
Residue on 90 p Sieve (%) 3.86 Silica (SiO,) 21.70
Autoclave Expansion (%) 0.18 Aluminum oxide (Al0,) 5.22
Le Chatelier Expansion (mm) 1.1 Ferric oxide (Fe,0,) 3.74
Initial Setting Time (min) 115 Magnesium oxide (MgO) 2.22
Final Setting Time (min) 185 Potassium oxide (K,0) 0.58
Density (gr/em?) 3.16 Sodium oxide (Na,O) 0.22
days Compressive Strength 3 (gr/cm?) 240 Chloride Ion (CI) 0.010
days Compressive Strength 7 (gr/cm?) 345 LOI 1.36
28days Compressive Strength  (gr/cm?) 465 Others 0.51
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Physical Properties Chemical Properties
Name Calcium Carbonate,Limestone CaCO, <99%>97%  SiO,+insoluble matter <1.5%
Linear Formula CaCoO, Ca0 <55.5% > 54.5% Na, 0 <0.1%
Molecular weight g/mol 100.09 L.OI<43.7>42.0 K,0<0.1%
Form Powder Si0,<0.7% P,0,<0.03%
Specific Gravity (2.72-2.5) MgO <0.5% MnO <0.02%
Density (N.A (depend on size Limestone ALO,<0.5% SO,= Trace
Solubility in Water (g/L(25°C0.13 Fe,0,<0.2%
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Chemical Properties

Item Value
Calcium oxide (CaO) 0.98
Silica (SiO,) 90.40
Aluminum oxide (ALO,) 2.15
Ferric oxide (Fe,0,) 0.71
Magnesium oxide (MgO) 0.64
Potassium oxide (K,0) 0.20
Sodium oxide (Na,O) 0.45
LOI 3.04

Others

\\‘\8 VFoY lieo; 5 5mb VA ol ojleds Vo lods (oas Jlo



s bale glagz b ¥

Caogilio jog g S Ko 109 b bdg glp S beldo scaws O Jous

_Water
Item Cementitious Cement Gravel  Sand Limestone powder Diatomite powder — Water
material

Unit . (ke/
Ratio (kg/m?) 5 (kg/m?) (kg/m?) (kg/m?) (kg/m?)

Mix-ratios m’)
BI1(0L,0D) 0.52 380 910.5 780 0 0 197.60
B2(0L,5D) 0.52 380 910.5 780 0 19 207.48
B3(0L,10D) 0.52 380 910.5 780 0 38 217.36
B4(0L,20D) 0.52 380 910.5 780 0 76 237.12
B5(10L,0D) 0.52 380 910.5 702 78 0 197.60
B6(10L,5D) 0.52 380 910.5 702 78 19 207.48
B7(10L,10D) 0.52 380 910.5 702 78 38 217.36
B8(10L,20D) 0.52 380 910.5 702 78 76 237.12
B9(15L,0D) 0.52 380 910.5 663 117 0 197.60
B10(15L,5D) 0.52 380 910.5 663 117 19 207.48
BI11(15L,10D) 0.52 380 910.5 663 117 38 217.36
B12(15L,20D) 0.52 380 910.5 663 117 76 237.12
B13(20L,0D) 0.52 380 910.5 624 156 0 197.60
B14(20L,5D) 0.52 380 910.5 624 156 19 207.48
B15(20L,10D) 0.52 380 910.5 624 156 38 217.36
B16(20L,20D) 0.52 380 910.5 624 156 76 237.12
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Compressive Strength (MPa)

Age
28- days 90- days 180- days

Mix-ratios
B1(0L,0D) 26.8 33.7 35.6
B2(0L,5D) 29.7 36.5 38.4
B3(0L,10D) 333 38.7 40.6
B4(0L,20D) 32.3 36.7 38.5
B5(10L,0D) 28.4 39.7 41.9
B6(10L,5D) 32.8 43.8 45.6
B7(10L,10D) 36.5 46.3 48.7
B8(10L,20D) 42.5 49.6 51.2
B9(15L,0D) 37.7 43.7 453
B10(15L,5D) 41.5 46.5 48.2
B11(15L,10D) 43.0 49.8 51.7
B12(15L,20D) 38.6 423 43.0
B13(20L,0D) 29.7 41.2 43.4
B14(20L,5D) 35.8 43.4 454
B15(20L,10D) 39.6 46.8 48.4
B16(20L,20D) 38.7 42.5 443
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Tensile Strength (MPa

Age
28- days 90- days 180- days

Mix-ratios

B1(0L,0D) 2.40 2.45 2.47
B2(0L,5D) 2.93 2.96 2.98
B3(0L,10D) 3.15 3.20 3.23
B4(0L,20D) 3.25 3.29 3.34
B5(10L,0D) 2.72 2.80 2.87
B6(10L,5D) 3.10 3.17 3.21
B7(10L,10D) 3.50 3.57 3.63
B8(10L,20D) 3.10 3.19 3.26
B9(15L,0D) 2.90 3.02 3.10
B10(15L,5D) 3.17 3.28 3.35
B11(15L,10D) 3.45 3.47 3.50
B12(15L,20D) 3.06 3.25 3.30
B13(20L,0D) 2.75 3.01 3.10
B14(20L,5D) 3.22 3.25 3.27
B15(20L,10D) 3.27 3.30 3.33
B16(20L,20D) 2.80 291 2.97
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Density (Kg/m®)
Age
28- days 90- days 180- days

Mix-ratios

BI1(OL,0D) 2241 2252 2260
B2(0L,5D) 2232 2238 2244
B3(0L,10D) 2229 2235 2237
B4(0L,20D) 2119 2223 2226
B5(10L,0D) 2204 2209 2212
B6(10L,5D) 2201 2204 2207
B7(10L,10D) 2199 2203 2205
B8(10L,20D) 2218 2220 2223
B9(15L,0D) 2241 2244 2250
B10(15L,5D) 2218 2221 2226
B11(15L,10D) 2210 2220 2229
B12(15L,20D) 2198 2205 2209
B13(20L,0D) 2207 2208 2210
B14(20L,5D) 2189 2190 2194
B15(20L,10D) 2204 2210 2219
B16(20L,20D) 2183 2189 2199

Density (kg/m3)
H

FFFTF TSI T
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Mix- Ratios
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Water absorption (%)
Age
28- days

Mix-ratios

BI(0L,0D) 1.88
B2(0L,5D) 1.56
B3(0L,10D) 1.64
B4(0L,20D) 1.65
B5(10L,0D) 1.67
B6(10L,5D) 1.55
B7(10L,10D) 1.28
B8(10L,20D) 1.51
B9(15L,0D) 1.91
B10(15L,5D) 1.78
BI1(15L,10D) 1.68
B12(15L,20D) 2.01
B13(20L,0D) 1.96
B14(20L,5D) 1.65
B15(20L,10D) 1.64
B16(20L,20D) 1.56
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