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2. Friedel's salt

1. Supplementary cementitious materials
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3. Waste glass powder
4. Ground granulated blast furnace slag
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1. High strength self-compacting concrete
2. Silica fume
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Properties Cement (%) SF (%) GGBES (%) WGP (%)
Silicon Dioxide (SiO,) 21.13 Min 85.00 36.50 71.00
Aluminium Oxide (AL,O3) 455 Max 1.00 11.00 323
Ferrous Oxide (Fe,03) 3.63 Max 2.00 0.70 0.19
Calcium Oxide (CaO) 63.72 Max 1.50 38.50 9.20
Magnesium Oxide (MgO) 1.27 Max 1.50 9.20 1.49
Sulphur Trioxide (SOs) 2.58 - 0.30 -
Insoluble Residue (IR) 0.49 - 0.40 100.00
Sodium Oxide (Na,O) 0.16 - 0.55 13.80
Potassium Oxide (K>0) 0.59 - 0.60 0.29
Loss On Ignition (LOI) 1.67 Max 3.50 0.50 0.67
Tricalcium Silicate (C;S) 55.71 - - -
Dicalcium Silicate (C,S) 18.61 - - -
Tricalcium Aluminate (C;A) 5.92 - - -
Tetracalcium Aluminoferrite (C,AF) 11.01 - - -
Physical properties
Specification Surface (cm?/gr) 3110 150,000-200,0000 4000 2900
Autoclave Expansion (%) 0.11 - - -
Soundness
Le Chatelier Expansion (mm) 1.00 - - -
Initial-135 - - -
Setting Time (min)
Final-185 - - -
Mechanical properties
Mortar Compressive Strength (MPa)
3 days 27.6 - - -
7 days 36.3 - - -
28 days 47.3 - - -
Mortar Flexural Strength (MPa)
3 days 49 - - -
7 days 6.4 - - -
28 days 74 - - -
Table 1. Chemical, physical and mechanical properties of Cement, SF, GGBFS and WGP
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Fig. 1. The particle size distribution of Cement, SF, GGBFS and
WGP
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Fig. 2. Particle size distribution curves of aggregates
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Unit content: kg/m?

Mix Mix Code W/B
Water Cement SF WGP GGBFS Fine Aggregates Coarse Aggregates
Control Ctrl 0.36 144 400 - - - 930 907
SF (5%) SF5 0.36 144 380 20 - - 925.2 902.1
WGP (15%) WGP15 0.36 144 340 - 60 - 923.8 900.6
GGBEFS (15%) GGBFS15 0.36 144 340 - - 60 9332 9103
SF (5%) + WGP (10%) SF5+WGP10 036 144 340 20 40 - 921.1 897.9
SF (5%) + GGBFS (10%) SF5+GGBFS10 0.36 144 340 20 - 40 927.4 904

SF: Silica fume, GGBFS: Ground granulated blast furnace slag, WGP: Waste glass powder

Table 2. Proportions of the concrete mixes
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1. Calcium Silicate Hydrate (C-S-H)
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Abstract

Nowadays, concrete is used as a widely used material in different industries. Depending on the usage of
concrete, different properties can be expected from it. Plentiful usage of concrete in other industries such as
bridge construction, landscaping, construction, harbors, docks, and special structures has made this valuable
material the center of attention of many researchers. Depending on the type and place of using concrete, this
material has limitations and problems. Destruction of concrete in the long term is one of the factors causing
damage to the industrial cycle and economy of countries. The high durability and reliability of concrete reduce
damage to the environment and increase the service life of structures. Important factors are the useful life of
concrete structures, environmental conditions, and concrete quality. The attack of sulfates on concrete is one
of the critical factors in reducing the life of the structure and the durability of concrete. Sodium, magnesium,
and calcium sulfates are salts usually found in soils and groundwater and react with different phases of
hydrated cement paste, such as hydrated alumina, hydrated monosulfate, and calcium hydroxide, to produce
needle-shaped crystals of ettringite and calcium sulfate (gypsum). The volume of these crystals is greater than
the volume of cement hydration products, so they cause internal stress and cracking in hardened concrete.
Magnesium sulfate is more damaging than other sulfates because it destroys calcium silicate hydrate (C-S-H).
In the attack of magnesium sulfate and the conversion of Ca(OH), to gypsum, it is accompanied by the
simultaneous formation of Mg(OH): (brucite), which is insoluble and reduces the alkalinity of the system. In
the absence of hydroxyl ions in the pore solution, the stability of C-S-H in the system is reduced and attacked
by the sulfate solution. The ultimate product of this substitution reaction is the magnesium silicate hydrate, the
formation of which is associated with the loss of the cementitious characteristic. Permeability and porosity are
the most critical factors in increasing the resistance of concrete against sulfate attack. This study evaluated
weight and compressive strength changes after placing in magnesium sulfate solution for six designs of
concrete mixes containing silica fume, glass powder, and steel slag. In addition, the depth of water penetration
under pressure and water absorption tests were performed to evaluate the permeability of concrete. The results
showed the proper performance of glass powder and steel slag against magnesium sulfate attack and reduced
the depth of water penetration. Changes in the weight and compressive strength of concrete against magnesium
sulfate attack depend on the properties of supplementary cementitious materials, their replacement amount,
and concrete porosity.

Keywords: Durability of Concrete, Magnesium Sulfate Attack, Permeability, Compressive Strength.
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