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The Effect of Combined Nanosilica and Lime on the Improvement of the Marl Soil
Engineering Properties

M. Amiri A. Asakereh A.H. Farokhdel

Abstract Marls are problematic soils, which easily erode if they are exposed to water flow and problems
in the stability of the bedding of construction projects can be occurred. One of the methods for soil
chemical modification is the use of additives such as lime, cement and nanoparticles. The effect of adding
nano-SiO; on the lime performance on the enhancement of the improvement process of the marl soil
engineering properties and the formation of new compounds due to the stabilization process has been
investigated in the present study. In this regard, after determining the geotechnical properties of Marl
soil, improvement of engineering properties of samples stabilized with various percentages of lime and
nano-SiO, after the end of the curing period was analyzed by performing large-scale experiments
(Atterberg limits, aggregation, deposition and unconstrained compressive strength (UCS), and
microstructure ((pH) and X-ray diffraction (XRD)). According to the results of this study, the presence of
nano-SiO; in the marl-lime soils system has led to increased pozzolanic activities and growth of calcium
silicate hydrate (C-S-H) and calcium aluminate hydrate (C-A-H) nanostructures and uniform distribution
of these nanostructures. The compressive strength of the modified samples with the combination of nano-
silica and lime proportional to the increased nano-silica additive has a quite ascending trend. Based on
the results of the present study, the development rate of improvement of marl soil engineering properties
in a modified specimen with 6% lime and 1% nano-SiO; increased the compressive strength in the first 7
days by 18.45 kg/cm? and the compressive strength increased by 18 times compared to the reference
specimen.

Key Words Marl, Lime, Nano-SiO,, UCS, C-S-H, XRD.
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Si0, | Al,O; | Fe,0; | CaO | MgO | KO | Na,O | TALK | SO; | LOI | SrO | MnO
Product ty]
Hydrated Lime 171 | 07 020 | 724 | 083 | 01 01 | - 01 | 2366 | 01 | 0.1
pokeos 51U (S5 520 laaarie ¥ i
Color Purity Special surface area (m%g) | Particle Sice (nm) Density (kg/m®)
white > 98, 193 20-30 170
RSO L TN B g PRES
SloZ CaO Alz 03 Fe, 03 502 TIOz Na, O Ky (6] L.O.l
98.95 0.042 0.16 0.075 0.041 <0.01 0.07 0.01 0.42
3 Oole ey B g0 el s SUSS 55 5 (S5 55 Sl 5l F o | ol
Physical properties of South Marl (Qeshm Island) Quantity measured References
Diameter less than 0.075 mm (%) 95 ASTM D422, [22]
Clay (%) 40 ASTM, D422-63 [22]
Silt (%) 55 ASTM, D422-63 [22]
Sand (%) 5 ASTM, D422-63 [22]
Liquid Limit (%) 58.6 ASTM, D4318 [22]
Plastic Limit (%) 28.0 ASTM, D4318 [22]
Plasticity Index (%) 30.6 ASTM, D4318 [22]
pH (1:10 ; soil : water) 6.93
Surface area (m? kg*103) 44.2+3 Elthantaway & Arnold, 1973, [23]
Carbonate content (%) 33 [24]
Color Brown
Classification CH ASTM, D3282 [22]
Maximum dry density. yd (gr/cm?) 1.67 ASTM D698 [22]
Optimum water content (%) 19.5 ASTM D698 [22]
. . Palygorskite, Sepiolite,
Mineral composition ygorst P ASTM, D2216 [22]
Calcite, Quartz
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