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Syse bk ol ys &S glausls Sal Casles S 54 Yoo

Sal gl SIUTY Jpur
Si0, CaO Al,O; Fe, 04 MgO Alkali (KO ,Na,0) Others
171 72.26 0.7 0.2 1.2 0.1 23.83
Table. 1. The chemical analysis of lime
e U S5 laeaniia ¥ g
Color Purity Special surface area (m?/g) Particle Sice (nm) Density (kg/m°)
white > 98% 193 20-30 170
Table. 2. The physical characteristics of hano-SiO,
ke 36 oo LT g
SiO, CaO Al, O, Fe; O3 SO, TiO, Na, O K, O L.O.
98.95 0.042 0.16 0.075 0.041 <0.01 0.07 0.01 0.42

Table. 3. The chemical analysis of nano-SiO,

Dol S €sad (ST 585 Slaasein 31 &5 8 Jgdr

Physical properties of Marly Soil

Quantity measured

References for method
of measurement

Diameter less than 0.075 mm (%) 95 [17], ASTM D422
C (kglem?) 0.9

[17], ASTM D3080
¢° 19
?Jéggf(lggigg)mpressmn Strength 11 [17],ASTM D2166
Liquid limit (%) 41 [17], ASTM D4318
Plastic Limit (%) 20 [17], ASTM D4318
Plasticity Index (%) 21 [17], ASTM D4318
Maximum dry density. yq4 (gr/cm?) 1.7 [17], ASTM D698
Optimum water content (%) 19.5 [17], ASTM D698
Classification CL [17], ASTM D3282

Table. 4. Geotechnical characteristics of the marl soil sample
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Geo- enviromental properties of Marly Soil

Quantity measured

pH (1:10, Soil:water) 7.8
Carbonate content (%) 49
Ec (1:10, Soil:water) 5.13
Color Green

Mineral composition

Palygorskite, Calcite, Quartz, Chlorite, Kaolinite, Feldspars

Table. 5. Geo-environmental characteristics of the marl soil sample
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Fig. 1. The trend of pH changes of the samples stabilized with
lime after 72 hours
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Fig. 3. Variations of pH of the samples stabilized with different

percentage of lime and Nano silica after 28 days of curing
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Fig. 8. XRD pattern of Marl soil sample.

P: Palygorskite, K: Kaolinite, C: Calcite, Q: Quartz, G: Gypse, F: Feldspath,
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Abstract

Marl is a combination of clay and calcium carbonate which its carbonate content is between 35 to 65 %.
Marl soils have variable characteristics and their engineering behavior may be highly different in dry and
saturated conditions. Such soils suffer from falling, swelling, divergence, and loss of resistance when
exposed to water and moisture. Marl deposits have higher erosionability than other deposits due to the
structural nature such as the presence of destructive particles and chemicals (carbonate Calcium, Gypsum,
Anhydrite and Salt). Palygorskite and sepiolite are clayey minerals forming the marl soil, which leads to
instability, load capacity reduction and swelling in the soil. Microstructural study of soil stabilization of the
Southern Marl using lime and Nano-SiO,_ Using additives such as lime, cement and nanoparticles is one of
the methods for soil chemical modification. The present study investigates the effect of lime and Nano-SiO,
on the engineering properties of marl soil and the formation of new compounds due to the stabilization
process. The soil used in this study was the marl sample of the west of the Bandar Abbas | on the northern
margin of the Persian Gulf. In this area, natural and artificial slopes are instable. Also, extensive failures in
many of geotechnical projects such as failure in the foundations, tensile cracks and slopes on the roads have
been reported. The structure and minerals of the marl soil can be considered as the main cause of such
problems. Observations indicate that most of failures have occurred after rainfall. Based on the Unified Soil
Classification System (USCS), Marl is a clay with low compressibility (CL) in which 95% passed through
the No. 200 sieve. The hydrated lime used in this study was passed through the No. 100 sieve. The pH of
lime is 12.81. In this regard, after determining the geotechnical properties of Marl soil, the improvement of
engineering properties of the samples stabilized with different percentages of lime and Nano-SiO, has been
evaluated at the end of the treatment period. In order to identify present minerals in the soil and investigate
the formation of calcium silicate hydrate compounds in the reaction of soil with lime and Nano-SiO,, the
XDR test was conducted. Also, SEM was used to evaluate the impact of adding lime and Nano-SiO, on the
structure and morphology of the soil. The results showed that the presence of Nano-SiO, in the limestone
system led to the uniform distribution of cement (C-S-H) compounds in the soil. Based on the results, with
increasing the treatment time, lime participation in pozzolanic reactions was increased, also the results
obtained from the Atterberg limits test showed a diminution in the paste limit of the marl sample with
increasing lime and Nano-SiO, values. Based on the results of the Atterberg limits, compared to the outline
of stabilization with increasing lime, the presence of Nano-SiO, in the process of stabilizing with lime led to
4 units' reduction of the plastic limit. Based on the results of the present study, the stabilized marl soil
showed best geotechnical properties in the presence of 6% of lime and 0.7 % of Nano-SiO,.

Key Words: Marl, Lime, Nano-SiO,, Chemical stabilization, XRD.

122





