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1-Introduction

Soil is one of the essential building materials, and the primary support of structures has long been a human
interest. However, due to weakness in shear strength and lack of resistance to tensile forces, researchers have
consistently sought to increase its bearing capacity, strength, and improve its properties and various methods
including mechanical modification such as compaction, chemical modification such as treatment with lime or
cement (Al Aghbari, 2005; Tang et al., 2007).

One of the most important issues that should be considered in soil projects is the problematic soils. The most
important problematic soils are collapsible soils. If these soils are not identified, if structures, roads, or railroads
are built on them, water infiltration into the soil can cause significant problems. Loess deposits are common
examples from collapsible soils that, based on their considerable distribution in Iran, research has been done on
different aspects.

Loess soil combined with fibers and lime has good integrity, and consistency and causes form a composite
material. Threads of fibers are distributed throughout the soil volume, and in different directions, it will create a
homogeneous soil (Maher and Gray, 1990).

In this study, to improve geotechnical properties of silty loose soil, lime, glass fiber, and combined lime and
glass fiber as a stabilizer be used.

2-Methodology

In this study, lime and glass fibers were used to improve the silty loess soil. The silty loess soil was sampled
from a Golestan province region and transferred to the Soil Mechanics Laboratory of the Shams University of
Gonbad-e-Kavos, to achieve this. Then, to compare soil stabilization and reinforcement, the effect of lime and
glass fiber, each individually and simultaneously on geotechnical characteristics of silty loess soil, has been
investigated. The percentages of mixing for lime is (0%, 4% and 8% of dry weight of soil) and glass fiber (0%,
0.3%, 0.6%, 0.9%, 1.2%, 1.5% and 2% of dry weight of soil). The mixing rate and different curing periods on
the compaction behavior, compressive strength, and shear strength of the samples have been investigated.

3- Results and discussion

For samples mixed with 0% glass fiber, 4% and 8% lime, the optimum moisture content and maximum dry unit
weight have increased and decreased, respectively. For soil mixed with 4% lime, the optimum moisture content
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and maximum dry unit weight were 15% and 1.75 g/cm3. In 8% lime, the optimum moisture content and
maximum dry unit weight were 15.5% and 1.72 g/cm3.

For samples containing 0% lime and different percentages of fibers, the optimum moisture first decreased and
increased. However, the maximum dry unit weight has a decreasing trend, and it reached from 1.76 g/cm3 for
natural soil to 1.72 g /cm3 for the sample with 2% fibers. For other samples, the soil mixed simultaneously with
lime and fibers, the optimum moisture content increased, and the maximum dry unit weight decreased.

When the soil is mixed with lime alone, with increasing lime, the amount of soil strength increased during all
curing duration. When soil is mixed simultaneously with lime and fibers, in samples with short curing duration
(1 and 7 days), samples with 8% lime have more strength. However, in the 28-day curing duration, samples
containing 4% lime have more strength.

By increasing the curing duration from 7 to 28 days, the internal friction angle increases for a soil sample with
specified lime and fibers. Where the soil is only reinforced with glass fibers (0% lime), the amount of soil
cohesion increases increasing fiber content, so that by increasing the fiber content to 2%, Soil cohesion reached
0.37 kg/cm2. The cohesion of natural soil is 0.03 kg/cm?.

4-Conclusion

The results of unconfined compressive strength tests showed that adding glass fiber to lime stabilized soil
significantly increases the compressive strength of the samples, increases the strain of the rupture, and reduces
the cracks' width. In the direct shear test, it was observed that mixing the soil with lime and glass fibers
increases the shear strength, increases displacement at failure, increases the soil's friction angle, and increases
cohesion. Unconfined compression strength and direct shear tests showed that there is a fiber percentage that, by
increasing the fiber percentage from that, the strength decreases. This amount of fiber was obtained in most tests
between 0.9 to 1.2% fibers.
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Table 1. Soil samples made with different amounts of materials.
Soil Sample - % Of r_naterials -
Soil Lime Fibr
Natural Soil (With 0% Lime) 100 0 -

Soil with 4% Lime 96 4 -

Soil with 8% Lime 92 8 -
Soil with 0.3% Fibr 99.7 - 0.3
Soil with 0.6% Fibr 99.4 - 0.6
Soil with 0.9% Fibr 99.1 - 0.9
Soil with 1.2% Fibr 98.8 - 1.2
Soil with 1.5% Fibr 98.5 - 15

Soil with 2% Fibr 98 - 2
Soil with 4% Lime and 0.3% Fibr 95.7 4 0.3
Soil with 4% Lime and 0.6% Fibr 95.4 4 0.6
Soil with 4% Lime and 0.9% Fibr 95.1 4 0.9
Soil with 4% Lime and 1.2% Fibr 94.8 4 1.2
Soil with 4% Lime and 1.5% Fibr 945 4 15

Soil with 4% Lime and 2.0% Fibr 94 4 2
Soil with 8% Lime and 0.3% Fibr 91.7 8 0.3
Soil with 8% Lime and 0.6% Fibr 91.4 8 0.6
Soil with 8% Lime and 0.9% Fibr 91.1 8 0.9
Soil with 8% Lime and 1.2% Fibr 90.8 8 1.2
Soil with 8% Lime and 1.5% Fibr 90.5 8 15

Soil with 8% Lime and 2.0% Fibr 90 8 2
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Table 2. Some physical and mechanical propertiesof glass fibers used in this study.

Length (mm) 14
Specific weight 2.56
Young's modulus (Gpa) 77
Tensile strength (MPa) 1700
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Fig. 6. Pop-up mold for making specimens of unconfined compressive strength.
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Table 3. Results of compaction tests on soil samples.

Soil Sample (37‘;‘;;3{) V(\{;St

Natural Soil (With 0% Lime) 1.76 14.50
Soil with 4% Lime 1.75 15.00

Soil with 8% Lime 1.72 15.50

Soil with 0.3% Fibr 1.75 14.50

Soil with 0.6% Fibr 1.75 13.60

Soil with 0.9% Fibr 1.73 14.10

Soil with 1.2% Fibr 1.73 14.30

Soil with 1.5% Fibr 1.72 14.50

Soil with 2% Fibr 1.72 14.50

Soil with 4% Lime and 0.3% Fibr 1.70 14.60
Soil with 4% Lime and 0.6% Fibr 1.68 15.00
Soil with 4% Lime and 0.9% Fibr 1.66 15.70
Soil with 4% Lime and 1.2% Fibr 1.66 15.80
Soil with 4% Lime and 1.5% Fibr 1.65 15.80
Soil with 4% Lime and 2.0% Fibr 1.65 16.20
Soil with 8% Lime and 0.3% Fibr 1.69 16.30
Soil with 8% Lime and 0.6% Fibr 1.67 16.30
Soil with 8% Lime and 0.9% Fibr 1.67 15.50
Soil with 8% Lime and 1.2% Fibr 1.66 16.20
Soil with 8% Lime and 1.5% Fibr 1.66 16.20
Soil with 8% Lime and 2.0% Fibr 1.65 16.20
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Fig. 10. Optimum moisture variations for soil samples mixed with lime and fiber.
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Table 4. Results of unconfined compressive strength tests on soil samples.
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Soil Sample Unconfined compressive
strength (kg/cm?)

1 day 7 day 28 day

Natural Soil (With 0% Lime) 1.00 -
Soil with 4% Lime 1.29 3.65 7.93
Soil with 8% Lime 1.62 5.89 13.10

Soil with 0.3% Fibr 1.35 -

Soil with 0.6% Fibr 1.97 -

Soil with 0.9% Fibr 2.09 -

Soil with 1.2% Fibr 2.02 -

Soil with 1.5% Fibr 1.87 -

Soil with 2% Fibr 1.49 -
Soil with 4% Lime and 0.3% Fibr 1.68 4.96 13.74
Soil with 4% Lime and 0.6% Fibr 1.88 5.68 15.23
Soil with 4% Lime and 0.9% Fibr 1.93 6.11 16.83
Soil with 4% Lime and 1.2% Fibr 244 7.80 15.00
Soil with 4% Lime and 1.5% Fibr 2.86 9.58 14.89
Soil with 4% Lime and 2.0% Fibr 3.11 6.92 13.49
Soil with 8% Lime and 0.3% Fibr 1.92 7.37 13.23
Soil with 8% Lime and 0.6% Fibr 2.17 7.53 13.94
Soil with 8% Lime and 0.9% Fibr 2.75 8.58 15.90
Soil with 8% Lime and 1.2% Fibr 2.98 8.94 13.41
Soil with 8% Lime and 1.5% Fibr 3.10 9.91 13.14
Soil with 8% Lime and 2.0% Fibr 3.69 7.93 12.54
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Fig. 12. Unconfined compressive strength variations for soil samples mixed with lime and fiber (curing duration of 1 day).
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Fig.13. Unconfined compressive strength variations for soil samples mixed with lime and fiber (curing duration of 7 day).
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Fig. 14. Unconfined compressive strength variations for soil samples mixed with lime and fiber (curing duration of 28 day).
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Table 5. Results of direct shear tests on soil samples.

Aol Sk iy Cwglie loyiel)ly el sud plol aype e ile
6&&&)] =l 5l ol Cowts (C) ujw 5 (@) Ll Sl

curing duration of 1 day curing duration of 7 day curing duration of 28 day
Soil Sample
C (kglcm?) ¢ (degree) | C (kg/cm?) | o (degree) | C (kg/cm?) ¢ (degree)

Natural Soil (With 0% Lime) 0.03 255 - - - -
Soil with 4% Lime - - 0.20 28.6 0.30 36.2
Soil with 8% Lime - - 0.25 30.5 0.30 39.2

Soil with 0.3% Fibr 0.15 29.9 - - - -

Soil with 0.6% Fibr 0.18 30.0 - - - -

Soil with 0.9% Fibr 0.26 30.3 - - - -

Soil with 1.2% Fibr 0.30 31.9 - - - -

Soil with 1.5% Fibr 0.34 33.0 - - - -

Soil with 2% Fibr 0.37 28.4 - - - -
Soil with 4% Lime and 0.3% Fibr - - 0.28 31.2 0.30 36.9
Soil with 4% Lime and 0.6% Fibr - - 0.30 325 0.36 38.4
Soil with 4% Lime and 0.9% Fibr - - 0.30 33.0 0.36 39.4
Soil with 4% Lime and 1.2% Fibr - - 0.31 33.3 0.40 36.0
Soil with 4% Lime and 1.5% Fibr - - 0.30 30.7 0.37 35.3
Soil with 4% Lime and 2.0% Fibr - - 0.27 30.8 0.36 33.7
Soil with 8% Lime and 0.3% Fibr - - 0.27 33.6 0.31 40.3
Soil with 8% Lime and 0.6% Fibr - - 0.30 34.1 0.33 42.0
Soil with 8% Lime and 0.9% Fibr - - 0.32 35.5 0.33 43.0
Soil with 8% Lime and 1.2% Fibr - - 0.33 36.8 0.32 42.3
Soil with 8% Lime and 1.5% Fibr - - 0.30 35.4 0.33 39.1
Soil with 8% Lime and 2.0% Fibr - - 0.30 34.1 0.33 36.4
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Fig. 15. Internal friction angle variations for soil samples mixed with lime and fiber (curing duration of 7 day).
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Fig. 16. Internal friction angle variations for soil samples mixed with lime and fiber (curing duration of 28 day).

0.4
=—e+—Natural Soil (0% Lime)
0.35 A —+—Soil with 4% Lime
03 4 —e— Soil with 8% Lime
o 025 4
—Eh 0.2 o
=015
0.1 4
0.05
() T T T T T T
0 03 0.6 09 12 15 18 2.1
Fibr (%)

.(o)'” N 6)5" J.o.c 5)5.)) JL.N 9 Sal Lv 0l «_A..S).» S LSL:M\J}QJ 6‘)‘.’ ;w Qlﬁ.:.ii'—\\/ sz;
Fig. 17. Cohesion variations for soil samples mixed with lime and fiber (curing duration of 7 day).
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Fig. 18. Cohesion variations for soil samples mixed with lime and fiber (curing duration of 28 day).
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