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Evaluation of the geotechnical specification of weak
problematic treated soils in the application of lime, fly-ash,
and rubber waste

Abstract:

Some construction projects require building on weak or problematic soils. The subgrade layer of
roads or construction areas may consist of weak clays or sand that needs modification. In the past,
combining lime and fly ash has improved soil adhesion. In hot and desert areas, these materials reduce
foundation settlement and create a strong roadbed layer. Recently, there has been a focus on using
recycled materials and industrial wastes due to environmental concerns. Due to the different
performance of traditional additives with rubber waste, it is necessary to investigate the simultaneous
effect of waste rubber components, traditional materials, and fly ash, which is abundant in the desert
regions of Iran. This study investigates the impact of adding rubber powder and rubber fibers to lime
and lime-fly ash improved soil. The results indicate that adding rubber powder increases the soil's
compressive strength and other resistance parameters. Moreover, it enhances ductility. Additionally,
using rubber fibers significantly improves compressive strength, ductility, elastic modulus, bulk
modulus, resilient modulus, and shear resistance, although it reduces the failure strain. It is obvious
that the improvement of the geotechnical characteristics of the improved soil is proportional to the
optimal selection of additives and reinforcement. Overall, adding 12% worn rubber powder and 1%
rubber fibers to lime-fly ash provides the most suitable result for soil improvement.

Keywords: Rubber powder, rubber fibers, weak soils, fly ash, lime,
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Figure 1: Particle size distribution curve for the coarse-grained and fine-grained soils
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Table 1. Mechanical properties of the studied soils
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Table 2: Chemical features of used fly ash
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Figure 2: Used materials (a) fly ash (b) rubber powder (c) rubber fibers
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Figure 3: Results of chemical analysis of lime used in this study
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Table 3: Mixing plan for lime concrete samples with and without addetive mateials
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Table 4: Mixing plan for lim- concreate and fly ash samples with and without addetive mateials
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Table 5. Geotechnical parameters of lime-concreate samples with different percentages of rubber powder
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Table 6. Geotechnical parameters of lime-concreate samples with different percentages of rubber fiber
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M, (MPa) = 0.124 x UCS(KPa) + 68.8 )
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Figure 4. Mechanical parameters of lime concrete samples at the different curing times
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Figure 6. Effects of the rubber powder on the failure strain
of lime concrete samples at the curing timeS
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Figure 8. Effects of the rubber powder on the resilient
modulus of lime concrete samples at the curing times

12

SIIRN

ﬂﬂﬂﬂﬂﬂﬂ

+Sal

Mo, Y Mo, Y Mgy, YA

[,
o

o

(MPa) 3L J s
= o

N

o

TE+Sal JA+Sal 7Y +Sal S Sal YerSal LY0 +Sal LY
St [jog S j0g SetwY jg S jog Sy jog Sy e Sy jog

Jose y Sy jogs ilizko slaauo o (109381 Jil (()e) o
ol (5591 Joe syl yo Sl anid S digos oo

Figure 7. Effects of the rubber powder on the bulk modulus
of lime concrete samples at the curing times
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Figure 5. Effects of the rubber powder on the maximum
compressive strength of lime concrete samples
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Figure 7. Effects of the rubber powder on the secant
modulus of lime concrete samples at the curing times
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Figure 6. Effects of the rubber powder on the shear
modulus of lime concrete at the curing times
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Figure 9. Effects of tire fiber on the failure strain of lime
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Figure 14. Effects of the tire fibres on the resilient modulus

of lime concrete samples at the curing times
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Figure 8. Effects of tire fibres on the maximum compressive

strength of lime concrete samples at the curing times
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Figure 16. Effects of rubber fibre on the bulk modulus of

lime concrete samples at the curing times
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Table 4: geotechnical parameters of mixture of lime and fly- ash samples with different percentages of rubber powder
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Table 5: geotechnical parameters of mixture of lime and fly- ash samples with different percentages of rubber fibers
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