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Abstract: Lime for the most part works on the presentation of soils. Be that as it may, a few cases revealed an antagonistic impact. To 

foster a comprehension of the basic instruments, a methodical report covering a wide scope of versatility and mineralogy of soils was 

completed. Six distinctive soil tests were reconstituted utilizing two limit kinds of soils, as such, a montmorillonite rich broad soil and a 

silica-rich non-far reaching soil. The impact of lime adjustment on these dirts was assessed through assurance of geotechnical properties 

like fluid cutoff, plastic breaking point, enlarge, compressive strength, mineralogy, and microstructure. An ideal lime content past which 

the strength improvement diminished was found. This wonder is all the more noticeably saw with silica-rich soils that structure silica gel. 

As the silica gel is exceptionally permeable, when shaped in huge scope the strength acquire from cementation is generously countered by 

the strength misfortune from gel pores, leading to a noticeable decrease in by and large strength. Moreover, the gel materials hold a lot of 

water, prompting expanded versatility and enlarging. Subsequently, unreasonable lime treatment ought to be kept away from for silica-rich 

soils. 
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Introduction 

Lime, or CaO or Ca OH 2, the burned byproduct of lime stone 

(CaCO3), is one of the oldest developed construction materials, 

and humans have been using it for more than 2,000 years, when 

the Romans used soil-lime mixtures to construct roads. However, 

its utility in modern geotechnical engineering applications was 

limited until 1945, mostly because of lack of proper understanding 

of the subject (Herrin and Mitchell 1961). Today, lime stabilization 

of soils is widely used in several structures such as highways, rail- 

ways, airports, embankments, foundation base, slope protection, 

canal linings, and others. (Anon 1990; Wilkinson et al. 2010). This 

prevalent use of lime is primarily because of its overall economy 

and ease of construction, coupled with simplicity of this technology 

that provides an added attraction for engineers. Several research 

studies highlighted the beneficial effect of lime in improving soil 

performance. 

An important phenomenon reported by many researchers is the 

ability of lime to change the plasticity of soils. Both the liquid limit 

and the plastic limit indices, where the plastic limit indicate the 

plasticity of soil, are influenced by lime, which affects the thickness 

of the diffuse hydrous double layer surrounding the clay particles. 

Whereas the liquid limit of clay soils is found to decrease with in- 

creased lime content (Wang et al. 1963; Bell 1988), the plastic limit 

generally shows an increasing trend (Herrin and Mitchell 1961; 

Barker et al. 2006). A greater amount of clay results in a higher, 

lime-induced increase in the plastic limit (Hilt and Davidson 1960). 
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Correspondingly, the plasticity index, the mathematical 

difference of the liquid limit and the plastic limit that quantifies 

the plasticity of soils, is generally found to decrease with lime 

amendment (Herrin and Mitchell 1961; Bell 1988), making the 

soil more friable and therefore more workable. 

High plastic soils generally contain clay minerals such as 
mont- 

morrilonite, which has large affinity for water. Therefore, such 

soils undergo large swelling, leading to severe distress and 

damage to the overlying structures (Petry and Little 2002). 

Through physico- chemical modifications, lime can effectively 

control the swelling of soils (Mateos 1964; Bhasin et al. 1978). 

Correspondingly, the swell pressure and, hence, damage and 

distortion of the superstructure substantially decreased 

(Wilkinson et al. 2010). 

Apart from modifying the plasticity and swelling 
characteristics, 

lime can stabilize the soils through cementation, giving rise to 

vis- ible increases in strength and stiffness (Bell 1996; 

Rajasekaran and Rao 2000; Consoli et al. 2011). The cementation 

is primarily attrib- utable to pozzolanic reactions and can 

significantly improve the long-term performance of the stabilized 

soils (Rogers et al. 2006; Khattab et al. 2007). Several case 

studies highlighted the applica- tion of lime stabilization in 

improving the performance of problem- atic soils (Joshi et al. 

1981; Petry and Little 2002; Wilkinson       et al. 2010). 

However, in some cases, lime is reported to produce adverse 

effects on the performance of soils. Increases in the liquid limit 

and plasticity index (Clare and Cruchley 1957; Prakash et al. 

1989; Bell 1996) indicate that lime increased  the plasticity of    

the soils that it treats. This result  is suggested  from  the  action 

of hydroxyl ions modifying the water affinity of the soil 

particles. Moreover, increase in lime content beyond a certain 

limit was found to decrease the strength gain (Hilt and Davidson 

1960; Herrin and Mitchell 1961; Bell 1996; Kumar et al. 2007). 

Because lime itself has neither appreciable friction nor cohesion, 

excess of lime is postulated to reduce its strength. However, soil-

lime stabi- lization is dependent on several factors such as soil 

type, its min- eralogy, lime content, and curing period, and is a 

complex problem that needs careful reevaluation. 
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Conclusions 

Lime generally improves the engineering performance of soils. 

However, in some cases, lime has been reported to have an 

adverse effect. To develop an understanding of the possible 

mechanisms involved, a series of experiments through careful 

variation of differ- ent parameters were carried out, based on 

which the following conclusions are drawn. 

The liquid limit of soils initially decreases with an increase in 

lime content. This result is attributed to a reduction in the 

thickness of the double layer attributable to increased electrolyte 

concentra- tion in the pore fluid. In the process, the charge 

concentration of the pore water increases. As a result, the 

viscosity of the pore water increases and it offers higher 

resistance against interparticle movement, leading to an 

increased plastic limit. However, beyond approximately 5% of 

lime content, the consistency limits no longer change, indicating 

that the workability of the soils cannot be im- proved further. 

However, for silica-rich soils at relatively higher content of lime 

and prolonged curing period, both the liquid limit and plastic 

limit have exhibited phenomenal increases and the soil turned to 

be increasingly plastic. This phenomenon occurred be- cause lime 

produces calcium silicate gel upon reacting with silica, and the gel 

is a viscous material that holds a large amount of water onto itself 

and therefore enhances soil plasticity. 

Correspondingly, the swell potential of soils initially decreases 

with increased percentage of lime to a practically negligible value, 

beyond which it once again increases as lime content increases. The 

lime content at which swelling begins to increase is approximately 

5% for fine-grained soils and approximately 9% for coarse-grained 

soils. With coarse particles, the intergranular voids are larger. 

Therefore, the cementatitious gel formed is initially contained 

within the void space and does not contribute to swelling. Only 

with a higher percentage of lime is the gel formed sufficiently large 

in quantity to fill the intergranular voids, then the external swelling 

begins. Hence, apart from plasticity characteristics, the grain size 

distribution also plays a significant role in the swelling behavior of 

the lime-treated soils. 

The major cementitious compounds formed are gyrolite, 

calcium silicate hydrate, and calcium aluminum silicate hydroxide 

hydrate, which significantly improve the strength and stiffness of 

the soil. However, beyond certain limits, further addition of lime 

 
 

 
 

 

reduced improvement in strength, more prominently in case of silica-rich soils. This reduction in strength is attributed to the excess formation 

of silica gel, a highly porous material. The increased d-spacing of the compounds establishes the formation of such porous structure. As a 

result, the strength gain from cementation is substantially undermined. Therefore, in such soils, excessive lime treatment should be avoided. 
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