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Abstract: Subgrade is the layer of soil on which the subbase or pavement is constructed, give support to the remaining part of the 

pavement system. It is critical for highway engineers to begin a subgrade with a California Bearing Ratio (CBR) value of at least 

10. Lot of Researches shows that if a subgrade has a CBR value less than 10, the subbase material will divert under traffic 

loadings in the same way as the subgrade and cause pavement degradation. The subbase, the layer of aggregate material just 

below the pavement, gives drainage and stability to the pavement. Undrained water in the pavement substantiate layers can 

freeze and expand, rising internal pressures on the pavement structure. Additionally, flowing water can move soil particles that 

clog drains and, in fusion with traffic, pump fines from the subbase or subgrade. It is therefore essential that highway engineers 

develop a strong, permeable subbase with longitudinal subdrains. This paper provides a literature review on effects of saturation 

on soil subgrade strength. 
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I. INTRODUCTION 

Design of road pavement depends on the strength of subgrade soil. Subgrade strength is decided by CBR (California Bearing Ratio) 

and the results are manifest as CBR value in percentage. The strength of soil can be upgrade by suitably mixing stabilizing proxy 

resulting in decrease of the thickness of the layer. Engineering properties of chosen samples such as unconfined compressive 

strength, proctor density with correspondent to optimum moisture content and CBR were measured for the raw samples of soil. The 

performance of pavements determined by the quality of subgrades and subbases. A firm subgrade and well-draining subbase help to 

produce a reliable pavement.  

A high level of structural uniformity of a subgrade and subbase in terms of essential engineering parameters such as shear strength, 

stiffness, volumetric stability, and permeability is necessary for the constructive performance of the pavement system. A number of 

environmental factors such as temperature and moisture affect these geotechnical qualities, both in short as well as long term. The 

subgrade and subbase act as the foundation for the upper layers of the pavement system and are crucial in resisting the harmful 

effects of climate, as well as stable and advanced stresses that are initiate by traffic. Moreover, there has been a crucial amount of 

research on stabilization/treatment methods, including the use of reuse materials, geotextiles, and polymer grids for the design and 

construction of steady and stable subgrades and subbases. The sub grade is always transformed in saturation level due to rain, 

capillary action, flood or sudden rise or moderate of water table. Variation in moisture level in sub grade causes to decrease the sub 

grade strength.  

And it becomes absolutely essential for an engineer to understand the exact nature of importance of sub grade strength on moisture 

content changes. An appreciation of the dependence of the CBR strength of local soils on water content will contribute towards 

better design and conservation practices. Normally CBR test is an simple and well adopted method administer on soil samples to 

compute the strength of sub grade. However, many other tests are also examined for assessing the sub grade strength. The strength 

of soil, used for sub grade may change on the amount of saturation in it, i.e., amount of water exposed to the soil. Hence, in this 

review an attempt has been made to deviate the degree of soaking and hence the saturation level in different types of soils and 

investigating the engineering properties of soils including CBR at various saturation levels. However, the interaction of geotechnical 

parameters and stabilization/treatment techniques is complex. This has resulted in a delay between the state-of-the-art understanding 

of geotechnical properties of subgrades and subbases based on research findings, and the  design and construction practices for these 

elements. The Engineering properties of Natural soil includes plasticity characteristics, compaction properties, volume stability its 

strength may be enhanced by adding materials such as, Sugarcane bagasse ash, cement, sodium chloride etc. The adjustments in 

properties of these dirt’s basically rely on the sort and measure of fastener, curing conditions, time, natural issue content and the 

level of mud.  
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II. LITERATURE 

Debarati Jana, S. Yamini & Pavan Kumar N. (2018): - Soil is very significant in civil engineering construction. The bad engineering 

property of local soil bring difficulties for construction and therefore its need to upgrade their engineering properties. These include 

soil replacement, preloading, and chemical stabilization. Soils are may categorize into different types i.e., sandy, silty, loamy, and 

peaty, clay, chalky in this present review, he considered sandy red soil; and by adding sugarcane fibres, lime admixture to enhance 

the strength of soil. This review was oriented towards upgrading the strength of soil by using locally available agricultural waste 

fibres to decrease the construction cost. The accelerating agent like Sugarcane fibres (SCF) is added in the soil. The mixing of 

sugarcane fibres with lime, increases specific gravity consistently from 2.34 to 2.42, liquid limit consistently from 28.80 to 29.02, 

plastic limit value has improved from 22.5 to 28.83, the CBR test normally from 3.34 % to 5.68%. Further analysis could be carried 

out on the investigation on the Strength of the Soil under various admixtures such as we can even strengthen the soil by mixing 

different admixtures such as fly ash, marble dust, eggshell, quarry dust.  

Er. Manish Kumar Suman, Er. Sumit Shringi & Dr. Biswajit Acharya (2018): - This paper investigates the use of lime and sugar 

cane bagasse ash (SCBA) as chemical stabilizers in compacted soil blocks. The blocks were tested for flexure and compression in 

both dry as well as saturated state. The tests were conducted at 7, 14 and 28 days of age in order to assess the effects of the addition 

of lime and SCBA on the mechanical properties of the compressed soil blocks. The results shows that blocks manufactured with 

10% of lime in combination with 10% of SCBA showed greater performance than those containing only lime. It changed into also 

concluded that the mixture of SCBA and lime as a substitute for cement inside the stabilization of compacted soil blocks appears to 

be a promising alternative whilst thinking about problems of energy consumption and pollution. The consequences showed that 

sugarcane Bagasse ash stepped forward the geotechnical houses of the soil samples. Sugarcane bagasse ash become consequently 

found as a powerful stabilizer for sub grade soils. With increase percentage of bagasse ash, moisture content of soil samples 

decreases whilst dry density increases. Increasing percent of bagasse ash increase the unique gravity of soil samples and decreases 

the water content. Liquid limit constantly decreases with increasing percent of bagasse ash. 

Sudipta Adhikary & Koyel Jana (2016): - Rice Husk Ash can be a pozzolanic material that is probably possible applied in Soil 

stabilization, although it's moderately created and freely on hand. Once Rice-Husk is burnt under controlled temperature, ash is 

created related degree 25% of Rice Husk’s weight. The development of the Geo-Technical residences of the high-quality grain soil 

with fluctuated charges of RHA became via with the inspire of shifted institutionalize research centre checks. The checking out 

software led on mother soil tests with the aid of mixed with minor rates of rice-husk materials, it's implanted Atterberg limits, 

"California Bearing Ratio(CBR)", "Unconfined Compressive Strength (U.C.S)", and" Standard Proctor take a look at ".It become 

found that a well-known diminishing inside the maximum dry thickness (MDD) and increment in perfect wetness content material 

(OMC) is regarded with increment of the odds (%) of RHA content material and there was conjointly a noteworthy exchange 

seemed in CBR and UCS esteems with the ascent in chances(%) of RHA 

Dilip Shrivastava, Singhai and Yadav (2014): - Black Cotton Soils display high swelling and contracting as soon as provided to 

adjustments in wetness content and thereupon are observed to be maximum tough from designing issues. This behaviour is credited 

to the nearness of a mineral montmorillonite. The wide unfold of the black cotton soil has display challenges and problems to the 

development activities. To stumble upon with it, modern and non-traditional analysis on waste utilization is gaining significance 

currently an afternoon. Soil improvement exploitation the waste product like Slags, Rice husk ash, oxide fume and so forth., in 

geotechnical engineering has been in study from environmental purpose of examine. 

Singh and Gill (2012): Strengthened soils are usually treated as composite substances in with reinforcement resisting tensile 

pressure and interacting with soil via friction. Though there's heap of expertise and understanding with geo-synthetic reinforcement 

of sub-grade soils, numerous pavement disasters nonetheless occur. These screw ups can also be due to lack of knowledge of but 

these substances have an impact on the engineering residences of sub-grade soils and what the top-of-the-line position of 

reinforcement. It is a compressive laboratory software is required to examine electricity traits of every sturdy and un-strengthened 

sub-grade soils at the same time to research their behaviours below cycle main. 

Hussain (2008) Correlated between CBR cost and Undrained Shear Strength from Vane Shear Test. Several soil samples with 

distinctive Plasticity Index and moisture content material were compacted and tested the usage of CBR take a look at and Vane 

Shear test to attain the facts to establish the correlation. He found that CBR value and Undrained shear electricity will increase with 

growth of Plastic index. CBR price and Undrained shear energy from Vane shear take a look at of soil samples are inversely 

proportional with the moisture content [7].  

Cokca et al. (2003) Studied the consequences of compaction moisture content material at the shear strength of an unsaturated clay. 

In this study, the outcomes of compaction moisture content material and soaking on the unsaturated shear power parameters of clay 
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had been investigated. Experiments had been carried out on samples compacted at most suitable moisture content material, on the 

dry side of most fulfilling and at the wet aspect of most useful. He found that attitude of friction decreases hastily with growing 

moisture contents, the brotherly love factor of shear electricity attains its peak cost at around premiere Moisture content material and 

then decreases [8]. 

Razouki et al. (2003) Examined Long–time period soaking impact on strength and deformation characteristics of a gypsiferous 

subgrade soil. The behaviour in the course of long-time period soaking of the California Bearing Ratio (CBR), the resilient modulus 

and the deformation of compacted Iraqi gypsiferous soil containing about 34% gypsum become studied. Sixteen (CBR) samples 

compacted at top-of-the-line moisture content material and 95% of the driest density of the changed AASHTO compaction take a 

look at were organized. The paper famous that a soaking period of 4 days can cause misleading and dangerous results regarding 

electricity, stiffness and deformation of gypsiferous soils. 

Naeini & R. Moayed (2009): - In this observe they arranged three kinds of soil tests with numerous degrees of bentonite on which 

CBR analysis had been done without or with geogrid assist in a single or multilayer. Result demonstrates that growth in versatility 

listing diminishes the CBR esteem in both soaked and unsoaked situation. CBR can be significantly multiplied via utilising geogrid 

support in layers when contrasted and unreinforced, but less esteem when contrasted and single layered fortification.  

Kowalski et al. (2007): - Portland cement is hydraulic cement made through heating limestone and clay aggregate in a kiln and 

pulverizing the ensuing fabric which can be used both to alter or to improve the great of the soil or to rework the soil right into a 

cemented mass with exaggerated electricity and sturdiness. The amount of cement used will rely on whether or not longer the soil is 

to be changed or stabilized. 

Edil et al (2006): - The effect of Rice husk ash on soil changed into investigated through the tests had been conducted like 

Atterberg’s Limits, CBR test. It became evaluated the effectiveness of self- cementing Rice husk ashes from combustion of sub- 

bituminous coal at electrical strength plants for stabilization of soppy pleasant-grained soils. Tests had been performed on soil and 

soil-Rice husk ash combos prepared at completely distinctive water contents. The results indicated that, addition of Rice husk ash 

appreciably increased CBR and resilient  

 

III. EFFECT OF MOISTURE VARIATIONS ON SUBGRADE 

Weizheng, Zhihong Nie, and Junhui Zhang (2016) A collection of repeated loads triaxial checks have been conducted in this 

examine to investigate the influences of compaction density and submit compaction moisture variation on the dynamic elastic 

modulus ( ) and plastic everlasting pressure (PPS) of compacted lateritic soil. Specimens have been compacted at most excellent 

moisture content (OMC) and 3 stages of compaction (ninety%, 93%, and 96%). Then the specimens have been dried or wetted to 

different moisture contents (OMC, OMC ± three%, OMC ± 6%, and OMC + nine%) prior to testing for  and PPS. Results show 

that moisture content has greater influence at the  and PSS than compaction diploma, and the growth in moisture content ends in 

a lower of  and a boom of PPS. Furthermore, an empirical dating among  and applied cyclic stress ( ) is evolved that 

incorporates density and moisture variations. Three specific evolution styles of PPS with number of load cycles, plastic strong, 

plastic creep, and incremental fall apart, are recognized because the increase of moisture content material. In addition, the critical 

dynamic pressure ( ) setting apart solid and volatile deformation is decided based totally on the shakedown idea. The envelope 

curves of -moisture of lateritic soil with one-of-a-kind levels of compaction are also decided to provide reference for the 

pavement design. 

Kim (2011) Studied the variation of shear electricity of weathered granite soil with water content material. This takes a look at 

investigates the effects of preliminary water content and disturbance on the energy reduction for both disturbed and undisturbed 

samples of weathered granite soil in Korea the usage of direct shear test. Several collections of directs shear assessments had been 

done on undisturbed or disturbed samples with numerous water contents below everyday strain starting from 30 KPa to a hundred 

and forty KPa. He observed out that brotherly love and friction angle of weathered granite soils linearly lower with a growth in 

diploma of saturation  

Blazejczak et al. (1995) investigated the effect of soil water conditions and soil compaction on the age hardening process of loamy 

sand and silty loamy sand in relation to the tensile strength. Soil samples were moulded at water contents 10%,15%,20% and 

compacted upto1.35,1.45,1.55g/cm3. At intervals after moulding, the tensile strengths of the moist samples were measured with the 

indirect tension test. High water content had a negative effect on the tensile strength of soil at constant bulk density. High bulk 

density, however, had a positive effect on tensile strength at constant water content. 
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Gager, Duigou, Bourmaud, Pierre, (2019) The influence of microstructure with various porosity content material (Φ = 5, 30, 50%) 
on the mechanical and hygroscopic behaviours is studied and as compared to glass/PP composites as a baseline. No sizable 

modifications within the moisture content material and mechanical residences of glass-fibre reinforced composites are determined. 

For flax fibre nonwoven composites, the porosity substantially affects the kinetic of sorption with moisture saturation varying from 

9 hours to 15 days with decreasing voids. Hygroscopic enlargement is infrequently changed by way of the porosity content material 

even as anisotropic growth is continually determined. Tensile behaviour and homes are slightly changed over quite a number 10-

75% RH but negatively impacted among 75% and 98% RH. Interestingly, in contrast to the tangent tensile modulus and strain at 

rupture of flax/PP composites, the yield power reveals a non-monotonic trend with an optimum value over 50% RH; compressive 

stresses on the fibre/matrix interface induced by means of flax fibres hygroexpansion are proposed to give an explanation for this 

trend. 

 

A. Recommendable Properties Of A Subgrade Soil 

The useful properties of sub grade soil are: 

1) Good drainage 

2) Permanency of strength  

3) Incompressibility  

4) Stability 

5) Ease of compaction  

6) Small changes in volume and stability under unfavourable conditions of weather and ground water  

 

B. Soil Types  

The vast range of soil types available as construction materials have made it mandatory on the part of the highway engineer to 

identify and group different soils. A survey of regional available materials and soil types conducted in India show wide variety of 

soil types, gravel, moo mainly rum and naturally occurring soft aggregates, which can be used in road construction. Mainly, the soil 

types can be categorized as: 

1) Laterite soil,  

2) Alluvial soil, 

3) Moorum / red soil, 

4) Desert sands,  

5) Clay including Black cotton soil 

 

IV. CONCLUSION 

In this paper the author has studied that numerous pavement layers are very much dependent on the energy of the sub grade soil 

over which they are going to be laid. Sub grade strength is mainly expressed in terms of California Bearing Ratio. Weaker sub grade 

mostly requires thicker layers whereas stronger sub grade goes well with filmy pavement layers. The sub grade is always subjected 

to change in saturation level due to precipitation, capillary action, flood or sudden rise or moderate of water table. Variation in 

moisture level in sub grade reason to change in the sub grade strength. And it becomes quite required for an engineer to understand 

the exact nature of dependence of sub grade strength on moisture changes. A comprehension of the compulsion of the CBR strength 

of local soils on water content will contribute towards better design and maintenance practices. 
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