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Abstract: Soil composition and its properties have an impact on corrosion from a thermophysical and 

biochemical perspective. Soil composition consists of sand, clay, and gravel, which affect its 

thermophysical properties. For example, changes in water and air flow, changes in soil potential, and 

thermal equilibrium can affect the soil corrosion process. Biochemically, the presence of various bacteria, 

fungi, and other biological organisms in soil can affect corrosion activity. This study explores the influence 

of thermophysical and biochemical properties of soil on corrosion morphology. Thermophysical properties 

such as moisture content, thermal conductivity and soil structure significantly affect soil temperature 

distribution and moisture retention, which in turn affect the rate and pattern of corrosion in buried metals. 

Additionally, biochemical properties including the presence of microorganisms, organic content and pH 

levels play an important role in corrosion processes by altering the electrochemical environment. 

Understanding these interactions is essential for predicting corrosion behaviour and developing effective 

strategies to mitigate soil-induced corrosion in various engineering applications 
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I. INTRODUCTION 

Soil represents one of the most active and complex natural systems on the Earth's surface and is composed of six 

components namely inorganic matter, organic matter, soil organisms, soil moisture, soil solution and soil air. 

In natural ecosystems there is the development of soil layers and the accumulation of humus. A portion of the annual 

accretion of minerals from atmospheric inputs, including substrate weathering and N-fixation, becomes stabilized by 

colloids and biota. This builds up the available nutrients in the soil, which increases the fertility of the soil. In assessing 

soil fertility status and in nutrient cycling studies, the determination of nutrient content in forest soils is important. At 

higher altitudes, soil is formed by the process of volatilization. Soils on slopes above a 30°C angle are generally 

shallow, usually very thin-surfaced due to erosion and mass-wasting processes such as skeletal soils with a medium to 

coarse texture, depending on the materials they contain from whom they have been obtained. The interdependence of 

soil, plant and animal has deeply entered human life. Braun-Blanquet (1934) has pointed out a close relationship 

between the natural assessment of vegetation and soil development. Various studies have been done regarding their 

correlation with soil and plant growth in the deciduous forests of the country (Singhal et al., 1980). Therefore the 

present study was undertaken to analyze the physical and chemical properties of soils along the disturbance gradient in 

Ajmer region. 

Failures of buried pipeline systems (water, sewage, oil and gas) due to corrosion are an inevitable concern for owners 

and asset managers in any country, as they reduce the service life of pipelines. The direct cost of replacing drinking 

water and sewage systems is approximately US$36 billion each year in the United States (Koch et al. 2002). In 

Australia, more than 70% of water utilities are made of ferrous metal pipes (Worthington 2011). Failure of these water 

utilities leads to financial losses and sometimes even accidents leading to loss of human lives. According to the 

Australian Corrosion Association's official website (under Cost of failure of urban water infrastructure), the cost of 

corrosion failures associated with water services in Australia is $91 million per year. In Australia, the failure rate 

averages 20 breaks per 100 km per year, and replacement costs have increased by 10% annually since 2006 (National 
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Water Commission Australia 2010). The failure rate of buried pipelines in the UK and Canada has been recorded as 39 

breaks per 100 km annually (Li and Yang 2012). 

On 19 July 2017, a water main line in the Adelaide Central Business District (CBD) suddenly burst during peak traffic 

hours, resulting in massive traffic disruptions and significant financial losses (News Channel South Australia). 

Similarly, sudden bursting of pipes and resulting significant losses in the United States and Britain have been reported 

in news channels and newspapers (CNN and BBC). These pipes are buried underground, making them difficult to 

inspect and maintain at any specific location, in addition to field conditions and environmental changes. The high 

frequency of pipe failures, as explained above, is due to the lack of understanding and inaccuracy of the current theories 

used to predict the failure of buried pipes. Although extensive research related to corrosion failure of cast iron pipes has 

been conducted in different parts of the world funded by local research councils, such as the Australian Research 

Council (ARC) (Australia), National Science Foundation (NSF) (USA). ), the Engineering and Physical Sciences 

Research Council (EPSRC) (UK), and the National Research Council (NRC) (Canada), these failures are still 

inevitable. 

 

1.1 Properties of Soil 

All soils contain mineral particles, organic matter, water, and air. The combinations of these determine the soil’s 

properties – its texture, structure, porosity, chemistry, and colour. 

Knowing a soil’s water, mineral, and organic components and their proportions can help us determine its productivity 

and what the best use for that soil may be. Several soil properties that can be readily tested or examined are used to 

describe and differentiate soil types. 

 
 

1.1.1 Effects on Bio-chemical properties of the soil 

Cation exchange capacity (CEC) 

Increase in soil temperature decreases organic matter Ubeda et al. through combustion. This decrease in organic matter 

and reduction in clay size clay fraction as a result of high temperature leads to a decrease in the cation exchange 

capacity of the soil Certini.34 Increase in soil temperature leads to a decrease in the cation exchange capacity of the 

soil. 

Available phosphorus 

Yilvaiaio et al., observed that water-soluble phosphorus increased with soil temperature from 50c-250c due to the 

increase in the movement of phosphorus in the soil controlled by diffusion. Soils with low temperature have low 

availability of phosphorus because the release of phosphorus from organic material is hindered by low temperature. 

Soil pH 

At a soil temperature ranges of 25℃- 39℃ the soil pH increases as a result of organic acid denaturation which increases 

at high temperature. 
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Inorganic matter present in the Soil: The mineral content of the soil is the major factor that differentiates various 

types of soil. It is so because of its abundance in the soil. 

Organic matter present in Soil: Though these matters present in very small quantities but they play important role in 

deciding the fertility of the soil. 

Colloidal properties of Soil: Colloids are mainly of two types: 

Clay Colloids: they are important for the adsorption of a large quantity of water. 

Organic Colloids: these help in increasing the moisture and nutrient retention capacity of the soil. 

The pH of Soil: The measure of the chemical reaction which a soil shows is expressed by its pH value. The pH value of 

soil determines its acidic or basic nature. 

 

1.1.2 Effects on soil Thermo-physical properties 

Soil structure 

Increase in soil temperature causes temperature induced dehydration of 2:1 clay minerals in the soil leading to strong 

interactions among the clay particles which in turn yield less clay and more silt-sized particles in the soil. High soil 

temperature also leads to heat-induced cracks in the sand-sized particles that eventually lead to breakdown and 

consequently a reduced amount of sand-sized particles in the soil. Increase in soil temperature lowers the clay sand 

contents and increases the silt content. 

Aggregate stability 

At soil temperature above 30oc, the aggregate stability of the soil increases Fox et al. This is as a result of thermal 

transformation of iron and aluminium oxides, causing them to act as cementing agents for clay particles that then form 

strong silt-sized particles in the soil. 

Soil moisture content 

Reductions in soil moisture occur when increased soil temperatures decrease water viscosity, thus allowing more water 

to percolate through the soil profile Broadbent. In addition, reduced shade combined with increased soil temperatures 

also results in higher evaporation rates which in turn restrict the movement of water into the soil profile. 

Soil aeration 

Temperature influences the carbon dioxide content in the soil air. High temperature encourages micro-organism activity 

which results in higher production of carbon dioxide in the soil Allison. 

Soil Texture 

Soil texture defines the proportion in which the soil separates to make the mineral component of the soil. These 

separates can be classified as sand, clay, and silt. Sand and silt are of no importance to the soil as they don’t contribute 

to the soil’s ability to restore water or nutrients. Clay is an active part of soil texture as clay has a small size and it has a 

large amount of surface area per unit mass and it helps in storing ions and water. 

The soil texture refers to the coarseness/fineness of the mineral matter in the soil. It is determined by the proportion of 

the sand, silt, and clay particles. The equal proportion of all three of them is known as loam. Soil texture affects the 

water holding capacity, nutrient retention, nutrient fixation, drainage, compressibility, and aeration of the soil. 

Clay: Particle Size – diameters less than 0.002 millimeter 

Silt: Particle Size – diameters between 0.002 millimeters to 0.05 millimeters. 

Sand: Particle Size – diameters between 0.05 and 2 millimeters. 

 

1.2 Result Analysis  

The chemical properties of soil can influence the corrosion of buried pipes. The chemical elements that are responsible 

for causing corrosion are sodium, potassium, calcium and magnesium, and other are acid-forming elements, such as 

carbonates, bicarbonates, sulfates, and nitrates. The conductivity of electric current (corrosion) largely depends on the 

soluble salts and the moisture content of the soil. There is a voluminous literature on the chemical analysis of soil and 

methods to analyze it which can be referred to for more details (Head and Epps 1986, Peverill et al. 1999). pH is the 

measure of the soil’s alkalinity or acidity, which is the logarithm of the reciprocal of hydrogen concentration. The 

neutrality of a soil is indicated by a pH of 7, while soil below this pH level is acidic and above it is alkaline. The pH of 
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soil can be determined by using pH sensors or ASTM D4972 (2013). The following levels of pH define the nature of 

the soil (Soil Survey Manual 1951): 

 Extremely acidic below 4.5 pH 

 Very strongly acidic--------4.5-5.0 pH 

 Strongly acidic--------------- 5.1-5.5 pH 

 Medium acidic---------------5.6-6.0 pH 

 Slightly acidic------------------6.1-6.5 pH 

 Neutral---------------------- 6.6-7.3 pH 

 Mildly alkaline-------------- 7.4-7.8 pH 

 Moderately alkaline-------- 7.9-8.4 pH 

 Strongly alkaline------------ 8.5-9.0 pH 

 Very alkaline---------------- 9.1 and higher pH 

Clarification with reference to previous studies on how various factors like soil pH, moisture, temperature and SRB in 

soil etc. affect the corrosion behavior of buried pipes is necessary to review them for the present project. 

Over 70% of existing buried pipes in Australia are ferrous metal pipes including cast iron, ductile and steel pipes 

(Kennaway et al 2008). The manufacturing method of these ferrous metal pipes plays an important role in 

understanding the corrosion mechanism of these pipes in soil to predict corrosion and develop materials and techniques 

for corrosion resistance. It has been observed that pipes with different types of construction and metallurgical 

characteristics fail differently due to corrosion (Nicholas and Moore 2009). The reason for this behavior is not well 

understood, but it can have a significant impact on the failure mechanisms of buried pipes. Since the objective of the 

present research is to understand the corrosion mechanisms of buried pipes made of three types of ferrous metal pipes, 

it is essential to know about pipe manufacturing in Australia. This section briefly covers pipe manufacturing processes 

for cast iron, ductile and steel pipes. 

Table 1.1 Chemical composition of mild steel 

C Si Mn P S Cr Ni Cu Mo Al Ti Fe 

0.22 0.55 1.70 0.04 0.03 0.25 0.5 0.4 0.35 0.1 0.04 95.82 

 

Comparison of corrosion behavior of ferrous metal pipes 

There is disagreement among researchers regarding the corrosion behavior of ferrous metal pipes i.e. cast iron, ductile 

iron and mild steel pipes in soil. Some researchers have examined the corrosion behavior of these pipes for comparison 

purposes. Pennington (1967) analyzed the experimental data of Romanoff (1957) and found that the corrosion 

resistance of steel pipes was greater than that of cast and ductile iron pipes. Furthermore, Pennington stated that cast 

iron pipes were more resistant to corrosion than ductile iron pipes. 

Sears (1968) conducted extensive research on the corrosion of ductile and cast iron pipes and buried specimens in 

various soils over 14 years. They found similar corrosion penetration and mass loss in both cast iron and ductile iron 

samples. In contrast, Fuggerson and Nichols (1984) stated that cast iron pipes tend to pit more deeply than ductile iron 

pipes when exposed to the same environmental conditions due to the morphology of cast iron pipes. However, Cox 

(1998) and others postulated that the layered graphite matrix of gray cast iron is a diffusion barrier that not only hinders 

easy access of the corrosant to the ferrite phase, but also traps corrosion products within its matrix. The presence of the 

graphite matrix was thought to be a factor in increasing the service life of cast iron compared to uncoated steel or 

ductile iron pipe exposed to the same soil environment. Other research found no difference in the corrosion resistance 

of ductile and gray cast iron (Cast Iron Pipe Research Association 1964; Rose and Parkinson 1985; NACE 1992). 

Similarly, Lack (1995) found from field testing on samples buried in corrosive clay soils in Europe that ductile iron and 

gray cast iron had similar corrosion resistance. Nevertheless, the corrosion susceptibility of cast iron compared to 

ductile iron has been well recognized by previous studies, such as Romanoff (1964), Rosa and Parkinson (1985), 

Pelletier et al. (2003), Kleiner (2003), Berardi et al. (2008) and Paradkar (2013). 
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According to this recent research, it is clear that cast iron corrodes faster than steel. 

 
Figure 1.1 Comparison of corrosion in steel and cast iron (Hou et al. 2016) 

A comparison of the corrosion of ductile and steel pipes in the context of previous research has shown that ductile iron 

has greater corrosion resistance than steel pipes (Gerhold 1976). Failure in cast iron occurs more suddenly than in steel 

and ductile pipe. Failure of steel and ductile pipe occurs in the form of leakage, with no catastrophic failure. Corrosion 

protection technologies, such as, but not limited to, coatings and cathodic protection, provide resistance to corrosion. 

However, despite all corrosion protection technologies, pipe failure in the form of leaks and ruptures is common in 

almost every part of the world. Interestingly, in rare situations, it has also been observed that some buried pipes have 

been in operation for more than 120 years and no failures have been reported (Nicholls 2009). 

In a recent study, Song et al. (2017) investigated the corrosion behavior of ductile iron and carbon steel in solutions of 

different chloride concentrations. They analyzed corrosion products, corrosion rates and corrosion depths of ductile and 

steel samples. In their analysis of corrosion rates and corrosion depth, they found that steel samples corrode more than 

ductile samples in the same corrosive environment. A comparison of the corrosion rates of ductile and steel specimens 

in solutions of different chloride concentrations is shown in Figure 1.2. 

 
Figure 1.2 Comparison of corrosion in ductile iron and steel (Song et al. 2017) 

Based on the above discussion, it can be inferred that although there is disagreement among researchers regarding the 

corrosion resistance of cast iron, ductile and steel, many studies show that cast iron is more corrosion prone than ductile 
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and steel. It happens. steel. In recent studies, ductile iron has been found to be more corrosion resistant than steel, and 

steel is more corrosion resistant than cast iron in the same corrosive environment. 

 

1.3 Conclusion  

Corrosion is a serious concern for owners and managers of buried ferrous metal pipelines because it can cause structural 

deterioration, which adversely affects the service life of the pipes. Leakage or cracking due to corrosion are commonly 

recognized problems in buried metal pipes that can lead to catastrophic failures, causing significant socio-economic 

losses to consumers and water utilities. Despite the periodic inspection of these buried pipelines and the development of 

corrosion-protection techniques, corrosion-induced deterioration of pipes remains a major problem globally, and 

billions are spent each year on repair and maintenance of corroded buried pipes. Corrosion can change the mechanical 

properties of metals due to chemical and microstructural changes at the macro, micro or nano levels which affects their 

service life. To date it has not been widely explored for buried pipes by other researchers. Therefore, an understanding 

of the corrosion mechanism, its contributing factors and its effect on thermo-physical and bio-chemical properties is 

essential for corrosion protection of newly installed pipes and maintenance of existing pipes. In the research reported 

here, various laboratory-controlled experiments were conducted to observe the variation in the mechanical properties of 

metal pipes in different corrosive soil and simulated soil environments to investigate the major factors affecting the 

corrosion of pipes in soils, including anaerobic bacteria. Will be done The coupled effects of varying acidity and 

saturation on corrosion of gray cast iron samples will be explored by conducting laboratory experiments simulating 

underground corrosion. A correlation between soil corrosion and cast iron simulated soil was demonstrated in 

comparison with previous studies. Most of the experiments were carried out on cast iron and selected ductile iron, and 

mild steel samples were also used in simulated soil solutions for comparison of corrosion severity. Next, the effect of 

corrosion on their fracture toughness induced by different corrosive environments will be investigated. In addition, the 

hydrogen emission of steel pipelines to the soil environment due to the release of hydrogen during the corrosion process 

will also be investigated. Furthermore, the variation in thermo-physical and bio-chemical properties due to corrosion at 

the micro- and nano-scales will be assessed. Based on the analysis of the various test results, it is concluded that 

corrosion has a substantial effect on the thermo-physical and bio-chemical properties of metals, thus forming an integral 

part of the current approach to the design of new pipes and the assessment of the condition of old pipes. 
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