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PIPE BURSTING – FINITE ELEMENT ANALYSIS FOR ESTIMATION  A. Chennakesava Reddy Professor, Department of Mechanical Engineering JNTUH College of Engineering, Hyderabad  Pipe bursting is a trenchless method of replacing buried pipelines (such as sewer, water, or natural gas pipes) without the need for a traditional construction trench. "Launching and receiving pits" replace the trench needed by conventional pipe-laying. For years, ductile iron and steel pipe has been a major limitation of pipe bursting. See how the recently introduced hydraulically operated Grundoburst pipe bursting system makes bursting ductile iron and steel pipes a problem of the past. 
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 Underground service utilities in many American cities have been in place for over 100 years. While existing systems have functioned well beyond reasonably anticipated service life, underground systems are mostly deteriorated and need costly maintenance and repair. Common problems involve corrosion and deterioration of pipe materials, failure or leakage of pipe joints, and reduction of flow due to mineral deposits and debris build up inside the pipe. Damage to existing pipes can also occur by ground movements due to adjacent construction activity, uneven settlement or other ground instability. This leads to infiltration and inflow (I&I) increase in sewer systems. In water systems, it leads to flow and pressure reductions, persistent leakage (up to 30 percent of water provided in some systems), pipe bursts, and poor water quality. These problems tend to increase with the age of the network where maintaining this large network of underground sewer, water, and gas pipelines is difficult and costly. The above problems are compounded by the significant negative impacts (of open cut repair or replacement projects) on the daily life, traffic, and commerce of the area served by and along the pipeline in question. The internal surface of the PE pipe is smoother than those of the concrete or clay pipes. For gravity applications, after some algebraic manipulation to the following Chezy-Manning equation, it is can be demonstrated that the flow capacity of the PE is 44% more than those of the concrete or clay pipes considering the internal diameter for the old clay or concrete pipe equals that of the replacement PE pipe. 
 The n value ranges for clay or concrete pipes between 0.012 and 0.015 (on average about 0.013), and it is about 0.009 for PE (Lindeburg 1992). The increased depth has a minimal effect on the cost per foot for pipe bursting as shown in Figure (Poole et al 1985). Specific studies carried out in the US have shown that pipe 
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bursting cost savings are as high as 44% with an average savings of 25% compared to open cut (Fraser et al 1992). This cost saving could be much more if the soil is hard rock because rock excavation is extremely expensive compared to pipe bursting. Additionally, open cut can cause significant damage to nearby buildings and structures (Atalah 2004). 

 

 The PE pipes are available with iron pipe sized (IPS) or ductile iron pipe sized (DIPS) outside diameters. PE pipes are extruded with fixed outside diameter with variance in the inside diameter controlled by the Standard Dimensional Ratio (SDR) as shown in following equation:  The PE pipe should withstand the internal pressure requirements of the water or the force main line, overburden dead and live loads, and pulling forces during the bursting phase. The SDR of the PE pipe is a major factor in the ability of the pipe to withstand the installation forces and service pressures. Experience has shown that SDR 17 is 
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sufficient for gravity sewer applications, and thinner wall pipes with SDR of 19 or 21 can be used in shorter and smaller diameter applications. Thinner wall pipes tend to stretch excessively during bursting. For pressure applications, if the maximum allowable design pressure is less than 100 psi, SDR of 17 is sufficient. If the maximum allowable design pressure is more than 100 psi, the allowable pressure governs the needed SDR. If the allowable pressure is 150 psi, PE pipe with SDR 11 meets needed pressure requirements. In most trenchless applications, but not always, the pipe that withstands the pulling stresses during installation can withstand the vertical overburden and traffic pressures. The pipe stresses caused by construction are higher than those caused by vertical pressures. However, each application is different; it is possible that a specific application can require a different SDR. An engineering analysis is suggested for very deep or very shallow installations. Deep installations may be subject high overburden pressures, and shallow installations may be subject to high concentrated traffic loads that the pipe has to withstand. Corrosion has become one of the main threats towards maintaining pipeline’s integrity. At the point of corrosion, the wall of the pipe becomes thinner and starts to lose its mechanical resistance. Methods for assessing metal loss defects have been available for many decades, as for instance the NG-18 equation and ANSI/ASME B31G code. Throughout the years many modifications to the original equations have been made and newer methods like Modified B31G and RSTRENG were adopted. These days, several in-house methods and commercial codes are available but they are known to be conservative. Therefore, pipeline operators need reliable defect assessment methodology not only to assure safe operation but also to implement optimum operation cost. Based on these motivations, in the recent years various alternative methods have been developed mostly based on finite element studies and burst tests. This study presents the application of nonlinear finite element analyses for burst strength analysis of corroded pipe. REFERENCES 1. A. Chennakesava Reddy, Safety Failure Criteria of Fluorocarbon Plastic Pipes for Dry Chlorine Transport using Finite Element Analysis, International Conference on Advancements in Materials for Manufacturing, Hyderabad, 2016. 2. Chennakesava R Alavala, Reliability computation of bursting strength of ammonia pipelines based on Choi’s criterion, International Journal of Innovative Research in Science, Engineering and Technology, Vol.5, No.1, pp.28-36, 2016.  3. Chennakesava R Alavala, Dependability of bursting strength on sulphate reducing bacteria promoted corrosion of natural gas pipelines, International Journal of Scientific & Engineering Research, Vol.7, No.1, pp.51-57, 2016. 4. Chennakesava R Alavala, Influence of Chlorine Induced Corrosion and Temperature of Exothermic Reaction on Failure of Methyl Isocyanate (MIC) Storage Tanks, American Journal of Engineering Research, Vol.5,  No.2, pp.1-9, 2016. 5. A. Chennakesava Reddy, Application of Eulerian and Lagrangian couplings to estimate the influence of shock pressure loading on the submersible hull using finite 
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