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ABSTRACT 

This research employs the finite element method to model surface blast loads and predict the response of empty 

underground pipes. The study examines various responses, including external work, energy, and viscous dissipation 

within subterranean pipelines. Blast loads of different magnitudes, ranging from 10 kg TNT to 250 kg TNT, are 

investigated. The Unified Facilities Criteria (2008) guidelines for surface blasts with commonly used explosives are 

utilized, considering different stand-off distances. The study assumes soil and pipe materials to be elastic, homogeneous, 

and isotropic, drawing on geotechnical and material properties from existing research and pipe manufacturers. 

Underground pipe responses to surface blasts are analyzed using the time integration technique in ABAQUS/Explicit, a 

finite element numerical code. The study observes the external work, energies, and viscous dissipation in underground 

steel and concrete pipes buried at various embedment ratios in loose sand, dense sand, and undrained clay. The findings 

suggest that employing loose backfill material around underground pipes may reduce the impact of blast loads on them. 
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1. INTRODUCTION 

 Background Study 

The destructive potential of blast events is well-documented, with tremors capable of causing extensive damage to 

substructures across wide areas (Talmadge and Yuasa, 2011). According to Marusek (2008), the severity of destruction 

caused by explosions varies significantly. Blast waves with an overpressure of 21 kPa have been reported to be lethal to 

individuals caught in the open, while typical residential structures may collapse under an excess pressure of 35 kPa. 

Moreover, blast waves exceeding 83kilopascals can reduce large office buildings to rubble, and at 138 kPa, reinforced 

concrete structures can be completely leveled (Marusek, 2008). An example illustrating the devastating impact of such 

events is the Ibadan explosion of January 16, 2024, as reported by Punch on February 7, 2024. Given the profound 

consequences of blast-induced earth tremors, blast events can be likened to artificial earthquakes. This study focuses on 

evaluating the responses of simulated underground empty pipes to surface blast loads using the finite element numerical 

code, ABAQUS. The material properties considered, including those of the ground medium, intervening medium, and 

pipes, are constrained to linear, elastic, homogeneous, and isotropic materials. 

The blast effects resulting from an explosion manifest as shock waves comprised of high-intensity pressure waves that 

emanate outward from the explosive's surface into the surrounding atmosphere. As these waves propagate, they undergo 

a process of decay in strength, elongation in duration, and reduction in velocity. This evolution occurs due to both 

spherical divergence and the completion of the chemical reaction, with some residual afterburning attributed to the 

mixing of hot explosion products with the surrounding air. As the shock wave expands through the air, it encounters 

structures in its path, subjecting them to the impinging shock pressures. The magnitude and distribution of blast loads 

exerted on structures by these pressures are contingent upon various factors, including the properties of the explosive 

(such as type, energy output, and weight), the detonation's proximity to the structure, and the reinforcement of pressure 

through its interaction with the ground, barriers, or the structure itself (Taylor, 1950; Longinow and Remennikov, 2003; 

2009; Unified Facilities Criteria, 2008). The Unified Facilities Criteria (2008) classifies blast loads on structures into 

two main categories: unconfined explosions, including air and Free air burst, and surface explosions, and confined 

explosions, which encompass partially and completely Vented, Wilkinson and Anderson (2003), numerous warheads 

and munitions employ a mix of blast and fragmentation to target damage. These weapons' casings may naturally 

fragment or lack pre-formed fragments. During fragmentation, a significant portion of the explosive energy is absorbed, 

reducing the energy available for blast generation. Consequently, a cased weapon typically generates a weaker blast 

compared to an uncased one with an equivalent mass of high explosive (Unified Facilities Criteria, 2008). Among the 

six blast loading categories outlined, air burst explosions are infrequent, with free air bursts being the least common. 

Although these blast loading categories can be individually classified, there are no clear-cut boundaries between them. 

Most explosive facilities experience overlapping blast environments, requiring judgment in applying recommendations 

to determine blast parameters consistent with various blast-loading categories (Unified Facilities Criteria, 2008). 
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2. METHODOLOGY 

For this study, an infinite soil medium consisting of loose sand, dense sand, and undrained clay, each measuring 100 

meters in length, 100 meters in width, and 100 meters in depth, was modeled. Additionally, underground steel and 

concrete pipes, also measuring 100 meters in length, with thicknesses of 10 mm and 20 mm respectively, and having an 

external diameter of 1 meter, were simulated. These pipes were surrounded by an intervening medium with an internal 

diameter of 1 meter and a thickness of 0.15 meters. The diagram depicting the underground pipe's response to surface 

blast is presented in Figure 1. A comprehensive analysis was conducted using ABAQUS/Explicit. The soil and pipe 

properties utilized are detailed in Table 3, drawing from various sources (Craig, 1994; Coduto, 2001; Das, 1994; FLAC, 

2000; Kameswara, 1998; Gravessmith, 1985; Shacklock, 1974). 

 

Figure 1:  Cross-section of underground pipe under surface blast 
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Figure 2 illustrates the various energy components generated in a 10 mm steel pipe buried in loose sand as a result of 

a surface accidental explosion. These components include external work, internal energy, kinetic energy, strain 

energy, total energy, and viscous dissipation. This visualization provides insights into how different types of energy 

are distributed and interact within the pipe structure under these specific conditions. 
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Figure 3 depicts the distribution of external work, internal energy, kinetic energy, strain energy, total energy, and 

viscous dissipation resulting from a surface accidental explosion in a 10 mm concrete pipe buried in loose sand. This 

visualization offers insights into the energy dynamics within the concrete pipe under these specific conditions, 

facilitating a comprehensive understanding of its response to the explosion. 

 

 

Figure 4, it was observed that the distribution of external work, internal energy, kinetic energy, strain energy, total 

energy, and viscous dissipation resulting from a surface accidental explosion in a 10 mm steel pipe buried in dense 

sand. This visualization provides a detailed overview of how these energy components interact within the steel pipe 

under the specific conditions of dense sand burial, offering valuable insights for analysis and interpretation. 
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Figure 5, the distribution of external work, internal energy, kinetic energy, strain energy, total energy, and viscous 

dissipation is presented for a 10 mm concrete pipe buried in dense sand following a surface accidental explosion. This 

visualization offers a comprehensive depiction of how these energy components are distributed within the concrete 

pipe under the specific conditions of dense sand burial, providing valuable insights for understanding its response to 

the explosion. 

 

 

Figure 6 illustrates the distribution of external work, internal energy, kinetic energy, strain energy, total energy, and 

viscous dissipation resulting from a surface accidental explosion in a 10 mm steel pipe buried in undrained clay. This 

visualization provides a comprehensive understanding of how these energy components interact within the steel pipe 

under the specific conditions of undrained clay burial, offering valuable insights for analysis and interpretation. 

 

 

Figure 7, the distribution of external work, internal energy, kinetic energy, strain energy, total energy, and viscous 

dissipation is presented for a 10 mm concrete pipe buried in undrained clay following a surface accidental explosion. 

This visualization provides a comprehensive depiction of how these energy components are distributed within the 

concrete pipe under the specific conditions of undrained clay burial, offering valuable insights for understanding its 

response to the explosion. 
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Figure 8 displays the distribution of external work, internal energy, kinetic energy, strain energy, total energy, and 

viscous dissipation resulting from a surface accidental explosion in a 20 mm steel pipe buried in loose sand. This 

visualization provides a detailed overview of how these energy components interact within the steel pipe under the 

specific conditions of loose sand burial, offering valuable insights for analysis and interpretation. 

 

 

Figure 9 showcases the distribution of external work, internal energy, kinetic energy, strain energy, total energy, and 

viscous dissipation resulting from a surface accidental explosion in a 20 mm concrete pipe buried in loose sand. This 

visualization provides a comprehensive depiction of how these energy components are distributed within the concrete 

pipe under the specific conditions of loose sand burial, offering valuable insights for understanding its response to the  

explosion. 
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Figure 10 presents the distribution of external work, internal energy, kinetic energy, strain energy, total energy, and 

viscous dissipation resulting from a surface accidental explosion in a 20 mm steel pipe buried in dense sand. This 

visualization offers a detailed insight into how these energy components interact within the steel pipe under the 

specific conditions of dense sand burial, providing valuable information for analysis and interpretation. 

 

 

Figure 11, the distribution of external work, internal energy, kinetic energy, strain energy, total energy, and viscous 

dissipation resulting from a surface accidental explosion in a 20 mm concrete pipe buried in dense sand is presented. 

This visualization offers a comprehensive depiction of how these energy components are distributed within the 

concrete pipe under the specific conditions of dense sand burial, providing valuable insights for understanding its 

response to the explosion. 

 

 

Figure 12 illustrates the distribution of external work, internal energy, kinetic energy, strain energy, total energy, and 

viscous dissipation resulting from a surface accidental explosion in a 20 mm steel pipe buried in undrained clay. This 

visualization provides a comprehensive understanding of how these energy components interact within the steel pipe 

under the specific conditions of undrained clay burial, offering valuable insights for analysis and interpretation. 
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Figure 13, we observe the distribution of external work, internal energy, kinetic energy, strain energy, total energy, 

and viscous dispersion resulting from a surface accidental explosion in a 20 mm concrete pipe buried in undrained 

clay. This visualization offers valuable insights into how these energy components are distributed within the concrete 

pipe under the specific conditions of undrained clay burial, facilitating a comprehensive understanding of its response 

to the explosion. 

3. CONCLUSION 

This study comprehensively investigated the distribution of external work, internal energy, kinetic energy, strain energy, 

total energy, and viscous dispersion generated in 20 mm concrete pipes buried in various ground media following surface 

accidental explosions. Our findings reveal intriguing insights into the response of these pipes under different burial 

conditions. Notably, pipes buried in loose sand exhibited the least response, attributed to the arching effects observed in 

this ground medium. This suggests that loose materials could serve as effective mitigating materials against the 

detrimental effects of surface blast on underground pipes. 

These findings underscore the importance of considering the specific ground conditions when assessing the vulnerability 

of underground infrastructure to accidental explosions. Furthermore, they provide valuable guidance for the 

development of strategies aimed at enhancing the resilience of such infrastructure in the face of unforeseen events. 

Future research endeavors could delve deeper into exploring the effectiveness of various mitigation measures and their 

applicability in real-world scenarios. 
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