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Abstract: This study examines the principal stress components and variation of total energy generated in pipes 
buried loose sand, dense sand and undrained clay in different embedment rations due to seismic action of accidental 
explosion above the ground surface. In this study, pipes buried in infinite elastic, homogeneous and isotropic soil media 
was study using ABAQUS numerical code and accidental explosion above the ground surface was assumed to take place 
far away from the buried pipes. As a result, the material property was assumed to be linear, elastic, homogeneous and 
isotropic and therefore the two elastic constants as revealed by various researchers and pipe manufacturers were used 
in the study. Load parameters from accidental explosions above the ground surface but very close to the ground surface 
were estimated using Unified Facilities Criteria (2008) and pipes were laid horizontally with no joint. The contact 
between the soil and pipe was defined for ‘no slip’ condition and therefore it is assumed that perfect bond exist between 
the soil and the pipe. Boundary conditions were defined with respect to global Cartesian axis and time integration 
technique in ABAQUS/Explicit was used to solve the equation of motion with initial conditions Parameters observed are 
stress components and variation of total energy generated in pipes buried in different soil media. The increase in total 
energy and principal stress components at integrated points, from the results, are higher in pipes buried in undrained 
clay than pipes buried in loose sand and dense sand, indicative of the fact that undrained clay is likely to be problematic 
with respect to the seismic action of surface accidental explosion 
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Introduction 
Methods of structural analysis and design are broadly divided into three methods namely, theoretical 
methods which carrying out analysis and the use of design codes, by testing full size structure using experimental 
method and by the use of models. Structural/geotechnical problems demanding model studies are to predict the behavior 
of complicated structures with irregular boundaries, design structures with complex supports and loading conditions, get 
direct aids in design, check the design of very important and expansive structures, prestige buildings, atomic reactors, 
cooling towers, shell structures, etc. Model study also requires an accurate method of analysis in other to arrive at an 
exact solution. Analytical solution may not be able to yield the required solution most especially when dealing with 
complex problems like accidental explosions In the solution to problems involving accidental explosion, quite a lot of 
parameters are involved in the analysis because of the duration of explosion which is a short discontinuous event and in 
that case, numerical approach could be the best option. When accidental explosion takes place either on or near the 
surface of the ground, below the ground surface or internal explosion in the structure (pipe), stress pulse is sent into the 
ground and this translate into ground movement parameters and as such, accidental explosion is thought-of as an 
artificial earthquake (Olarewaju, 2013). 
 
Background Study 
There are several numerical methods available for assessing the behavior of underground structures subjected to dynamic 
loadings. The finite element discretization with energy absorbing boundaries to model the far field, the real continuous 
structure is idealized into an assemblage of discrete elements, for which force-displacement relations and stress 
distributions (maximum, medium and minimum principal stresses) are determined or assumed and the complete solution 
is obtained by combining the individual elements into an idealized structure for which the conditions of equilibrium and 
compatibility are satisfied at the junctions of these elements. One-dimensional, two-dimensional and three-dimensional 
finite elements are used in the analysis and advantages of this method over finite difference are much greater flexibility, 
both in fitting boundary shapes and in arranging internal distributions of nodal points to suit particular problems. It 
provides a great deal of information concerning the variations of unknowns at points within the region of interest while 
the disadvantage is the substantially increased storage requirement for equation coefficients. There is also boundary 
integral equation both in frequency domain ignoring the boundary or soil flexibility and in time domain. In this method, 
instead of attempting to find an approximate solution for the governing differential equation throughout the relevant 
solution domain as in finite element and finite difference methods,  the equation is converted into an integral form, 
normally involving only integral over the boundary of the domain. Consequently only the boundary has to be completely 
separate, finite in other to carry out the integrations. The dimensionality of the problem is hereby effectively reduced by  
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one and the advantage is reduced computer storage and execution time requirements. Smaller amount of data need to be 
supplied to define the mesh geometry and superior resolution of variations in the unknowns which makes useful for 
stress concentration and fracture problems. The disadvantage is the background mathematics may not be familiar and 
more difficult. This method is confined to problems involving homogeneous, isotropic and linear materials. In the case of 
finite difference in cartesian coordinates, the one-dimensional, two-dimensional and three-dimensional harmonic 
problem has the general differential harmonic equations which involves replacing derivatives by difference 
approximations at prescribed points in the region of interest or solution domain, that is, the function is discretised. It 
provides sufficient numbers of simultaneous equations for the displacements or stresses to be determined. Advantages of 
this method are simplicity (ease of use), and minimal storage required for the equation coefficients. The major 
disadvantage is the lack of geometric flexibility in fitting awkward boundary shapes and allowing variations in internal 
grid point distributions. Soil exists as a semi-infinite half space, so numerical methods to be employed have to 
incorporate the notion of infinity in the formation (Kameswara, 1998; Olarewaju et al., 2012; Olarewaju, 2013; 
Olarewaju, 2015; ABAQUS Analysis User’s Manuals. 2009; ABAQUS/Explicit: Advanced Topics, 2009; Geotechnical 
Modeling and Analysis with ABAQUS, 2009). 
 
Methodology 
In this study, pipes buried in infinite elastic, homogeneous and isotropic soil media (loose sand, dense sand and 
undrained clay) at different embedment ratios (H/D of 1 to 5) in 60 simulated models were study using ABAQUS 
numerical code. Accidental explosion above the ground surface was assumed to take place far away from the buried 
pipes and as a result, the material property was assumed to be linear, elastic, homogeneous and isotropic (Figures 1, 2, 3 
and 4). Therefore the Young’s modulus, E and Poisson’s ratio, v (elastic constants) as revealed by various researchers 
and pipe manufacturers were used in the study (Kameswara, 1998). Load parameters from accidental explosions above 
the ground surface but very close to the ground surface were estimated using Unified Facilities Criteria (2008).  Pipes 
were laid horizontally with no joint and the contact between the soil and pipe was defined for ‘no slip’ condition. 
Therefore it is assumed that perfect bond exist between the soil and the pipe Boundary conditions were defined with 
respect to global cartesian axis and time integration technique in ABAQUS/Explicit was used to solve the equation of 
motion (Eq. 1) with initial conditions (ABAQUS Analysis User’s Manual, 2009). Parameters observed are principal 
stress components and variation of total energy generated in pipes buried in different soil media, 
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where m, c’, k, U and P are the global mass matrix, damping matrix, stiffness matrix, displacement and load vectors 
respectively while dot indicate their time derivatives (Kameswara, 1998; Olarewaju et al., 2012; Olarewaju, 2013; 
Olarewaju, 2015; ABAQUS Analysis User’s Manuals. 2009; ABAQUS/Explicit: Advanced Topics, 2009; Geotechnical 
Modeling and Analysis with ABAQUS, 2009). 
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Results and Discussion 
The results of the model analysis using ABAQUS numerical code for principal stress components at integrated points 
and variation of total energy generated in pipes buried in loose sand, dense sand and undrained clay due to explosion 
above the ground surface are presented in Figures 3 (a to d), 4 (a to d) and 5 (a to d) respectively. A total of 20 models 
were analyzed for pipes each buried in loose sand (Figures 3a to 3d), dense sand (Figures 4a to 4d) and undrained clay 
(Figures 5a to 5d) at H/D ratios of 1 to 5 making a total of 60 models. From the results of the analysis, the value of total 
energy being maintained at zero at 0ms for some time before it reducing to -50 x 1.E6 at 0.025ms while maximum, 
medium and minimum principal stresses were unnoticed and virtually all the values of total energy in the analysis starts 
from zero at 0ms time. In pipes buried in loose sand, as the depth of burial increases, the value of total energy reduces 
(Figures 3a to 3d) and principal stress components at integrated points in the models increases as the depth of burial 
increases. In the case of pipes buried in dense sand, at H/D ratio of 1 the value of total energy is -1.0 x 1.E6 at 0.025ms 
while at H/D ratio of 5, the value of total energy is 5 x 1.E3 at 0.025ms. The principal stress component at integrated 
points in the models is least at H/D ratio of 1 but increase as the depth of burial increases (Figures 4a to 4d). In the case 
of pipes buried in undrained clay (Figures 5a to 5d), at H/D ratio of 1 the value of total energy is -5.0 x 1.E6 at 0.025ms 
and at H/D ratio of 5, the value of total energy is -4.25 x 1.E6 at 0.025ms, The principal stress component at integrated 
points in the models shows wide variation in the distribution and increase as the depth of burial increases. Given the 
same depth of burial/embedment ratio, the increase is higher in pipes buried in undrained clay than the same type of 
pipes buried in loose sand and dense sand, indicative of the fact that undrained clay is likely to be problematic with 
respect to the seismic action of surface accidental explosions (Olarewaju et al., 2012; Olarewaju, 2013; Olarewaju, 
2015). Details of these and many more could be found in Olarewaju (2020). 
 

          
Figure 3a: Principal stress components generated in pipes buried at embedded ratio of 1 in loose sand due to seismic 

action of explosion above the ground surface 
 

           
Figure 3b: Total energy generated in pipes buried at embedded ratio of 1 in loose sand due to seismic action of explosion 

above the ground surface 
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Figure 3c: Principal stress components generated in pipes buried at embedded ratio of 5 in loose sand due to seismic 

action of explosion above the ground surface 
 

              
Figure 3d: Total energy generated in pipes buried at embedded ratio of 5 in loose sand due to seismic action of explosion 

above the ground surface 
 

         
Figure 4a: Principal stress components generated in pipes buried at embedded ratio of 1 in dense sand due to seismic 

action of explosion above the ground surface 
 

             
Figure 4b: Total energy generated in pipes buried at embedded ratio of 1 in dense sand due to seismic action of explosion 

above the ground surface 
 

           
Figure 4c: Principal stress components generated in pipes buried at embedded ratio of 5 in dense sand due to seismic 

action of explosion above the ground surface 
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Figure 4d: Total energy generated in pipes buried at embedded ratio of 5 in dense sand due to seismic action of explosion 

above the ground surface 
 

           
Figure 5a: Principal stress components generated in pipes buried at embedded ratio of 1 in undrained clay due to seismic 

action of explosion above the ground surface 
 

            
Figure 5b: Total energy generated in pipes buried at embedded ratio of 1 in undrained clay due to seismic action of 

explosion above the ground surface 
 

        
Figure 5c: Principal stress components generated in pipes buried at embedded ratio of 5 in undrained clay due to seismic 

action of explosion above the ground surface 
 

        
Figure 5d: Total energy generated in pipes buried at embedded ratio of 5 in undrained clay due to seismic action of 

explosion above the ground surface 
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Conclusion 
This work has examined the spread and variations in the principal stress components at integrated point in a total of 60 
simulated models and variation of total energies generated in pipes buried at different embedment ratios (H/D of 1 to 5) 
in loose sand, dense sand and undrained clay due to the seismic action of surface accidental explosion. The increase in 
total energy and principal stress components at integrated points are higher in pipes buried in undrained clay than pipes 
buried in loose sand and dense sand, indicative of the fact that undrained clay is likely to be problematic with respect to 
the seismic action of surface accidental explosion (Olarewaju et al., 2012; Olarewaju, 2013; Olarewaju, 2015; ABAQUS 
Analysis User’s Manuals. 2009; ABAQUS/Explicit: Advanced Topics, 2009; Geotechnical Modeling and Analysis with 
ABAQUS, 2009). Details of these and many more could be found in Olarewaju (2020). 
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