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Abstract: Underground accidental explosions are caused bydétenation of explosive materials (solid, liquidgas) stored
below the ground surface. In this study, effectsimaerground pipes due to varying degrees of underyd accidental explosions
between the ground surface and buried concrete sdedl pipes were studied using ABAQUS, a finitenefe numerical code.
Concrete and steel pipes buried in loose sand atbel sand at various depths below the ground seinfegre modelled. The
material properties as revealed by several researshwere used. Pipe and soil materials were limitedlinear, elastic,
homogeneous and isotropic. The observed paramaterdisplacement, pressure, mises, stress anchsttaghe crown, invert and
spring-line of buried pipes. The results showedt tingespective of the ground media, at a given logdwave velocity,
displacement remains relatively constant as theesimtent ratio increases. Even though there is viarain the results due to
dilations and compressions caused by the transgats pulse of compression wave, some of thewazbparameters reduce as
the depth of burial of pipes increased.
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Introduction

Underground accidental explosion normally occur mvlae explosive material (solid, liquid or gas) edds below the ground
surface. Depending on the mass and depth of afr@tplosive charge as well as the geotechnicglquty of the ground medium,
the consequence of underground accidental explasiciemors which could be felt tens and hundrddslometres away from

the point of burst of the buried explosive materi@iEric and Shino, 2011). The load emanating from lilast wave is termed
loading wave velocity and it denotes the blast lahich the buried explosive charge delivered toliteed structures (Olarewaju,
2012; Olarewaju, 2013; Olarewaju, 2019). Seismioaity is a term describing the rate of propagatién elastic wave through
the earth due to disturbance in the earth causeexplpsion or earthquake and it depends on theitgesusd elasticity of the

ground medium (Robert 2002). Due to complexity éowaately determining the mass of the explosiveenls that will produce

the explosive loads on underground structuresgetieeneed to study the consequences of these cxitgpBecause of the huge
investment involved in the construction of undetgrd pipes and tremendous usage across the woele: th need to study the
responses of underground installations due to gndend accidental explosions occurring directly\abthe buried pipes. This is
with view to providing design information and guides for the design of underground pipes to rebisteffects of underground
accidental explosions. Explosion-load-evaluationuafierground structures at low depth of burial nigpadrtant in designing

explosion-resistant underground structures. Thidysis aimed at determining by simulation, the ietpE underground accidental
explosions that occurs below the ground surfacedinedtly above the buried pipes (Olarewaju, 20Brewaju, 2013).

Background Study

Explosive materials are stored above the grounfaseron the ground surface and below the grounfdicai depending on the
volatility and proximity to the surrounding settlemt. This is mostly carried out at: military fornuats where defensive weapons
like war heads, bombs, grenades, etc are stor#ihgfistations where fuels and other crude oil dsives are stored;
manufacturing industrial sites where propane apeedt underground; etc. Explosion loads could bduated using empirical,
semi-empirical and numerical technigues as the eaag be (Unified Facilities Criteria, 2008; PeterdaAndrew, 2009;
Olarewaju, 2012; Olarewaju, 2013). According to figni Facilities Criteria (2008), explosive matesialor underground
explosions, confined and unconfined for surfacdasipns are expressed in kilogram (kg) trinitrotate (TNT) equivalent for an
explosive. This is the mass of TNT that would dilve same blast performance as the mass of thesiaplim question. Soil-pipe
interaction due to short discontinuous events $igeidental explosions depends mainly on stiffnégbe constituents rather than
strength (Liang-Chaun, 1978; Olarewaju, 2012; Qiaja, 2013). Underground explosions (nuclear oentlise) could be carried
out for different purposes such as earthmoving raeisims and crater formation, even though it mayehspiral effects. When
explosive material (i. e. nuclear weapon, bomixs), etplodes below the ground surface, a spheratoéraely hot, high-pressure
gases, including vaporized weapon residues, sdirack, is formed. This is the equivalent of threlfiall in an air or surface burst.
The rapid expansion of the gas bubble initiatescaund shock wave which travels in all directionghivi the ground medium
away from the burst point. When the upwardly diedcshock (mainly compression) wave reaches thb'saurface, it is reflected
back as a rarefaction (or tension) wave. If thesitam exceeds the tensile strength of the surfaderiah the upper layers of the
ground will split off into more-or-less horizontiyers (The Effects of Nuclear Weapons, 1977; Glaje, 2013). A plowshare
program test was conducted on tHeJaily 1962 at the Nevada test site for the promotib underground nuclear explosion to
develop peaceful usage for the atomic energy. imtest, explosive of 104xi@ons displaced 12x%@ons of soil and released
seismic energy of 4.75 Richter scale equivalentsitdd States Department of Energy, 2000; Aubreg]).@006 - in public
domain). The impacts of underground accidental asiphs are mostly felt at grater distance from gbarce of the explosion
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(Robert, 2002; Eric and Shino, 2011). The Unitedtet of America has conducted a lot of deep undergt tests, especially
since September 1961 according to The Effects alédw Weapon (1977; Olarewaju, 2012; Olarewaju32@larewaju, 2019).

M ethodology

In this study, 1m diameter pipes buried horizogtadl loose sand and dense sand at various deplinw kee ground surface were
modelled using ABAQUS software (finite element nuiced code). According to Olarewaju, (2013), itrisore necessary to
evaluate the explosion resistance of undergroundtsires at lower depth of burial. This is becatirgeinter-atomic bonds of the
material yield more at lower depth of burial thade buried at grater depth. The contact betweeisdh and pipe was defined
for ‘no slip’ condition, therefore, it is assumduht perfect bond exist between the soil and the.pine soil and pipe materials
were assumed to be linear, homogeneous and isot@pia result, the material properties as reveayedarious researchers and
pipe manufacturers were used (Craig, 1994; Kamesd@98). In line with Geotechnical Modelling andalysis with ABAQUS
(2009), boundary conditions were defined with respe global Cartesian axis. Analysis were carpation simulated models by
solving the governing equation of motion of thetegs shown in Equation 1 (with the initial condit&)rusing the time integration
technique of the finite difference scheme in ABAQB®licit, a finite element numerical code (Olargwa2012; Olarewaju,
2013; Olarewaju, 2019).

MU 1+[clU 1+IkIU 1=[P]1 1

wherem, ¢’, k, U andP are the global mass matrix, global damping magiabal stiffness matrix, displacement and loadaec
respectively while dot indicate their time derivas (Kameswara, 1998; ABAQUS Analysis User's Manu2009;
ABAQUS/Explicit: Advanced Topic, 2009). Undergrouadcidental explosions were assumed to have takae putside the
vicinity of the buried pipes and as a result, watiexplosion loads were represented by the loadiage velocities and other
underground explosion loads parameters. The paessnetere assumed to have taken place at variond-efa distances at
different arrival time in loose sand and dense saitese underground loading parameters were detedmanalytically and
numerically (UFC, 2008). The observed parametessd@ésplacement, pressure, mises, stress and stréiive crown, invert and
spring-line of pipes buried in loose sand and deszs®l as shown in Figure 1 (Olarewaju, 2012; Olajew2013; Olarewaju,
2019).

Loads: from underground ace idenial explosions

(Fround Level /

Soil Type ] Crown H

Soil Type 2 Spring-line Spring-line § D= (1R)

h 3

Soil Type 3 Trvert '
Internal pressure (P1) 25 2 result of the fluidin thepipe  Extemal preswre (B2) on the pi RateafD

Impermeable Hard Stratum

Figures 1: Problem definition for the effects ofiked pipe due to loads from underground accideskplosions taking place
between the ground surface and buried pipes

Results and Discussion

The results of displacement, pressure, mises,sstned strain at the crown, invert and spring-ligaiast pipes buried at varying
embedment ratios in loose sand and dense sanceftically applied loads from underground accidemgblosions occurring
between the ground surface and buried pipes arphigaly presented in Figures 2 to 14 respectivélsom the results,
irrespective of the ground media, at a given logdimave velocity, displacement in the pipes rematatively constant
(Olarewaju, 2012). In addition, pressure changesfpositive to negative in the buried pipes intlaf ground media considered
due to dilations and compressions caused by tmsitnat stress pulse of compression wave from thaengmound accidental
explosion. Furthermore, even though there is vianain the result due to dynamic nature of the |oasl the embedment ratio
increases, pressure, mises, stress, strain atrtdvencinvert and spring-line of pipes buried in deosand and dense sand,
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respectively, reduces. This study has shown thedlattement is the most important criteria to besgipriority in the design of
underground pipes to resist effects of undergroaraidental explosions occurring above the burigegpibut below the ground
surface. It is an indication that as the displag@nigcreases linearly (Olarewaju, 2012) due toeased loading wave velocity
from underground accidental explosions, momentstreks induced in underground pipes will also iaseeand may eventually
lead to material failure if the yield limit is exeged (Olarewaju, 2012; Olarewaju, 2013; Olarew&j019). Apart from
displacement which is relatively constant for aegivoading wave velocity, other observed paramépressure, mises, stress and
strain) reduces as the depth of burial of concesté steel pipes of 10mm and 20mm thicknesses iserééhis is due to the
confinement of pipes by soil at greater depth afddbuUnderground structures are divided into fullyried structures and partially
buried structures which could be any structureieérde shapes such as, shelters, basement stgyataderground mall facilities,
underground parking spaces, silos, storage fad|itietention basins, shafts, tunnels, pipes, rgnaiénd railway, metro stations,
to mention a few. Pipes are underground instaltatiovhich are used to convey petroleum productsagewindustrial and
domestic wastes, liquid gas, acid, gas in petrehdbal industries, atomic reactor, means of trartafion in underground, means
of access in mining industries, storage faciliti@géing for jetties berths and foundations, caiss®urface and underground main
lines for irrigation and drainage, penstocks fodiwyelectric projects, etc.
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Figure 2: Displacement against depth of burialéads from underground accidental explosions
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Figure 3: Displacement against depth of burialéads from underground accidental explosions
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Figure 4: Displacement against depth of burialéads from underground accidental explosions
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Figure 5: Pressure against depth of burial fod$olgom underground accidental explosions
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Figure 6: Mises against depth of burial for lofrdsn underground accidental explosions

600 - _
Crown Mises

—+—20mm Thick Steel Pipe in Loose Sang
400 - —=—10mm Thick Steel Pipe in Loose Sang

20mm Thick Steel Pipe in Dense Sand

Mises, (kPa)

300 - ——10mm Thick Steel Pipe in Dense Sand
200 -
100 - A
L
0 . .
1

Embedded Raflo
Figure 7: Mises against depth of burial for lofdsn underground accidental explosions
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Figure 8: Mises against depth of burial for lo&sn underground accidental explosions
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Figure 9: Mises against depth of burial for lofdsn underground accidental explosions

http://perfectengineeringassociates.com http://ijari.org.ng



International Journal of Advanced Geotechnic angawat EngineerindlJAGIE), ISSN (Online): 2545-5559
Akinola Johnson OLAREWAJU

Open Access Accepted: Nov. 2020 Vol. 1, Issue 1, Jan. 2021 , Pp 1-10
25
Crown Stress
20 - . o
—+—20mm Thick Concrete Pipe in Loose Sand
—s=—10mm Thick Concrete Pipe in Loose Sand
_ 15 - 20mm Thick Concrete Pipe in Dense SaId
F ——10mm Thick Concrete Pipe in Dense Sand
4
v 10 -
(%]
o
7
5 ] K
0 - ~ '
1 10
Embedded Ratio
-5 -

Figure 10: Stress against depth of burial for $ofidm underground accidental explosions
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Figure 11: Stress against depth of burial for $ofidm underground accidental explosions
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Figure 12: Stress against depth of burial for $ofidm underground accidental explosions
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Figure 13: Strain against depth of burial for le&@m underground accidental explosions
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Figure 14: Strain against depth of burial for Iedm underground accidental explosions

Conclusion

In this study, the impact of underground accideatgdlosions occurring below the ground surface dinettly above buried pipes
has been examined. Normally pipes are generalliydaivarying depth of burial depending on applaatigeotechnical properties
of the ground media, etc. With time, due to hyd@etosion, wind erosion, and other forms of erostbe topmost part of the soil
cover that forms the overburden on the undergrastnactures like pipes is washed away. This is i@ most especially

around military formations where defensive and esile weapons are stored underground, filing statiwwhere automotive gas
oil (AGO), premium motor spirit (PMS), dual purpokerosene (DPK) are stored underground, manufacfuridustrial areas

where propane are stored underground, etc. Itp®itant to note that as a result of less overbyrsteactural materials yield more
easily at lower depth of burial due to undergroacdidental explosions, whereas at grater depthugélb due to confinement,

response of underground structures such as pipesirignal. In designing underground installations resist effects of

unpredictable varying magnitude of undergrounddetial explosions, displacement is one of the pavainfactors to be given

priority compared to other observed parametems. (bressure, stress and strain). This is becaspt&adement (i. e. with respect to
given distances) of underground installations [ikees results in moments and stresses that wilhtheced. If the moment and
stress induced in underground pipes due to displantis large and it approaches the yield stregbeimaterial, invariably it

would result to material failure (Liang-Chaun. 19@8arewaju, 2012; Olarewaju, 2013; Olarewaju, 2019
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