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Abstract Review History

Buried concrete tanks are critical components of national and strategic infrastructure, serving Received: Nov 24, 2024
both public and military purposes. Damage to these structures can result in severe social, Revised: Feb 3, 2025
security, and environmental crises. Therefore, designing such structures to withstand the impact Accepted: Nov 8, 2025
of explosive loads is of paramount importance. Additionally, understanding the behavior of silty

clay soils under such loading conditions is essential for structural safety. This study examines the Keywords
influence of burial depth on the performance of concrete tanks subjected to explosive loading in  Numerical analysis
silty clay soils. The investigation utilized AUTODYN and FLAC 2D software for numerical cgncrete tanks
modeling and analysis. The study modeled the behavior of a rectangular buried concrete tank Explosive loads
with a height of 6.5 m and a length of 9 m at burial depths of 3 m, 6 m, 8 m, and 10 m, subjected .

to explosive loads equivalent to 50, 100, and 200 kg of TNT. The scenario assumes surface Burial depth
explosions at a defined distance and pressure from the tank structure. Soil, structural properties, TNT explosions
and the pressure exerted by the fluid inside the tank were considered in the analysis. The results

reveal that increasing the burial depth significantly reduces the displacement of the tank's roof

and floor under explosive loading, primarily due to the attenuation of explosive energy by the

surrounding soil. Specifically, for a 50 kg TNT explosion, increasing the burial depth from 3 m to

6 m, 8 m, and 10 m decreased the roof displacement by 54%, 70%, and 78%, respectively.

Similarly, stress levels in the tank structure showed a notable reduction with increased burial

depth. For instance, the stress caused by a 50 kg TNT explosion at a depth of 3 m was

17.22x10° Pa, which dropped to 2.83x10°Pa at a depth of 6 m. Beyond 8 m, however, further

increases in burial depth yielded diminishing returns in stress reduction. Higher explosive loads,

such as 200 kg TNT, induced significantly higher stress levels but followed a similar trend of

stress reduction with burial depth. The maximum stress decreased by approximately 73% when

burial depth increased from 3 m to 6 m, 50% from 6 m to 8 m, and 39% from 8 m to 10 m. The

reduction in stress and displacement becomes less pronounced at greater depths due to soil

compaction and the overburden pressure of the soil layers above the tank, which facilitate better

transmission of the residual explosion energy. The findings indicate that burial depth is a critical

factor in mitigating the effects of explosive loading on buried structures. Increased burial depth

reduces displacement and stress on the tank, thereby enhancing structural resilience and reducing

the likelihood of failure. This research highlights the importance of considering soil-structure

interaction and burial depth in the design of underground concrete tanks subjected to explosive

loads. The insights gained can guide the design and construction of resilient underground

structures in silty clay soils to minimize damage from explosive threats.
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Table 1. Some geotechnical parameters of the soil of the studied area

e y(kN/m¥) v E(MPa) C(kPa) ¢
Alluvial
Deposits 215 0.4 110 120 23
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Fig. 1. Schematic view of the studied concrete tank
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Table 2. Mechanical characteristics of the tank's concrete cover

Thickness of TOT(.:I_I;ZGISS
E (Pa) v v (KN/m?) Tar(lrlj]x]\;alls Floor and
Roof (mm)

2.1*10%° 0.3 25 500 600
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Table 3. The impact radius of the explosion of different amounts

of explosive TNT (kg)
Weight of Explosive (kg) 50 100 200
Effect Radius (mm) 193 243 308
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Fig. 6. The general scheme of the explosion environment and the
expansion of the pressure wave front resulting from the explosion
of 502 kg of TNT
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Table 4. The diameter of the explosion pit for different amounts
of explosive (kg)

Weight of Explosive (kg) 50 100 200

Crater Diameter (m) 2.95 3.71 4.68

(Pa) 035 Osdde Gas 4 a5 L sl 5l Lol sla 25 0 Jgder

Table 5. The stresses resulting from the explosion according to
the buried depth of the tank (Pa)

Weight of Depth of Buried Tank (m)
Explosive
3 6 8 10
(kg)
50 17.22*10°  28.3*10°  20.1*10°  69.3*10°
100 215%10°  40.72*10° 22.6*10° 15.66*10°
200 29*10° 12.9%10°  26.7*10°  21.04*10°
vlol @;‘

Dbl 51 bl 235 Ol Sroew J:M.AJSJ
Fig. 8. The place to measure the amount of stress resulting from
the explosion
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different depths
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