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Abstract 

In the present day scenario, due to the increase in accidental or intentional detonations, there is a 

necessity to build blast and impact-resistant structures. Semi-buried box structures are important 

military protective structures of national and strategic importance and must withstand extreme 

loading threats from weapon detonations, which is usually in the form of combined blast and 

impact (fragment) loading. The stability of these structures is also greatly influenced by the 

behavior of soil under blast loading, therefore study of blast-induced ground shocks and its 

propagation in the soil media needs a detailed investigation.  

Initially, the performance of the vertical shock tube (VST) is evaluated by characterizing the 

generated blast waves considering two different diaphragm types; Aluminium and Lexan, and two 

driver gases; Nitrogen and Helium. The properties of the blast waves generated in the VST are 

greatly influenced by the diaphragm type (material and thickness), and driver gas. The present 

VST can simulate blast waves with peak reflected overpressure ranging from, 0.59-2.04 MPa and 

0.68-5.60 MPa upon using Nitrogen and Helium as driver gas, respectively. In addition, numerical 

simulations are also performed, and results are validated with the experimental results. The VST 

is then used to investigate the stress wave attenuation and vibrational characteristics of the four 

different sands each with two different relative densities (medium-dense and dense) under air-blast 

loading. A stress enhancement of about 1.01 - 2.76 times the peak over-pressure is observed at the 

top one-third layer of all the sand specimens. The amplitude of the peak particle acceleration is 

also observed to attenuate with the depth of all the sand specimens. In addition, the damages 

incurred in reinforced concrete (RC) walls subjected to combined loading of blast and fragment as 

a result of cased charge detonation is also studied using the finite element (FE) analysis method. 
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An increase in fragment penetration (5.4% - 23.1%), perforation, and excessive scabbing is noted 

under combined loading of blast and fragment, compared to fragment loading alone, considering 

different concrete strengths and thicknesses, which highlighted its severity. Based on the above 

study, the response of a semi-buried concrete box structure with a blast door (with and without 

protective sand layer) is studied under the two simultaneous cased charge explosions using the FE 

analysis software LS DYNA. A comparative study of semi-buried box structure is performed by 

varying the blast-scaled distances and point of fragment impact considering three cased explosive 

charges of 6, 9, and 12 kg TNT, each with a casing weight of 36 kg. 

Keywords: Vertical shock tube, stress wave, peak particle acceleration, combined blast and 

fragment loading, semi-buried structure, diaphragm, driver gas, fragment penetration, scabbing. 
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