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Abstract: Far-fieldiblast wave induced by a large-scale strong explosion exhibits distinct characteristics, including a long
positive-phase duration, high impulse, and significant dynamic pressure. Under long-duration blast loading, structures are
subjected not only to"overpressure but also to the effect of dynamic pressure (blast wind), which must be taken into consideration.
Columnar structures and members with rectangular cross-sections are widely applied in engineering practice, yet their loading
characteristics and flow field features under long-duration blast loading remain insufficiently understood. To address the
diffraction of long-duration blast waves around rectangular columns, a numerical investigation was conducted using the Arbitrary
Lagrangian—Eulerian (ALE) method. The ALE formulation combines the advantages of Lagrangian and Eulerian descriptions,

effectively handling the large deformations of the flow-field while maintaining accurate tracking of the material interfaces. The

SRR EH B: 2026-06-15; BEIH#A: 2026-08-24;

HEWH: EFRRPELEHFTARTER (BAD  (GZB20250755) ;

B—AeE: kWM (1998— ) , &, MBI, E-mail: zhangmingge@shu.edu.cn;
BAEEE: ABR (1973— ), B, 4, ##%. E-mail: dxq@shu.edu.cn.



mailto:zhangmingge@shu.edu.cn
mailto:dxq@shu.edu.cn

o5 e i
Explosion and Shock Waves

numerical model was validated against available experimental data to ensure its predictive capability. To ensure numerical
accuracy, a grid independence study was conducted, and a total of 60 computational cases were simulated. A systematic
parametric study was performed to examine the effects of positive-phase duration (z;= 50 ms~2000 ms) and column width-to-
height ratio (B/D = 0.5~2.5) at a fixed incident peak overpressure of 100 kPa. The temporal evolution of drag force and drag
impulse was investigated; the distribution of reflected overpressure over the column surfaces was analyzed; and the evolution and
interaction mechanisms of the blast waves and flow-field structures were elucidated. The results indicate that the drag coefficient
of rectangular columns differs significantly from the empirical values provided in the UFC guidelines and wind engineering
literature. Moreover, the drag coefficient is relatively insensitive to the width-to-height ratio but is strongly influenced by the
positive-phase duration. As the positive-phase duration increases, the drag coefficient first decreases and then rises, before
eventually approaching a stable value for each width-to-height ratio considered. This evolution in loading is accompanied by a
systematic transformation of the flow field: the initially symmetric wake gradually becomes jasymmeétric, with increasingly
complex vortex structures emerging at longer durations.

Keywords: strong explosions; long-duration blast waves; rectangular columns; dynamic_presstre; drag coefficient
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Fig. 2 Shock wave incident time-history curve
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(c) t4=300 ms (d) t4= 500 ms
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Fig. 6 The resistance and impulse time history of rectangular columns under different positive pressure holding times
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