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Propagation mechanism of inflowing shock waves in an RC box-
girder cell and a'load.model for the bottom slab under bridge-deck
contact explosions
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Abstract: To investigate the propagation mechanism of shock waves entering reinforced concrete (RC) box-girder cells under
above deck contact explosions and the resulting distribution characteristics of internal blast loads, numerical simulations were
conducted using the explicit dynamic analysis code LS-DYNA. The finite element approach was first validated against published

contact-explosion tests on RC slabs and confined internal-explosion tests. The validation focused on two key physical processes

R E#: _ 2026-04-14 ; BEB#: _2026-08-28

HEEHH: ERANRFIEE (52578544)

HB—AEE: BR/E (1996— ), B, 1+, H+t)5. E-mail: _chenxu.lyu@foxmail.com ;
BEfeE: U (1986— ), B, tH-L, #4%. E-mail: _xuzhen@ustb.edu.cn .




mOE 5 &
Explosion and Shock Waves

involved in the problem, namely the local damage characteristics of RC members subjected to contact explosions and the
propagation behavior of shock waves in confined spaces. Good agreement between the numerical and experimental results in
terms of damage patterns, damage dimensions, and pressure histories demonstrated the reliability of the adopted numerical
method. Based on the validated approach, a prototype single-cell RC box girder was modeled to investigate the evolution of
inflowing shock waves and the spatial distribution of blast loads on the inner surface of the bottom slab under four representative
explosion threats. A locally refined modeling strategy was adopted in the region near the explosive charge to reproduce deck
perforation and the subsequent inflow of shock waves into the girder cell. The influence of girder-end venting conditions was
further examined by comparing open-end and closed-end cases. Finally, regression analysis was performed using the numerical
results to establish prediction models for the peak overpressure and positive impulse on the bottom slab. The results show that
the propagation of inflowing shock waves inside the box-girder cell mainly consists of four stages: incidence of the inflowing
shock wave, regular reflection, irregular reflection, and planar-wave propagation. The internal blast'leads’'generally decrease with
increasing propagation distance. In the transverse direction, wave reflection and convergence significantly ‘amplify the blast loads
in the corner regions of the cell. In the longitudinal direction, repeated reflections and wavefront reshaping gradually transform
the shock wave into a planar wave, resulting in a propagation pattern similar to that observed\in| tunnel explosions. Compared
with the open-end condition, the closed-end condition causes full cross-sectional #eflection ofithe planar wave at the girder end,
leading to a marked increase in blast loads in the adjacent region. The developedipeakzoverpressure and positive-impulse
prediction models enable rapid estimation of blast loads on the inner surface 0f the RG\box-girder bottom slab under bridge-deck
contact explosions and provide a practical basis for blast-resistant analysisiconsidering the effects of inflowing shock waves.
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Table 3 Prediction of localized damage dimensions of the bridge deck
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