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Fig.1 Test model setup and measurement point distribution
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Fig. 3 Finite element model
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Table 1 Parameters of rock material model
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Fig. 4 Comparison of displacement time-history

curves at measuring point M,
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Table 2 Errors between experimental and numerical simulation results
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M 0.33 0. 38 —13.16 — — —
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Fig. 5 Axial distribution of peak load
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Fig. 6 Time-history curves of structural deformation at

the charge burial depth in layered geotechnical media
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Fig.7 Beam-like deformation state
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Fig. 8 Simplified calculation model
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Fig. 10 Simplified model of elastically embedded boundary
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Fig. 11 Influence law of the short beam stiffness coefficient

on restraint stiffness
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Fig. 12 Influence law of the soft beam stiffness coefficient

on correction coefficients under different soft rock modulus
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Equivalent Calculation Method for Dynamic Response of Shaft Structures

in Layered Geotechnical Media under Lateral Explosion

SUN Shanzheng' ,LIU Yuan',LI Zeng’, YAO Yifan'

(1. Rocket Force University of Engineering, Xi’an 710025, China;
2. Army Engineering University of PLA, Nanjing 210007 ,China)

ABSTRACT : An equivalent calculation method based on elastic restraint boundaries and equivalent uniformly distributed loads
was proposed to address the complexity when calculating the dynamic response of shaft structures in layered geotechnical
media under a lateral explosion. First, a finite element model validated by scale-model tests was constructed to analyze the
load distribution and deformation characteristics of the shaft structure in a layered medium under a lateral explosion. Conse-
quently, based on the deformation characteristics, the shaft was simplified as a cylindrical cantilever beam model under uni-
formly distributed loads with an elastically embedded boundary. Through theoretical analysis and parametric modeling, the in-
fluences of the structural parameters, geotechnical properties, and charge conditions on the restraint stiffness and load equiva-
lent coefficient were obtained. Finally, a quantitative calculation method for the restraint stiffness and load equivalent coeffi-
cient was obtained, forming a complete equivalent calculation process. The results indicate that when establishing an equiva-
lent calculation model for shaft structures in layered geotechnical media, the soft-hard rock interface can be described by a
fixed boundary, and the restraint effect of the soft rock on the structure can be characterized by an elastic restraint boundary
that includes translational and rotational stiffness values. The constrained stiffness increases exponentially with the increase of
the stiffness coefficient of the short beam and increases with the increase of the elastic modulus of soft rock. The load equiva-
lent coefficient increases with the increase of the ratio of the comprehensive stiffness of the structure to the modulus of the
sand, and decreases with the increase of the distance of the charge ratio.
KEYWORDS: protective engineering; equivalent calculation method; shaft structure; layered geotechnical media;
elastic restraint boundary; load equivalent coefficient
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