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Method for Calculating the pressure of oblique reflection of shock
waves at the water-soil interface

YAN Fuhuai, YUE Songlin, QIU Yanyu, WANG Mingyang

(State Key Laboratory of Disaster Prevention and Mitigation of Explosion and Impact, Army Engineering University of PLA,
Nanjing 210007, Jiangsu, China)
Abstract: The existing theoretical/framéwork “for calculating the oblique reflection pressure of shock waves at the water—soil
interface remained insufficient./Iip¢his\Study, an analytical equation for the oblique reflection pressure at the water—soil interface
was established on the bagis ofprior theoretical derivations. Subsequently, underwater explosion experiments were conducted,
and a fluid—structure integaction numerical model was developed. The theoretical and numerical models were validated against

experimental data,

To investigate the effects of various parameters on the normal reflection pressure coefficient, explosions with different TNT
equivalent charges were detonated at a distance of 0.52 m from the water—soil interface, corresponding to scaled standoff distances
ranging from 0.326 to 2.936 m/kg'/?. The incident pressures were estimated using empirical formulas for underwater explosions.
The resulting normal reflection pressure coefficients are found to range between 1.26 and 1.50. At a standoff distance of 0.3 m,
the air content of the saturated soil varies from 0% to 10%, yielding reflected pressures in the range of 64.15~81.77 MPa, with

corresponding reflection coefficients between 1.19 and 1.52. To examine the influence of different parameters on the oblique
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reflection pressure model, numerical results under various scaled standoff distances and incidence angles (0°~40°) were
systematically analyzed. The applicable range of the proposed theoretical model was thereby delineated. It is shown that for
incidence angles not exceeding 20°, the model prediction errors are generally below 10%, demonstrating satisfactory engineering
accuracy; however, when the incidence angle exceeds 30° combined with small standoff distances, the model errors increase
considerably. These findings provide clearly defined boundary conditions for practical applications. The derived calculation
method for the oblique reflection pressure of shock waves at the water—soil interface features clear physical significance and high
computational accuracy, and therefore provides a theoretical basis for damage assessment of underwater structures embedded in

subaqueous soils subjected to underwater explosions.

Keywords: Soil-water interface; shock wave propagation; oblique reflection; theoretical calculationsynumerical simulation
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Table 1 Basic parameters of saturated soil samples
YRR 2H (kg m?) kit ARG E Wk E & I A
1 2092 99.6% 0.0162 0.3544 0.6294
2 2070 94.2% 0.0176 0.3390 0.6434
FHME 2081 96.9% 0.0169 0.3467 0.6364
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Table 2 Oblique reflection pressure test and theoretical results
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Table 3 Water parameters
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Table 4 Parameters of explosives

p/(kg-m3) D.i/GPa A/GPa B/GPa R R, 1) E/GPa

1583 19.4 307 3.898 4.485 0.79 0.3 6.9684
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Table 5 Saturated soil parameters
plkgm) G/MPa K/Mpa a0/Mpa? al/Mpa a2 pc/Mpa Epsl Eps2
2081 254.44 6265 3.339x107  2.251x10°! 3.794 -6.9x103 0 -0.015769
Eps3 Epsa Eps5 Eps6 Eps7 Eps8 Eps9 Eps10 p1/Mpa
-0.017641  -0.019308  -0.020906  -0.022464  -0.023992  -0.025496  -0.026976  -0.028436 0

p2/Mpa p3/Mpa p4/Mpa pS/Mpa p6/Mpa p7/Mpa p8/Mpa
8.8 18.4 28.0 37.6 472 56.8 66.4

p9/Mpa p10/Mpa
76.0 85.6
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Fig.8 Results of the normal-reflection numerical model
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Fig.9 Incident and reflected pressures and reflection doefficient under different scaled distances
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Fig.10 The influence of gas content on the reflection pressure and reflection coefficient at the water soil interface
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Table 7 Comparative Analysis of Theoretical Calculation and Numerical Simulation for Shock Wave Reflection Pressure at the

Soil-Water Interface (Representative Data)

b5l 43 R/ (kg AHHE/MPa BUERRUS ST E/MPa S+ = 5 E/MPa
NI/
1/3)

0 36.36 44 46.32 5.27%
10 35.71 44.86 4426 -1.34%

1.307 20 33.48 42.09 38.21 -9.22%
30 30.3 35.9 30.45 -15.18%
40 25.71 27.26 22.61 -17.06%
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0 27.1 32.57 33.63 3.25%
10 26.67 31.17 3248 4.20%
1.634 20 25.13 29.17 28.87 -1.03%
30 22.67 243 23.85 -1.85%
40 19.31 17.41 18.39 5.63%
0 21.51 23.63 26.08 10.37%
10 21.16 23.01 25.38 10.30%
1.961 20 19.87 20.71 22.95 10.82%
30 17.82 16.84 1948 15.68%
40 15.27 13.1 13.45 2.67%
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