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Calculation of shock wave transmission and reflection pressures
at water-soil interface
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Abstract: There is a lack of reliable calculation theory for the transmission and reflection pressures of shock waves at the
water-soil interface. Using the mass conservation equation, momentum conservation equation, and the equations of state of
water and soil, the Hugoniot relationship and p-u curve of the propagation of shock waves in water and soil medium are
derived, and then the transmission and reflection pressures of the shock wave at the water-soil interface can be analyzed
theoretically. Two-dimensional numerical models of the free field in water and water-soil layered medium field are established,
in which the water and soil parameters are consistent with those in the three-phase medium saturated soil model used in the
theoretical derivation. The calculation results show that the theoretical and numerical solutions of the water-soil interface

transmission and reflection pressures are highly consistent. When using 80 g TNT explosives and exploding at 0.1-0.9 m from
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the water-soil interface (proportional burst distance of 0.232-2.089 m/kg'?), the error of the theoretical and numerical solutions

for transmission and reflection pressures is less than 7%, and the coefficient of the reflection pressure is in the range of 1.6-1.8
according to the analytical solution of the reflection pressure and the ratio of the incident pressure in the water. When
exploding at 0.5 m from the water-soil interface and the gas content of the saturated soil varies in the range of 0-10%, the
transmission and reflection pressures are 63.8—70.0 MPa, and the reflection pressure coefficients are in the range of 1.55-1.70
at this time. The calculation method for the shock wave transmission and reflection pressure at the water-soil interface has a
clear physical meaning and high precision and can provide a theoretical basis for the soil damage assessment of engineering
structures in submerged soil caused by underwater explosions.

Keywords: water-soil interface; shock wave propagation; theoretical calculation; transmission pressure; reflection pressure
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Fig. 1 Schematic diagrams of ransmission and reflection of blast wave at the water-soil interface
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Table 1 Equation of state parameters of the soil

¢/(m's™) c/(m's™) cy/(m's™) po/(kgm™) pi/(kgm™) p,/(kgm™) 04/ (kg'm™)
340 1500 4500 2210 1.2 1 000 2 650
a, a, a, k, k, ky M
0.001 0.3 0.699 1.4 3.0 3.0 1.92
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Table 2 Parameters of water

o/(kgm™) c/(ms™) Yo a S, S, Sy E/Pa

1025 1520 0.28 0 1.92 0 0 0
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Fig. 2 u-p curves for soil and water Fig. 3 Reflected pressure at the water-soil interface
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Table 3 Parameters of the explosive

pl(kg-m™) Pe/GPa A/GPa B/GPa R, R, w E,/GPa
1583 19.4 307 3.898 4.485 0.79 0.3 6.968 4
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Table 4 Saturated soil parameters

plkg'm™) G/MPa K/MPa a,/MPa’ a,/MPa a, p/MPa £ &,
2210 2693 9659 3.339x1077 0.2251 3.794 —-6.9x10° 0 -0.001 868
& & &s & & & & &1 p/MPa
-0.003 276 -0.004 649 -0.005 887 -0.008 206 -0.009 398 -0.010 043 -0.012 787 -0.014 439 0
p,/MPa py/MPa p/MPa ps/MPa pd/MPa p,/MPa ps/MPa Ppo/MPa pi/MPa
72 16.8 26.4 352 52 60.8 65.6 86.4 99.2
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Fig. 6 Pure water and water-soil interface models and measurement point layout
B UERLAL K b R S K DAL R R IR 1, SR T Zamyshlyaev 55 45 7K BB e 0 1
FEIH A

1/3 1.5 R
44'1<W; ) 6<—<12

Iy

Pm = (19)

1/3 1.13 R
52.4<V‘;a ) 12<—<<240

ro

K p, 9 A d s 0 T, MPa; W7 625, kes R NI i B 254 P DB B, my g K242, mo

112201-7



5 44 & FEER, A hRBTEAR S S HIE ST A S D BT %11

B A IE PR, X i K R R KR HEAT S SO S BT, SR AE 2 S 5l 80 g TNT, 15 %]
0.5 m KB A (10 v o V2 0 {0 g %) T SRR A BT L 7 B o BT AR M, ok D R 0 A I A IR 35 i
WIS 5, AL A RS R SE R 0.20., 0.15, 0.10 em B350 K 43 1) 2 R A% R SF R 0.25 em BFAY 1.51,
3.50. 10.00 fi5, H X4 MA% RF 28 0.25 em B, W (E R 7 0 OB UE . 255 75 160s RS B KO T BiAR, R
0.25 cm A% HEATRIAL

K 80 g TNT K 24 78 4l K B A v 53 45 20 AN ) 1 25 A %) 6 g -1t ] g 2 n ) 8 s o AR50 (19)
FRLILAS b ol e W (B K g, mT DATHAR K 25 2 48 80 g B 3 M I 22, a3k 5 iR . & 5 T LR
TR R S RTALL A SR A i 25 3 TE 15% LA, DRt SR FH 4R 4l KBRS THEK A 5T 9 A 2
CIEFLER

45 400
baad
w 300 |
40 J
< V/ <
& a 200
3 e S
X351 B8
— - 100
30 ok
30 25 20 1.5 1.0 05 0 0 0.2 0.4 0.6
Mesh size/cm Time/ms
7 RO b K8 kb A R -t e h £
Fig. 7 Grid sensitivity analysis Fig. 8 Free-field stress-time curves in water
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Table 5 Free-field peak pressures and their deviations Soil
100 | —— Water
in water at different burst distances for 80 g TNT
Pfim  HAEHUMPa BUMAEHUMPa (5% 7T
[a W
0.1 394.44 354.01 -10.3 ; 50 F
QL
0.2 124.74 132.66 6.3 25k
0.3 78.73 78.90 0.2
0.4 56.88 54.44 4.3 or
0.5 44.20 41.24 —6.7 -25 : ! ) ! ) ) !
-10 0 10 20 30 40 50
0.6 35.97 32.98 -83 w(m-s)
0.7 30.22 27.27 -9.8 e
K9 sk L2 MR R
08 2599 23.05 -3 Fig. 9 Reflected pressure at the water-soil interface
0.9 22.75 19.88 -12.6

Y &L 9 AT A5, 7K 52 5T S 56 R B f BT i 4 68.80 MPa. (B B 40344015 3| /K 1 28 ST 19 52 33t R h
68.62 MPa, 7K 3¢ ST Y ) B R ith 2 S 01 = T ] 10 B .

ASFATT 385 0 S R, BB ARSI 45 T 5 AT Rl A HL iR 22 /N T 1%, FR L AT, P& e 1T
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(a) Soil-water interface pressure-time curves (b) Pressure nephogram
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Fig. 10 Soil-water interface pressure-time curves and pressure nephogram
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3.1 AERFETERSENNEF RS ED
T TR I SRS B R EE, B 80 g TNT Y& T AR /37 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7,
0.8, 0.9 m I A AT g . B R R Iy BRI TR ) AT UK, S5 2R AN 6 T .
6 AEIFETHIERFIENRHEN RERRSZHK
Table 6 Theoretical and simulated reflection pressures, deviations, and reflection coefficients at different blast distances

RS

HRE/m e/ (m kg ™) NI HEJ1/MPa RIS
HiR{f/MPa FHLME/MPa AR i /%
0.1 0.232 354.01 632.8 589.90 —6.8 1.788
0.2 0.464 132.66 228.8 229.50 0.3 1.730
0.3 0.696 78.90 133.6 133.60 0 1.693
0.4 0.928 54.44 91.6 91.21 -0.4 1.683
0.5 1.160 41.24 68.8 68.82 0.2 1.668
0.6 1.392 32.98 54.4 53.49 -1.7 1.649
0.7 1.625 27.27 45.1 43.79 -3.0 1.654
0.8 1.857 23.05 37.6 36.75 23 1.631
0.9 2.089 19.88 324 31.42 -3.1 1.630

M 6 T LAE W, ZEARFVRIE T, &S 1 A9 ES T15 45 SR S A2, R A0 A X i 22 24 /8N T 7%, 15680
AR S 1 B AR AR R B AR R T AR e D AE K £ A8 B L R AL RS R A T RORS
R — BRI AT ON R SRR B R KR P R A B 5 P B A P JE R
32 FARIESSETERSEMESFMRSESN

TR0 = P A AR FRL 0 H5RE 5 W J  pe A% 9 1) T DR 2, LA AR R R R R B i g T . Sy
TG A T SRR BN K - 22 FEEE ST RO ) i s2 ), BRI TNT 4t 80 g, FEEIK +38
FURRIE R 0.5 m () TOLHEATHE 00T, BLBS A ST 41.24 MPa, SRR UM EE 0~ 10% Z 1], 15 5]
A SRR TR RO K 4 22 FHHE ST RO T s ma an &1 11 firzs o L 11 o] R, AR A+ b i <k
IRFTEUAE 0~ 10% I BT, 1% 00T 7K 28 B i a5 . B 3 1 A3 6 63.8~70.0 MPa, BLH L
S FE 7 ZR B0 1.55~1.70 2 [18], 358 BH i A0 R B2 AR R = v AR AR B 0 B0 7K 4 38 LT 19 38 B . B R
HARKEMW
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