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Abstract: To achieve accurate and rapid interpretation of in-situ soil mechanical parameters and quantita-
tively evaluate military equipment mobility, an inversion method for soil Mohr-Coulomb parameters is es-

tablished based on the dynamic cavity expansion model using the resistance-velocity relationship, accelera-
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tion and velocity curves, and the relationship between depth and initial velocity measured during the impact
penetration process. It indicates that accurate fitting of the resistance coefficients is critical for interpreting
Mohr-Coulomb parameters. Precise results could be derived using the measured velocity curve. Based on
the experimental results reported by Forrestal ez al. using the proposed method, the relative errors of soil
cohesion and internal friction angle interpretation are 2. 14% and 9.77% , respectively. Furthermore, the
solution domain of the Mohr-Coulomb parameters under the dynamic cavity expansion model is revealed,
and parameter sensitivity is investigated. The proposed inversion method resolves the problems of unclear
physical images and strong parameter dependency in traditional semi-empirical interpretation methods. It
could provide a new approach for rapidly determining soil Mohr-Coulomb parameters and assessing soil
bearing capacity in complex geological environments.
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(b) Fitting of velocity curve and resistance coefficients
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Fig. 7 Fitting of the resistance coefficients based on acceleration and velocity curves
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Tab.2 Soil parameters of He Xiang’s experiments'™"’

W /(g BIEBURE/ WEIIC/ RS/
em ) MPa kPa )
1.86 36.0 61 30

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

(14 RV,

1_'_ \"V(;Zi = . 45
In (1 BVED) | e (45)

R3I AEBANZRER

Tab.3 Results of He Xiang’s penetration experiments'*"’

5 BIREIAME V/(mes ™) BEARE P/m
1 152.0 1.58
2 150.0 1.61
3 149.0 1.43
4 203.0 1.83
5 201.0 1.79
6 203.0 1.85
7 253.0 2.11
8 251.0 1.97
9 248.0 1.95
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(B ER (E 8(a)) , IS AL )M FE B =
1.09X10 * s*/m*, Bk 5r 2 (41) M= (44) nf ¢ 45
@, =276.92 N,2=0. 30 kg/m. B8 & {A L 28
7 =0.13, 718 %] 7,=52. 51 kPa,A=1. 16, Mohr-
CoulombZ %W .

B8 (B I EIMR Fe BT TR BB -5 AW 3 3 06 R
Fig.8 Image of the function f{8') and the relationship be-

tween penetration depth and initial speed

(€)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

OB RN R C AR 2
58.74% , N EEHEff o M AHXTIR 228 3. 07 %0, 7]
UL, 9 A~ 52 56 HAHE R 406 B v A5 2 1 9 R
1 C 5 =Bl S 56 0 5 R R 2 K, T A I A N
FERE A o 5 =l S g i 45 R — 3

WAk, X 3R 3 BT SR AT A AU . AR
SCHRL31], 3% 37 T ) S 50 25 SR X g — R[] 11 5t
AW EEE V,, 43594 150 m/s(F5 1~3),200 m/s
(55 4~6)F1 250 m/s(JF5 7~9) , £ R~ B 55
2% BB S, BT 3N Bl A — 4 B
(AL 2740) kUG o LIIE SR K4, A

x4 27TAHENTHEER
Tab.4 Calculation results of the 27 data sets

Y XK 2R AR SRR N

hiv  TRFS B C/kPa EEEES /()
1 1,4,7 33.45 22.27
2 1,4,8 14.02 43.77
3 1,4,9 13.10 46.44
4 1,5,7 34.32 22.21
5 1,5,8 14.11 44.48
6 1,5,9 13.12 47.52
7 1,6,7 33.24 22.16
8 1,6,8 13.98 43.31
9 1,6,9 13.10 45.80
10 2,4,7 23.62 28.08
11 2,4,8 10.31 57.86
12 2,4,9 10.41 63.33
13 2,5,7 24.18 28.05
14 2,5,8 10. 57 59.23
15 2,5,9 11.01 65.70
16 2,6,7 23.55 27.87
17 2,6,8 10.19 56.90
18 2,6,9 10.15 61.88
19 3,4,7 75.24 10.19
20 3,4,8 42.77 20.89
21 3,4.,9 41.67 21.45
22 3,5,7 76.28 10. 20
23 3,5,8 42.67 21.28
24 3,5,9 41.35 21.95
25 3,6,7 74.60 10.16
26 3,6,8 42.60 20.73
27 3,6,9 41.62 21.24
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Fig.9 Solution domain determined by dynamic cavity ex-

pansion model
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Fig. 10 Influence of the fitting interval on the inversion

results of C and ¢
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Fig. 11 Acceleration curve and the time interval corre-

sponding to the penetration instrument entering

different soil layers'™”
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WA, o o =101, 48 kN 3=1. 87 kg/m

Fig. 12 Influence of parameters E and 7* on the inversion

results of C and ¢, respectively, where o=

101. 48 kN and g.=1. 87 kg/m (using the veloci-

ty curve ™)
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