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Table 1 Table of results of laboratory analyses of physical property

parameters in different areas of the chalk area of an integrated

training ground
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Fig. 1 Schematic of the sampling location

of an integrated training ground
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Table 2 Table of results of laboratory analyses of mechanical property parameters in different areas

of the chalk soil zone of an integrated training ground
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KE 5 202 o, wp ) ! ! P=100~200 kPa | E_(1-2) C © BBk, REk,

(%) (%) ’ - a,( MPa™") (MPa) (kPa) | (°) (mm/s) (pm/s)
T89~92 | 27.9 18.5 9.4 0.74 1.209 1.88 8.4 12.5 3.21 43.7
T97 ~ 144 25 16.7 8.3 1.14 1.056 2.15 7.4 11.4 4.95 75.5
T195~198 | 24.1 16 8.1 0.11 0.153 13.5 18.5 19.7 3.15 64.7
T33~36 | 23.9 16.4 7.5 0.19 0.73 2.82 14.5 19 3.05 58.7
T37~40 | 22.1 16 6.1 0.08 0.911 2.28 15.7 18.6 4.7 72.2
T192 21.7 14.8 6.9 0.04 0.28 7.19 12.5 18.4 2.57 46.9
T138~141| 23.4 17.6 5.8 0. 66 0.467 4.47 11.9 17.8 3.51 45.9
T142~145| 20.3 16. 1 4.2 0.38 0.298 6.01 15.5 18.6 3.16 45.7
T190~193| 23.5 16.8 6.7 1.34 0.57 3.47 10.5 13.9 2.05 31.7
T190~193 | 23.5 16.8 6.7 1.34 0.57 3.47 10.5 13.9 2.05 31.7
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Fig. 2 Linear regression plot of regional infiltration influence Fig. 3 Linear regression plot of water content versus plastic

index versus cohesion for an integrated training ground with limit (a), plasticity index (b) and liquidity index (<) for

chalky soil an integrated training ground chalk area
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Table 3 Summary of average properties of gravelly sandy soils on river terraces in different hydrological basins
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FE AR w, P, c . n S, P=100~200 kPa E(1-2) C @©

(%) | (g/em®) 0 (%) | (%) a,(MPa™) (MPa) (kPa) )
R9 B 1.1 1.65 2.65 0. 620 38.5 5 0.091 18. 47 2.0 30.2
R2 Hrits 1.6 .63 | 2.66 | 0.670 40 5 0. 196 11.55 2.2 31.0
R4 Bt 5.5 1.40 | 2.64 | 0.987 50 15 0.527 3.88 3.5 25.9
R9 b 2.1 1.58 2.63 0.703 41 7 0. 15 16.01 1.7 31.4
RS Bt 5.5 1.43 2.63 0.948 49 15 0.481 4.81 2.4 28.1
R6 Bt 7.6 1.47 | 2.66 | 0.952 49 21 0.439 5.22 2.7 23.4
R11 b 3.4 1.42 2.66 0.938 48 10 0.272 8.13 3.7 25.8
R7 Birb 3.5 1.51 2.62 0.796 44 12 0. 186 9.63 2 29.2
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Table 4 Changes of water content, pore ratio and

mechanical parameters

Bk BRI FEgiki | NEEEEM | LIk

(%) ’ (MPa) ) PR
0.3~1.7 |0.560~0.691 | 14.18~22.63 |27.5~33.2| f#E+
2.6~5.3 [0.721~0.829 | 9.62~13.15 |25.3~26.9 | H14+
7.0~8.8 [ 0.878~1.024 3.12~7.24 20.3~25.0| %+
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Fig. 4 Influence of different watershed water content on

mechanical parameters of gravel sand at an integrated

training ground
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Fig. 5 Influence of different basin pore ratios on mechanical

parameters of gravelly sand at an integrated training ground

EHEION
TR 53 B DX s P L B Ee—H B g 2 A 56

P, FLBR HE R S W b A P 45 g 1 ol Sy L



%3 FEALAE  FE M T - R EE A A AT Bl A LB 5 747

FRAEFEA Y B 7 2 0 a5 SR, A M SR FLBR L
X H 2R R R (18] 5) 2 i IX SRR FL R e 7R
0.551~1. 106 i FEl N, BRADFL B Lb % 5 e 45 5 15 Fl
PR EE 2 A ELA B R ), FLBR AR B R A
FIP R A RN B R PR AR, AR L%
DX IR A FLL B B o 7 A5 R PN B 488 £ 110 5% T 48
T, SR UM ST ISR | T 5 K RN B 5 T e
M . AL EE R /K SR 22 (R] A S BR, B AIK R
WP 142500, S B0 B AR R TE SE PR AR
S B AN AL E KR AALIR P S50 AR,
NSNS 2/ VIE S 28

XoF AN ) e SR D LR LU 5 124 S B0 5 R 43 #r
FIEN D S) AN TSk BRAD (4 FLBR LL | FE 45 1 FN 2
RIS B 2 508 BT % 28
AR DGR AR — 3, SRR FLBR Xt e
AR FN P BE AR A S R R R A e R, H
B AR 3 BR D FL B L ARG, 7E 0. 560 ~ 0. 691
ZIE) BIE R 0. 62, Rt 55 P EESE M 45, 430l
7E 14. 18~22. 63 MPa Fl 27. 5° ~33. 2° 2 Ja] , ¥J{H 43
S 18. 47 MPa F1 30. 2° 5 VR B i AL B LL 45 v , 78
0.878~1.024 Z[] , ¥{H 4 0. 952, IR 45 5 it 5 P JEE
BEAHIAR, 20 BIAE 3. 12~7. 24 MPa Fi1 20. 3° ~25. 0°
Z0E), ¥IMESY N 5.5 MPa 1 23.4°, fLBR H 26
BRI EEE AR ERAD P BE 7 2 R )
FHOCHE 5% Hh X B0 B AR f R B — B, AR S
P oA 45 HERED 2 H A e AL AR LR (R 4)

3 R4, RO VAT I B b & 7K 38 (1. 1% )
%, At (18. 47) fm , iz P A8 IE g J1 0, 1
TRIB 15 R B, R4 )37 B 4L X35 7K SR AR, TR
ARSI 5 XS R AT, PN PR AR i 5 KR 2
A 5 SRH G, DRI B SRk S, A R H & A
AR BN TP REREAR . AR B BT 50 B (KSR ) Bdie
OIT, SR SRR I o I 5C, B S K R 50m, +
A PR S 20 P AT J 5 e B e, DT 28 3R g 3

X AEFE B s VR 456 BRD AR Py 3
ISR AR BT ARl TR R T 0 BRAD B KR 28
WSS 2 | R R R A, 3 A SR O, R K
H EREREGR L WORRRES, RAER g gt remga o) B8 (0) S AKEX RS
B BRARHORBAE ST, AL HRBOID TR R el 1 e kR AL e 5 PR 4 R RO R
BARBLE 2 ZR T RE Y8k KI5 X AKX, [ ()

WLt , M5 &AFGLY IBERME, Fig. 6 Linear regression plots of compression coefficient( a)
3.3 fE#b and cohesion(b) versus water content for medium sandy soil

*ﬂ@ﬁ%ﬁﬁﬁ%gﬁﬁ‘j%ﬁ,fgﬁimﬁmj{% 0 bodies, 'linear regression 'plot of pore ratio versus
N . . . compression factor for a certain water content (c¢)
IR SRR, 10 m D)L B AR R A S8



748 Mo R

it

2025 4F

HhFEAREE 1 354 MPa, J5i i WA | 4 (8% 52 MRS
FEH D SIS, G £ LRI 5E RO =M AR
] S AS JFR AR RS BOR . BKER 1.2%,
FIREE N 1.52 g/em’, FL TR 2.63, fLER L A
0. 75, LB 43% M FEH 5% ; T35 240, 471
e 24 5E 100 ~200 kPa Z ] i), HE 45 R 80 H
0. 08, FE4atbits hy 22. 01, HUBYSREE ( KR ) MIAH45 2R
HAAKBER S0 1.2 kPa, NEESEF N 33. 20 MWD
BEARYEZHON(£S) .

H B A1 S0 K S 56 50 T A KA = X LR
SR R [ B S, AR 0, TR SCR A BAG, AT
PLBEATA IS W6 8, AR T T, PriTdime
LG
3.4 thih

FEE A AR 5T X VY R A 2 R X, 32 AR

PR A BT SR D - HE R SRR, 10 m LA 1 B
AN SN L 7K 2 T 325. 47 MPa, JiHh IR
B, RS, X A S T, IR AT W AL Rty
AR ORRAT AR He B ) A B (U9 7 5 oAt 2 Y
+ 1k,

R I E B o8 D SR, G £ IA
A TS TR SEER IS IR RS
L 6, PP IX P SO, &K% 4.3%,
FIREE ] 1,55, LT 2. 63, FLER L A 0. 774, FLER
RNy 44% HIFE N 15% , S 550, R4 v
5% 100~200 kPa Z [AIE, H R 46 R B0CH 0. 283,
FEARREER N 8. 93, PLBY IR AL (KR ) AR 25 R 44
R IR 3.6 kPa , INEEHE S 26.9°, [RIHI XTI,
HRD AR TR, S KR T, AT AR 01 59 , W] A
YUY RE ST LA AD S

x5 AT EYMEBESHRNFSHICE

Table 5 Summary of physical and mechanical parameters of coarse sandy soils

Bk | RIREE W LB, LR | AR ERGES (& FE 4 e TR AR AR

+REA TR w, Po c . ; n S, P=100~200 kPa | E (1-2) I @
(%) | (g/em? ! (%) | (%) a,(MPa™) (MPa) (kPa ) ()
piikoy 1.3 1.53 2.62 0.735 42 5 0.081 21.47 1 33.8
pikoy 1.1 1.5 2.63 0.773 44 4 0.079 22.55 1.3 32.5
Sy 1.2 1.52 2.63 0.754 43 5 0.08 22.01 1.2 33.2

Fo PR T AW EMESHRAFESHE
Table 6 Table of laboratory physical and mechanical parameters of medium sandy soil body
Bk | RIREE o LB fLpRs | ORI I ES e R4 i TR N PA S 482 £

HRHE | o Po ¢ . n S, | P=100~200 kPa | E(1-2) c ¢
(%) | (g/em® ! (%) | (%) a,(MPa™) (MPa) | (KkPa) )

T168~T171 1.5 1.56 2.63 0.711 42 6 0. 063 27 1.6 32
T180~T183 0.2 1.54 2.63 0.711 42 1 0.117 14. 68 2.5 26. 1
T188 ~T190 0.5 1.54 2.62 0.71 42 2 0.135 12. 67 3.1 27.0
T17~T19 4.2 1.57 2.63 0.746 43 15 0. 086 20. 38 2.0 30. 1
T20~T23 2.6 1.56 2.62 0.723 42 9 0. 096 17.96 1.7 31.4
T24~T27 4.0 1.38 2.63 0.982 50 11 0.705 2.81 2.9 27.3
T32~T35 4.0 1.45 2.64 0. 894 47 12 0.294 6.45 3.2 28.1
T41~T44 4.7 1.45 2.65 0.913 48 14 0.328 5.83 3.9 28.6
T214~T222 5.6 1.61 2.63 0.725 42 20 0. 280 6.15 4.5 25.9
T223~T226 5.4 1.58 2.62 0.748 43 19 0.315 5.54 3.9 23.4
T227~T230 4.3 1.67 2.63 0. 643 39 18 0.211 7.79 5.0 26.7
T231~T234 6.7 1.65 2.63 0.701 41 25 0.258 6.58 4.3 26.0
T240~T243 6.0 1.59 2.62 0.747 43 21 0.367 4.76 4.5 25.0
T244 ~T247 4.9 1.46 2.63 0. 890 47 14 0.458 4.13 3.8 24.1
T248 ~T251 6.2 1.59 2.61 0.743 43 22 0.269 6.49 4.7 26.9
T252~T255 6.1 1.53 2.62 0.817 45 20 0.364 4.99 3.8 24.7
T256 ~T259 4.5 1.58 2.62 0.733 42 16 0.343 5.06 4.1 25.8
T260~T263 5.5 1.56 2.63 0.779 44 19 0.316 5.63 4.6 26.4
T264 ~T267 4.9 1.53 2.62 0.796 44 16 0.374 4.80 3.6 25.5
-1y 4.3 1.55 2.63 0.774 44 15 0.283 8.93 3.6 26.9
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1 (1l 6a) F1 (&l 6b) AT, Hab 4 A X P 5 7K
TG RGBT B, R BEE 7K
RAE SRR RELEI N R R e, AP AR
fiE bt 2 35

TEEUE K 4. 0% ~ 5. 0% Z 18] I FE &, 4 i 1L
BREE S R Kb B 2 18] A4 56 21, fEOHS T B 2k
PEENEE (E 6¢) , 0B ml A1, FLER L TE & KR —
IO, 5 ARS8 RECR IE b, 5 55 V158 5 o
BRR, PEACK LIS 2S5 e R
& K RIE 0. 2% ~6. T% 5 P, FLER FL7E 0. 71 ~
0.982 Z[a], FE4EREEAE 4. 13~27 MPa Z 1], B8 )
fE1.6~5.0 MPa Z [H], NEEHE M TE 23.4° ~34° 2
B, HRD B 7K R H: 2 R 1) 5% i 458K, 1 L R
FEBRZ M /N, AR b Bk RS R | P B
ABLERF KR GRS

E. =-2.31xw+18. 88 Fl

©=-0. 59xw+29. 42
KBS FHR N BLMIEM KR, UATEN

¢=0.388%w+1. 89 (5)
T FL B L L Ty 25 2 80 00 AR A B0 A 52 W 2 55 , 0 ds
SRR, X R B AE AL shal 47 o B A K
R, PSS B 52 50 8 T A AL £ X
FENCHE Ry W [ 55 R R T 20, FFAZRCRA X
I, FIFHLhEAT5 IS I sl , AR F THM5R, PriT

(4)

S AU Uy [ R b AR SR TR AN AT A
2y 22 km®  JEFEAHXTE K, 10 m DL BFAME A ST
DN DX I PSP 24 3t B 7R 28 7 R 329. 59 MPa, AT T4
W Ky EbAT TR T, 43 M7 v] 2 S BB Y fE e, 1
AT b 20 I, S A TORE 285 3R 1 i AR I3, Ky
WXAT G £ VEMNTEPE X T 2, A2z i P47, 7Y
0] A kg VR 3 A Ry = DX, A A T 3 e b e (B
A MARRPIX

M EE T G £ IVG AT, 1% £
TR X TR D DXCR AR S, SIE50 0 HE A A
(£ 7)., MERTWH, KB SECH , &
IKF 9. 6% , KIRTEE N 1.46, HL T 2. 65, FLER L A
0. 995, FLBR K 50% M R 25% , T2+ S50, &
4RI M E5R 100 ~ 200 kPa Z ]I, Ho R 45 £
B 0. 612, B4ttty 5. 27 FUsT i g (KR ) MiFS
SERH A ARFEEE 10 4. 4 kPa, INFESE AR 23.7°,

ST 2 S HONR, 2D K%
LR SIS HOCR NE 7 P, w5 i
TKRIE 2.4 %~17.6 %IEHE N, FLBRELTE 0. 772 ~
1.238 LN, R4t 1.79 ~15. 14 MPa Z [a]
B NAE2.7~6.7 MPa ZJa], N FEEHE A 7E 20. 4° ~
29.2°2Z 8], KyWb KA AL 5 R ga i i N
PR R AAC R, H, &K R 2

drRE IR FRBORE WA (18] Ta) , KRS N EES Ay S 401k
3.5 b S (18] Te) AN
FEAMTE G £ Wk i R dE P SR Xk, ©=-0. 12xw+24. 87 (6)
R7T MR T RWEYIER HFERBERELCS
Table 7 Summary of data collection for laboratory physical and mechanical properties of chalky sandy soil
K | RIREE - LB LR | A FE 4 2404 FEAEBt | BRI | MRS
e TR wy Po c ) 6\ n S, P=100~200 kPa | £ (1-2) c ¢

(%) | (&/em” ’ (%) | (%) a,(MPa™") (MPa) | (kPa) | ()
T09-T12 8.2 1.38 2.65 1.078 52 20 0.484 4.3 4.2 22.5
T13-T16 9.1 1.32 2.64 1.182 54 20 0.925 2.36 2.8 20.4
TO1-TOS5 4.0 1.44 2.65 0.914 48 12 0.226 8.48 3.4 23.8
T0O6-T09 2.4 1.50 2.66 0.816 45 8 0.213 8.53 4.2 25.7
T36 ., T78-T80 4.7 1.56 2.64 0.772 44 16 0. 156 11.37 4.4 25.2
T81-T84 5.9 1.42 2.66 0.984 50 16 0. 645 3.08 3.9 24.3
T85-T87.T191 6.10 1.55 2.650 0.814 45 20 0.120 15. 14 3.2 26.5
T59-T62 5.8 1.50 2.65 0. 869 46 18 0.299 6.25 4.6 23.9
T41-T44 17.6 1.43 2.66 1. 188 54 39 1.225 1.79 5.8 21.3
T45-T48 15.7 1.37 2.65 1.238 55 34 1.102 2.03 6.7 22.9
T49-T52 16.9 1.44 2.66 1.159 54 39 0.987 2.19 5.2 20.7
T37-1-T40-1 4.3 1.47 2.65 0. 880 47 13 0.363 5.17 6.7 21.4
T98 ,T99 4.7 1.40 2.66 0.989 50 13 0. 652 3.05 2.7 29.2
T100-T103 10.3 1.50 2.66 0.956 49 29 0. 856 2.28 4.5 25.1
T104-T107 9.3 1.40 2.65 1. 069 52 23 1. 240 1.67 3.6 23.0
-3 9.6 1.46 2.65 0. 995 50 25 0.612 5.27 4.4 23.7
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Fig. 7 Effect of water content on mechanical parameters of silt sand
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2 b Ty B S AR T M A, Kb R )
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Fig. 8 Linear regression of the relationship between
water contentand cohesion of chalky sandy soil under a

certain pore ratio
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& 8 WA LIRFLBREL (1. 078~1.238) HMICBFIE
Table 8 Summary list of samples with pore ratios (1. 078~ 1. 238) for chalky soils

fokE | RIREE WE LB Lz | A e FR4E BEN | MEEEM

BE S G 2 w, Po c e n S, P=100~200 kPa | E (1-2) c @
(%) | (g/em? ’ (%) | (%) a,(MPa™") (MPa) (kPa ) ()
T09-T12 8.2 1.38 2.65 1.078 52 20 0.484 4.30 4.2 22.5
T13-T16 9.1 1.32 2.64 1.182 54 20 0.925 2.36 2.8 20. 4
T41-T44 17.6 1.43 2.66 1.188 54 39 1.225 1.79 5.8 21.3
T45-T48 15.7 1.37 2.65 1.238 55 34 1.102 2.03 6.7 22.9
T49-T52 16.9 1.44 2.66 1.159 54 39 0.987 2.19 5.2 20.7
T104-T107| 9.3 1.40 2.65 1.069 52 23 1.240 1.67 3.6 23.0
-1 12.8 1.39 2.65 1.152 54 29 0.994 2.39 4.7 21.8

e 8 froR , rI R L SG R P R S B AY
TEAHSENE , B TE— 5 S KRR B AR K
SR, FURE ] 66 58 T 132 Wi o, A S8 e AR LA
FAERITIBIRE ST, BAT B IR R (3R 9) o

4 AR SHLEE

(1) ARG RRAD 4 1A S g0 $0 4, 2 Wl Wy 2R % g
SN Pearson ( J7 /R AR BV AR RELE (£ 10)
FEVEPEBE A AR, BB SR P PSS 5K
] RE DG P BRA ; AR A% T 1, RIS ARy B 2
BB KR AL LS HoAl ) 2 S RO et d i, R AR
W, PR

(2) FEF 5T DX B A DX, AT 01 G B 4 34
ZRCE KR AR 5 22 S HUR 45 2Z 18] 1 X

R BKE IR ENFSHENME

Table 9 Water content, pore ratio and mechanical

parameter variation rules

BERR TEARIB B, Hs2 w5 R YA A R A . Bk
W AAREKELE O ~ 1.2% ], E4iti e 8% T,
B KRB , i S5 AR T RE S 34585 1. 2% ~ 4. 0%
Z A, i i O KRBk 4. 0% ~ 9. 0% Z 18], s
it FE AR JC AR AL M 1.2% ~ 4.0% 5 4.0% ~
9. 0% X [H] , Fif & FE 4 i i B B K FJ5 &, U 1k
BRI BB K 310 & IR AR B BEAIR, S fAH ¢
KFZ, WP AR LB AAE 35% ~ 43% Z 0], 4
B TC B i R G 3R T FLBR 3R AE 43% ~ 55% 22 [H],
JEGEM R S LB R 5L I W M G &R | B FL B SR 5
I, R RN BRI T, KR AL
BRI 5 e g B A G OC R
(3) B UEHT ) TAE A3 4518 0 A B 5 50 H
P, FEHATHEUE TAEA . OPLahE T KRR 23R
AR SINR, TE G 2 PEILERARAD X A5
T EHTEJE RS S HO LS, T
gE LR AR T S R AR ] ¥ g

SR THCET e A BT KA T T

TIKE (%) LB JEGEAE (MPa) | NEEEEM(°) | HARMER . . .

o U RARTE T A RORL N AR S, TS

2.4~6.1 0.77~0.98 3.05~15.14 21.4~29.2 E:ij:j: ﬁEﬁE@iﬁi,@E%ﬁj}‘FF& 12 MPa,E\
8.2~10.3 0.96~1.18 1.67~5.27 20.4~25.1 A

15.7~17.6 1.16~1.24 1.79~2.19 20.7~22.9 i+ 1$%ﬁﬁ%1&’ﬁﬁﬁﬁilzz:ﬁﬁ*\ﬁ EIZ

= 10 FERS T4 IE K /1 S # Pearson ( [ /R ) SEASEFE X R LK
Table 10 Table of Pearson ( Pearson) product moment correlation

coefficients for physical and mechanical parameters of gravelly sandy

BT RETITE £ E T AR, 25 53R %
B TEE P S R R e, AR S
JEEAR 5, AR AR T3, A T I X+ AR
1 F-3 381. 74 MPa, 11 18 % X 48 1 14
K S F-34 0 416. 16 MPa, F-215 31 MPa

{8, LA S KRS w0 e &, @A)

soils
SRR | FKR | RIRETE | thE | fLBRLL | JRgaiia | BT | B
FRE 1
KIREE | 0.75 1
[} 0.11 0.25 1
LB | 0.84 0.98 |0.13 1
gt | 0.77 0.83 0.13 | 0.87 1
FERN 0.45 0.44 [0.06| 0.45 0.29 1
INEEER | 0.8 0.67 0 0.74 0.65 0.62
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Military geotechnical elements affecting military operations
research on the mechanism of winning

ZHAN Chun"? , YANG Hu"? , LIANG Jun"? , ZHANG Tao" ? ,WANG Jia"?,
HE Tao"?, LI Chenyu"? , LIU Cheng" ”
1) Civil-Military Integration Center of China Geological Survey, Chengdu, 610036;
2) Cuwil-Military Integration Geological Research Center, China Geological Survey, Chengdu, 610036

Objectives and Methods: To conduct an in-depth study on the constraints and influence mechanisms of
different geological factors on military activities such as engineering construction, equipment utilization, firepower
strikes, and logistical support for mobility, this paper preliminarily explores the military winning mechanism of soil
within geological elements. The aim is to provide a theoretical basis grounded in geology for utilizing and
transforming battlefield environments to enhance combat effectiveness.

Results; In this study, the authors utilize a comprehensive training ground as a " testing field," focusing on
military training activities within specific functional areas. The research centers around five typical types of soil
found in the training ground. Field tests were conducted to gather data from these locations, along with sample
collection for analysis aimed at obtaining physical and mechanical parameters of the soils. Furthermore, we
investigate the coupling relationships between significant physical properties and mechanical parameters.

Conclusions; The results indicate that moisture content, void ratio, and longitudinal wave velocity are critical
mechanistic factors influencing soil behavior. These factors significantly affect resistance to explosive impacts,
mobility during operations, and fortification construction in military contexts. Consequently, understanding the
relationships among soil moisture content, porosity ratios, and compressive modulus can guide various military
activities-including fortification deployment during exercises- and also has substantial implications for strategic
decision-making related to operational actions such as strikes and logistical support.

Keywords : training ground ; military geology; earth element; military action; mechanism research
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