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Fig. 1 Geological condition diagram of soil elements
in the 1 : 50000 working area of a comprehensive

training ground
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Table 1 Sampling summary of gravelly sand soils in different areas of the training ground

L/BL SR A
JE 4538 58 BUBTER (R
Sk eS| hFE ok PN/S LB i
Z 7 < FLBRR | 4 Fn JE 45 A JASE i s
A | RE I Ltk | FLER L FET) | MM
%) ) % (%) | P=100~200kPa| Es(1-2)
(g/cm™) (kPa) )
(MPa™ b (MPa)
TY120-TY123 FAR | 0.5 1.72 2.67 | 0.560 36 2 0.071 21. 83 1.3 29.5
TY124-TY127 UK | L2 1. 64 2.66 | 0.641 39 5 0. 079 20. 71 1.8 30. 4
TY128-TY131 Bk | 0.8 1. 70 2.67 | 0.583 37 4 0. 085 18. 65 1.6 31.7
TY132-TY135 | Bgs:p | Bk | 0.9 1.61 2.65 | 0.661 40 4 0. 085 19. 50 2.0 32.5
TY136-TY139 |[WFBTHL | Eok | 1.1 1. 70 2.66 | 0.582 37 5 0. 070 22.63 2.3 33.2
TY88-TY91 FOR | 1.9 1. 64 2.63 | 0.634 39 8 0.114 14. 31 2.4 28.3
TY92-TY97 Ok | 1.7 1. 65 2.64 | 0.627 39 7 0.102 15. 93 2.9 27.5
TY184-TY187 FAR | 0.3 1.56 2.63 | 0.691 41 1 0.119 14.18 1.9 28.8
TY101 FAR | 0.5 1.71 2.67 | 0.569 36 2 0. 102 15. 35 1.3 33.6
TY102 Bk | 0.5 1.73 2.67 | 0.551 36 2 0. 101 15. 36 1.8 33.0
TY103 JFoR | 0.7 1.70 2.66 | 0.576 37 3 0.137 11. 46 2.1 31.2
St
TY104 . Bk | 0.6 1. 74 2.65 | 0.532 35 3 0.106 14. 42 1.5 32.3
A1 3 B Hi
TY106 FAR | 0.5 1.71 2.65 | 0.557 36 2 0.106 14. 70 1.8 32.9
TY69-TY72 FOR | 3.9 1.42 2.63 | 0.924 48 11 0. 378 5. 10 3.5 26. 7
TY73-TY76 R | 4.2 1. 40 2.66 | 0.980 49 11 0. 444 4,46 3.1 27.4
TY44-TY46.
AR | 7.0 1. 44 2.63 | 0.954 49 19 0. 434 4. 50 4.2 23.6
TY68 B iy
TY77.TY193, | UK H
Bk | 4.0 1. 36 2.64 | 1.019 50 10 0. 620 3.26 2.7 28. 1
TY200
TY176-TY179 FOR | 1.0 1. 64 2.64 | 0.626 38 4 0. 086 18. 87 1.5 31.2
T | Jefih-
TY235-TY239 Ak | 5.3 1.56 2.62 | 0.768 43 18 0. 341 5.19 3.6 27.2
— W o
TY158 - FoAR | 0.9 1.54 2.63 | 0.723 42 3 0.096 17. 99 1.0 33.2
VAT 3 B
TY159 JEOR 1.0 1.56 2.62 0. 696 41 4 0.077 22.00 0.8 34.0
TY53-1-TY56-1 JFok | 5.7 1.41 2.64 | 0.979 49 15 0. 482 4.10 2.6 29. 6
TY57-1, )
R | 5.0 1.42 2.63 | 0.945 49 14 0.534 3. 64 2.1 27.9
TY37-TY39
TY47-TY50 |44z | Bk | 4.5 1.41 2.63 | 0.949 49 12 0. 507 3. 84 1.6 28. 4
TY51-TY54 [V | gk | 5.2 1.52 2.63 | 0.820 45 17 0.173 10. 51 2.1 29.0
TY55-TY58 FAR | 5.5 1.43 2.63 | 0.940 48 15 0. 392 4. 95 1.5 29. 8
TY40-TY43 Bk | 7.5 1. 44 2.64 | 0.971 49 20 0. 480 4.10 3.5 25.3
TY63-TY67 FAk | 5.0 1. 36 2.63 | 1.031 51 13 0.798 2.55 3.4 26.5
TY17-TY20 FAR | 7.2 1.42 2.67 | 1.016 50 19 0.577 3.50 1.9 23.9
TY21-TY24 v | AR | 7.3 1.51 2.66 | 0.890 47 22 0. 261 7.24 3.7 24. 3
TY25-TY28 [V | Jgok | 7.0 1.51 2.65 | 0.878 47 21 0. 268 7.00 3.5 25. 0
TY29-TY32 Bk | 8.8 1.43 2.66 | 1.024 51 23 0. 649 3.12 1.6 20. 3
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Fig. 2 Sampling distribution of river terrace gravelly sand soils in different water catchment basins
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Table 2 Summary of average properties of gravelly sand soil bodies on river terraces in different water catchments

L//B: DS L A
JE 45X 5 SN AC )
PN
i kA e | LB | FLER | iR A REY | R4
| BE o, ) RN | WA
w, (%) , Gs e, n(%) | S, (%) | P=100~200kPa| Es(1-2)
(g/em®) B C (kPa) (D
a,(MPa ') (MPa)
B 2 il 10T 97 7 1.1 1. 65 2. 65 0.62 38.5 5 0.091 18. 47 2.0 30. 2
e AR IR G B 1.6 1.63 2.66 | 0.670 40 5 0.196 11.55 2.2 31.0
Tyt e o Y 3 B 5.5 1. 40 2.64 | 0.987 50 15 0.527 3. 88 3.5 25.9
Je i -5 2 i TR B 2.1 1.58 2.63 | 0.703 41 7 0. 150 16. 01 1.7 31. 4
LR TR TR/ 81 5.5 1.43 2.63 | 0.948 49 15 0. 481 41,81 2.4 28. 1
V0 Bl il ¥ 3 B b 7.6 1.47 2.66 | 0.952 49 21 0. 439 5.22 2.7 23.4
AR Hh YT 3 B 3.4 1.42 2.66 | 0.938 48 10 0.272 8.13 3.7 25.8
& 55 T it o Hb 3.5 1.51 2.62 | 0.796 44 12 0.186 9.63 2.0 29.2
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Fig. 3 Comparison of physical properties of river terrace gravelly sand soils in different water catchment basins
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Fig. 6 Linear regression diagram of compression modulus and water content of

gravelly sand in river terrace of different water catchments
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sandy soils in river terrace of different water catchment basins
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Table 3 Summary of laboratory analysis results of physical property parameters in different areas of chalky soil zone
Yy B 5
¢ o RHE : o \
B 5 - TKE w, KRG o, M HE FLER L fLEE A HFIE S,
VU
% (g/cm®) Gs e, n (%) %
TY89-TY92 e P 25.5 1. 49 2.70 1.274 56 54
TY97-TY144 Jevs 26. 2 1.50 2.70 1.272 56 56
TY195-TY198 16.9 1.53 2.70 1. 063 52 43
TY33-TY36 PN 17.8 1.54 2.69 1.058 51 45
TY37-TY40 R 16.5 1.51 2. 69 1.075 52 41
TY192.TY194.TY199 15.1 1.54 2.69 1.011 50 40
TY138-TY141 21. 4 1. 56 2.68 1. 086 52 53
ik %
TY142-TY145 17.7 1.76 2.68 0.792 44 60
R
TY190-TY193 25. 8 1.71 2.69 0.979 49 71
x4 MEIRFERBAZFERSEIBENSTERICE
Table 4 Summary of laboratory analysis results of mechanical property parameters in different areas of chalk soil area
LS
AL JE 45 18 PUOT R PE (R BB R
K 5 | e | Wit | JERRBCY | Egish P e
BE R o, R w0, 5 B®HC Y ko IKF ki
8% | #5% | P=100~200kPa| Es(1-2) B @
%) (%) -~ (kPa) (cm/s) (em/s)
I, I, a,(MPa ") (MPa) @
TY89-TY92 deghkf | 27.9 | 18.5 | 9.4 | 0.74 1. 209 1.88 8.4 12.5 | 3.21X10 * | 4.37x10°
TY97-TY144 | JLPEMN | 25.0 | 16.7 | 8.3 | 1.14 1. 056 2.15 7.4 11.4 | 4.95%X107° | 7.55%x10°
TY195-TY198 24.1 16.0 8.1 0.11 0.153 13. 50 18.5 19.7 |3.15X107° | 6.47x10"°
TY33-TY36 23.9 | 16.4 | 7.5 | 0.19 0. 730 2.82 14.5 19.0 [3.05x10 * | 5.87x10 °
— | &M . B
TY37-TY40 - 22.1 16.0 6.1 0.08 0.911 2.28 15.7 18.6 |4.71x107°* | 7.22x10"°
1
TY192.TY194, .
21.7 14. 8 6.9 0. 04 0. 280 7.19 12.5 18. 4 2.57X10 % | 4.69X10°°
TY199
TY138-TY141 23.4 17. 6 5.8 0. 66 0. 467 4.47 11.9 17.8 3.51X10 % | 4.59Xx107°
1 W2 - ,
TY142-TY145 o 20. 3 16.1 4.2 0. 38 0.298 6.01 15.5 18.6 |3.16X10° | 4.57x10"°
S il
TY190-TY193 23.5 16. 8 6.7 1. 34 0.570 3.47 10. 5 13.9 2.05X10 % | 3.17x10°°
x5 BMIRAARBNAFEREHFEHSHEIRESHTERLCE
Table 5 Summary of laboratory analysis results of arithmetic mean parameters of
mechanical properties in different areas of chalky soil zone
AR
M L REA PR BAKRR o, RIREE o, I LB FLER A WAE S,
% (g/em®) Gs e, n (%) %)
S A 1L P + 25.9 1.50 2.70 1.27 56.0 55.0
235 Mr Ml + 16. 6 1.53 2. 69 1. 052 51 42
ik & FE M ¥t 21. 6 1.7 2.7 1.0 48.3 61.3
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Table 6 Summary of laboratory analysis results of arithmetic average parameters of
mechanical properties in different regions of chalky soil area
VAL 30y
Al I JE 4R 5 L ACN ) Bk R
T
LR i Y| W JEARBCE | RSB P JEE
AR R o, IR @y . e C| | Wk KF b
fefe | #5% | P=100~200kPa| Es(1-2) B o
(%) %) B (kPa) (cm/s) (em/s)
I, I, a,(MPa~ ") (MPa) )
SRR e pe wt 26.5 | 17.6 | 8.9 | 0.94 .13 2.02 7.90 | 11.95 [4.08X107° | 5.96x10"°
EARINE] it 23.0 | 15.8 7.2 | 0.11 0.519 6. 45 15. 3 18.9 {3.37x10 % | 6.06x10 *
ik 2 v - 22.4 | 16.8 | 5.6 0.8 .4 4.7 12.6 16.8 |2.91X107° | 4.11x107°

S TR b 7 K R A IR S TR 2,
Z 0 MR M R A, — 8 P BE B e 1 oK U M K g
J1 S TG R B A b L W E R w L B
B ) TR K L 308 0 O 7 BRSO AT — Ak AR 8 T R
R ZE T B9 SR OK KRN 22¢/h A% 18 2 1R IX
T PR i R, T KU A PG 0 L Bk R AR R B AR
SE S IZAL B A RE B v, Bl B a2 Ak UK R AR B
K5 2258 R M X ek A T Ay g ) B v L 3 2 Y
BK WKWK BA Z AR AL

KI5 2 PGB K OR  EE Bevey , fL B R B IR
— 5 TR i DX 30 BRI ] A o 7 HG DX
Rl e )" s i A oy i O 52, 22 5 ARRE AN L e PR
VIO YR 2 o R i A DX 30 3 1 8 32 & BT B SR

R SR . BLKF-38 35 R A R B0,
AF JFE 02 T 3, LA 45 I =k G o 2 kR
¥y 16 BB R BN T S S I PE M 5] s K SF
£ M B 3 F2 H0K T Je ORI PG I, 3 7 22 3
R A Ab By = B2 P B B sl ROk I P 0 4, D0 Ak
AR BB EPUBY RE SRR T e AL,

AT UGB A BB 1. I =FEHBER
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Fig. 8 Linear regression of the relationship between the permeability influence

index and cohesion in the pulverized soil region
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Fig. 9 Linear regression diagram of water content versus plastic limit in pulverized soil region
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Fig. 10 Linear regression diagram of water content and plasticity index in pulverized soil region
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Evaluation of Water Content on the Mechanism
of Action of Different Soils

YANG Hu,ZHAN Chun” ,WANG Jia, HE Tao,
ZHANG Mingyuan, LI Chenyu,ZHANG Tao

(Civil-Military Integration Geological Survey Centre,China Geological Survey,Chengdu 610036, China)

Abstract: Water content is one of the important physical parameters of soil. In different soils, water content
has different effects on their physical and mechanical properties. In the face of the increasingly complex in-
ternational situation,the study of battlefield activities and support is particularly important. As an impor-
tant part of the battlefield environment, rock and soil mass elements need to be explored in actual com-
bat. Taking a training ground as an example, this paper collects samples of different soil types and makes
mathematical statistics and analysis of laboratory results on the basis of in-situ tests. The research shows
that: (1) In soils with relatively low porosity and dense matrix,the moisture content has a delayed effect on
the timeliness. With the increase of moisture content,the cohesiveness of the soil increases, while the inter-
nal friction Angle decreases. For viscous soil,the moisture content contributes to the shear resistance, while
for non-cohesive soil, the moisture content decreases the shear resistance. (2) The sensitivity of different
soils to water content is obviously different. In the dense and hard soil area, water content changes slowly
and has little influence on the final military-related activities. Compared with the three soils in the area,the
sensitivity is in the order of silt > gravel sand > crushed(pebble)stone; (3)In the simulated pre-rain and
post-rain training environment, the bearing capacity of soil mass and the damage effect evaluation of the
same type of shell in the anti-strike area are consistent with the correlation of soil water content,indicating
that under the same environment,the change of different water content will affect the mechanical proper-
ties of soil mass itself. (4) Moisture content has a great influence on geotechnical physical parameters,
which is an important part of the analysis of battlefield environmental factors,and the research results can
guide the design of relevant exercises and training activities.
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