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Composite Load-deformation Relationship of Soil under
Vertical and Lateral Loads
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Abstract; The research of composite load-deformation relationship of soil under vertical and lateral loads
is the difficulty in vehicle terramechanics field now. The lateral load causing slide sinkage was put
forward by some scholars in the past but the numerical relationship between lateral load and slide sinkage
was not clear yet. The deformation law of soil under vertical and lateral loads was analyzed on the base of
finite element theory. Firstly, the soil stress-strain characteristics was analyzed and the modified drucker-
prager cap model was chosen as the constitutive model of soil considering the soil elastic behavior, yield
criterion, hardening law, flow rule and failure criterion. Then the load-deformation relationship of soil
under vertical load was analyzed in the way of relationship between plate sinkage and pressure by the
plate-sinkage test. Finally, the composite load-deformation relationship of soil under vertical and lateral
load was analyzed considering the lateral load influence by the shear test on the base of load-deformation
relationship of soil under vertical load. The lateral load could cause the increase of sinkage in the vertical
direction, divided the total sinkage into static load sinkage and slide sinkage, it can be found that the
lateral load can cause the slide sinkage and there was a linear relationship between shear displacement
and the slide sinkage. The influence factors to the value of slide sinkage were analyzed and the major
factors that affected the value of sinkage were vertical load and soil plastic parameters such as soil
cohesion and frication angel, the soil elastic parameters such as elastic modulus and passion ratio had
little effect on the value of sinkage. The linear relationship between shear displacement and slide sinkage
of soil was clearly put forward and it can be used to calculate the soil bearing characteristics more
accurately in vehicle terramechanics and other research fields involved soil deformation.
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Fig.5 Relationship curve between plate sinkage and pressure
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Fig.6 Schematic diagram of shear test
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Fig.7 Relationship curve between shear stress and

displacement

7 45 30 1 5 LG5 SR A A SR 88 PE - B B 0
Tt g, NIE 7 Hal LLE 1, 59 U] 0 07 3k 3] 3
—B(H 2 )5 A T I, B 4 35K ) T H BT eR L X
B - 3 TR AT SR A7 AE B M 0 R EE 4 07, A M oy Bk
Bl AR W e AR R SR R B
2.3 EEKTEHRESIENLIERTRA

T R HUURE oz XN T b Y R, K
7 ) B B 1AL A X N BT IR T T B RREL, FE
AT T IG i B B U B o A 32 0K F 2 A
(9 SE AR J - 2 vER AT T B Y e
FIOK - BT 2 J5 , 75 8 BT 1] A LRGSOk, B
BTG .

TEA R 07 e 7 T 4 0 38 it hn /K S 48 Ao, 3 2ok
£ FL B0 15 2 W 2 5 1 1 S U0 RA it 5 7KF 5 1) /9 5
VI #852 Z& W & 8a fif 75, BEKKER 19 i 5 4% 5
I 8b it REECE i 5045 S i 18] 8c frm'* o

B 8 7T LU 07 B0 F A 2k 5 S BRI
13 21 Bh 26 B 1Y — S0k, B DTG 2 A 5T D)
N7 1) 38 KT S RN 4 1k 3 K, I L 7R T 1 4 ey 3 K
MG O 2 0 RER 21 K, X vl W1 07 545 31 19 45
RAE— B E N ETEN

J T — A 1 B 5 R TR R
R UG 5k

2, =2, +3 (7)
KXrh oz ISRIINER s
z,— 3 ELH 5 R 1 TR R
z 1 gl g A UTRE &

AN g A 5 R ATk B AUE IR S5
MTLRE R 2, 5K P 7 | B O A% J B SC & 45 3 0
B9 Fr 7R 4

M9 Hrn] LA M 7 i, 25 3 52 B K- 4

B jlem
0 1 2 3 4 5

MUKtz fom

e b=500 kPa =
61— =600 kPa
—e— =700 kPa

(a) P ELEEHE

BYILES jom
0 5 10 15 20 25

g
\LC
)
5’;1 —e—b=11.7kPa
= -6 ——b=22.8kPa
5 —e—b=34.5kPa

-8

-10 T A

(b) BEKKER{Z 645 5
BN K jlem
0 2 4 6 8 10

—e—0=3.4kPa
=31 —e—b=11.7kPa
—=—b=15.2 kPa

BTz fem
S

-4 (c) REECEIR 25 4t

K8 Il 1T B IR 5 0 YIRS ok & il 2k
Fig.8 Relationship curves between total sinkage and

shear displacement under different vertical loads
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Fig. 12 Relationship curves between slide sinkage and

shear displacement under different soil Poisson ratios
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