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Abstract: With the depletion of terrestrial mineral resources, the deep-sea mineral resources have become the focus of exploitation and
utilization in all countries of the world. A deep-sea mining car is an important equipment for deep-sea mineral resources mining, and a soft
marine sediment is a special substrate with very low bearing capacity and shear strength. In mining operations, the physical and mechanical
properties of soft marine sediment directly affect the stability of mining vehicles. The Burger's contact model was selected as the constitutive
model of deep-sea soft sediment, and a laboratory triaxial test was carried out on seafloor soft undisturbed soil in a certain area. By comparing
the actual triaxial test with PFC3D particle flow numerical simulation experiment, parameters of the Burger's creep model of soft sediment were
calibrated. Meanwhile, the corresponding parameters were modified according to the calibration results, the digital simulation model of the
seabed mining vehicle was established under five working conditions with different soil beds, and the subsidence depth of the mining car under
different driving speeds under each working condition was simulated. The results show that the subsidence depth changes nonlinearly with the
driving speed, and the subsidence depth decreases with the increasing of the speed in a certain range and gradually tends to be stable. In addition,
the soft sediment in the creep area features higher clay content (38.1%~ 48.4%), water content (88.13%~ 137.79%), and compressibility
(compression coefficient: 1.86~ 3.73 MPa', compression modulus: 1.26~ 2.13 MPa), and lower density (1.3~ 1.5 g/cm’) and strength
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(penetration resistance: 0.19~1.32 N, cohesion: 3.7~6.9 kPa, internal friction angle: 2.4°~3.9°), indicating that the bearing capacity is low and

the creep performance is strong. This study provided a reference on a macro level and a theoretical basis for safe operation of seabed mining

vehicle on soft bottom with similar parameters.
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Wt T RN TR 2R, R 5 B B IR
AR RTER T G AT T2 RN 2 &
JREAZR AR B B B AE 2R B R A ORI, OF
FERWHEA BRI iR MM AT EY. a5
T, EERRTELY 15% 0910 AU 2 4 Jm 45 R i B 2 P,
A C-C DX P AU AP 7 L 7 L B 3
355 2 & B AR R XK Z WA TIORE I 5
T B 55 JEE A9 i BT o P A B 3 e T VTR B R
WA, REER G2 AR T 248845
DX, R Rl R ) S5 AT AL DA g v IR i 5 Vi 4
RARBE T =5 AR W) BORIR, 8 T R 9 3 Sk TR 45
A% ) PR A AT, A S AR T I TR A B
U, PV AE T 2 B S5 RN X g H s HE
DX, 2 FI A P9 TR K B R R | O i B A IX
(ELBR B 45 4% 5 B0 A A T IS AT AN BT AR ) R T
a3 1) N JLEK 9 R JZ DU, JF R R AN I
REDT, DR R AT A S R 7 B IR R B B
WY, W TR DU YA [ T R R R, R — Rl R
AT KR IR A ORALBR L | IR B A
R B R R SRR B, AR Rl DRI BRI
T 4 B 2 R PR B 5 W SR AT AR AL AR E
BURAY R ) 2 AR BA R R, 2
R HEAGEATE B IR IIRE, SR E N ] BE
AR SRA R GRS o (R I, AT 5 T A I o 1)
Wy By 2 R P TRV SR BT AT BT A R e B
HEE RS, A O R R SE B TR AT Y ISR MR 2
0 B A 22 5 AR SRR BAR A 451, [R] IR Sy 2 0L A
B IX RS 5 2%

FAT, B 28 BRI R T 172
WF5E . 40 Leng 25 M BIF 5T 1T 9 R A 4 09 8 25 4
fiE, L4 S AT M | BUIE R IE AR AR AR R
i vHe T H IR GEE TR N TR IR P RE B
HHEAE M o Schulte % 3 i3 — & Lo 0 B 2 11 1 5
IR UL Tk JER M J5 (14 0 B 7“2 R, T S AR AU
TEA R BT YR E T BN - — i SRR, i 1
RO T PR RE, T T AP T S A2
G VL BCRA 4 (8 25 5 8 U0 . Hong 450 ¢
AL AR AR IR R B B _EATE Y 3D i
AR, il 2 TR BT YR g -6 A% A B )
J1- B A5 UURE A5 5 R A 1R B FOM JE A 4 1Y

YER J7, Xt Il R 4 B AT 38 5 5% ) 47 B P g
AT T 8 15 40 b o 3 A U 58 3 g At v VS DR ol
TEATHRAE 5] RE A B E T R, IR TR AT
AT EEL I SEERZRNER LR, TR TE
T b B S B LA 5] Ty s ke, B2 TR
5 FOR R JICAT A B AR G 3R | W i R A )
K Bt S H B AR T . PRIGSEDM T
TR B AL 5 R Ik TAEBR S, LA K A i ik
WA, JENT TR AT HLAS AR R B R, T
MADYMO £ NI & 5l 77 % {5 B3, 257 T TR IK
JE AR HLAS R LSRR RL, $- 4T T 5 B0, IF 58
GERHEAT TR, BUE TR A R . Q1 A
ST IR R A U AR RE M B 2 B9 T 2L Burger’s
RS, 38 3 K2 C-C A7 DX AR L - 1 0 A8 3 56 7
FE T HOCHESE., W T DSMV K JE HF 15 f i
KEERATAE SR, 4R R R AR L T R 2t
TR A B AT Z 4L L & S KR LB U
S B A ) 2R R B B A, VR SR A AR LK
1138, 45 5 57 B R AR fL TR B 42, IRt B 5%
rf N 2% B8 TRV A RS IR A I AR R . e Ak, AR
FI B3 ) S i, AR A S TS R A
AR A A S e, 235 R e e - M T A AR AR A
TR PR AR, i 2 0T A A S5 KA REAE B T AL R
B i 3 2 5 3RS B 1 TR o B 4 SR AR 1A
(R S BRI A R A T AR 158 2, T DR
o NEAT AR GO R PR T SHEW S (R N A S ]
NI GEEE 2 B 75 VB VS 0016 Bt 1) I 748 R e
B AR IS AUL A A SR ABE L 7AF 1 Y o 1) 40 B o
i Z UK R AR, PR B — 2 i R B
2 1% B U 0O %) 5% A8 Pk, Burger’s 45
RUNE Ay P ) 05 AR RS 2 — | W] 2 WA RS ot 1) 28
SRR S L PRI ] PEC3D 0K i 5018 R 40 45 14
B SE T BE, DL Burger’s 2 il A5 R Ay Vi DS
O BT A A A R A, AT RIS o B v AR A 4
fith 1 22 1sF 1R 25 AN W A7 264X, 400 g 728 I B st
V) A 2 S Aok A, AT 22 AR 3 A S JoiE A I 1 i
AR o DA TR S8R B0 o SR 4 S ARE, I+
Tk 5% N =l s, SR Y 3 ) 22 1 B, Jf
it A N = e 5 AR = il 5% X PFC3D
Burger’s?ﬁﬁﬁfﬁﬂi&??i‘ﬁ*ﬁio A bR o 25



a4 51

BAAL I, 2 3T Burger’s B AR A5 (1 SR 4247 B IR SR A AR BTN BT 181

A8 A N 2 DA T AR A5 AN [ JFE it 4% 1R 4 5 b T8,
Bt Xt 5 Ff T B0 L TSR A7 A R R T =
AT B R Oy B AR, i T AR RS T
# T B0 T W JRR AT 42 A6 A [R) A7 3k J3E e 719 7 g 7%
JEE, DT 3 B 965 5 SR B 4 A Tl BJRG Jo BR) AT B AR
P, 78 75 WL A — BB R, O A2 K T I
BORRE AT HR AR E 5 2%,

1 W55k

1.1 Burger’s $E T A& 5

Xk JEC s RS o %6 FH Burger’s I A8 A5 AU 3 1o
TF IR SCHE A (Kelvin) F1 22 5 B 5 155 8 (Maxwell) 78
125 1) FH 5 Y175 ) Ef B ke A UL AR AL ] . R SO
2 3 FBEL e Je A T B FH R 45, 22 50
5 A5 A 2 2 M 5 R BELJE ST R BRAE AL A
fEA% AR HUAE T T — MR /N B DR, PRt H A% 3 —
7.

TE 3 W) A1 BY U] J7 1] I, Burger’s 45 78U () i A5 2H
SN 1 TR, AR T IR SRR 22 B S s 8
RUHRIEE R .

TER I ) b, 22 o i 5 A AR 4 T W B2 R
Enm, W2 M 50 SR B 5 80N i, B BELJE #5, TFIR 3C
LT R T I B R B, 0 2 M I R PR R Ak
i, IR 45 o FESTYI 5 ) |, 22 va i oA A g 1 1
— W BE R Em 1 26 PE 5003 L — S B R B0k
M, WL JE 5, FF /R SCBE RSB L T — AW B8 Ex 1Y
MR — A REE RBCH i, B 2% 0 2T X
AFGRERY, A7 52 55 0 A CBURLIAL (PFCS.0) ZU{ELA 1
FEAR Ko ) v 5 0 ORE 8] 422 fih 77

TEREJ5 0] b, Burger’s A5 81 4 B0 #8 u Ry 4
R TF IR SCEB 430 A 22 50 01 45 58 53 L sy
Um, = Z AL, MA T FR:

=AY Hh A

Maxwell in, J—‘ Maxwell Kelvin
\ i)
E my -::_'-‘_i

Kelvin . 5
| - _| ' I'r' i
E,

%Bﬁ’ ! ‘ |Ekn

‘ My
HETT I Y] 1A

Kl 1 Burger’s ifi A& 521
Fig.1 The Burger's creep model
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Fig.2 The system of servo motor-control dynamic triaxial test
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Table 4 Physical and mechanical properties of seabed sediments

in the study area
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Table 6 Micromechanical parameters of the model
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Fig.5 Results of comparison between laboratory test and

numerical simulation
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Table 7 The micromechanical parameters of the model under

different working conditions

Maxwellff Kelvinfg N
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1 0.2 10 1.5 0.03 0.1
2 0.1 10 1.5 0.03 0.1
3 0.3 10 1.5 0.03 0.1
4 0.2 5 1.5 0.03 0.1
5 0.2 15 1.5 0.03 0.1
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Fig.8 Computational models of the sea bottom
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Fig.9 A computational model of mining car undersea driving
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Fig.10 Schematic diagram of solid-liquid phase coupling process
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Table 8 Subsidence data of a mining car at different driving
speeds under different working conditions
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Fig.11

Subsidence curves at different vehicle speeds

a: Condition 1, b: Condition 2, ¢: Condition 3, d: Condition 4, e: Condition 5.
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