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Numerical Study on Bottom Boundary Effect in Quasi-Static Intrusion

into Granular Media”~

Zheng Yuxin Zeng Xiangyuan'

(School of Automation, Beijing Institute of Technology, Beijing 100081, China)

Abstract Based on the spherical discrete element method, this paper studies the bottom boundary effect
of granular media, simulates the quasi-static intrusion of rigid body cylinders into particle media with
limited thickness to the bottom boundary. and explores the relationship between the resistance of intrud-
er and the depth of intrusion. The results show that the resistance-depth curve of the cylindrical quasi-
static intrusion particle layer to the bottom of the pool has a linear hydrostatic pressure in the front sec-
tion and an exponential growth form in the back section near the bottom boundary. However, there are
fluctuations in resistance within a few particle sizes from the bottom, and the wavelength is approxi-
mately the same length as the particle diameter. Furthermore, the particles in the inverted conical curing
zone connected to the cylindrical bottom have dynamic renewal. The curing zone collapses when the in-
trusion is close to the bottom boundary, where the local particle blocking determines the resistance
growth trend. Additionally, the particle force chain below the bottom of the cylinder is transformed into
a “bottom-bottom” force chain between the bottom of the cylinder and the bottom of the particle pool
when it approaches the bottom boundary. The decrease in the average number of particles after the force

chain is squeezed explains the volatility of the resistance oscillation.

Key words granular media, quasi-static intrusion, bottom boundary effect, = mesoscopic force

chain, discrete element simulation
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Fig. 1 Sketch map of quasi-static intrusion into granular media
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Table 1 Parameters for granular material
Name Value
d (mm) 6.6~9.4
o(g/em®) 1.52
K, (kPa) 9.87~14.21
Fp 0.12
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Fig. 2 Validation of repeatability and quasi-static rationality
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Fig. 3 Variational trend of resistance force and relative

height during full intrusion
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Fig. 10 Force chain at different moments of intrusion

Ve OB MR 101mm B9 58 & 42 A T84
Broe W 70 B B9 A= 5 2k R DL D HOBURL K

25894 Wi, e B HEfih J3 F.>4. 5F . BYRT 2000 4~ $%
fil VR Sy 03 ik O s A s 0 4 i, T2 B AL SR BRI
WORLECA KT 50 WOY R R KRG R 5K T
i 2 15 J0 . AZ AT WIHR A A SRS 46 il
SELMR A I BEIE A UL 10(a) ~ (o). LR AT,
WKL IS H ARIE 1 T) B 5 B 4= AR A (9 RS T8 DA
J7 A R R R Y ) B 2 T (L A i R A )
B 5 242 AT ORI 11 A B A= A (B A G T 2 A
LRI P Z (BT 18 T 188 B 5 1) 1) ) L 3 4 R
— IS I BE W 2L E A 5 4 AR Y i AR % AT
BHEWMKKR. B TR — RS & T8
rh B KA IS — 8 43 422 ik g BRI 0k AT Ak 2D A Sy g
FE Sty 14 i 35 42 fish ) S B E AT 50 A O BB R —
SR J14E I E 10CH .

i 3B B AR A G R BN URL R AT R L K BB
AR A RHESE AR HR IE T 5 % B IR — K ) 4
HA) V- S5 ORLE £ A W is /DS o DS DN 31 LA
AL 5 T B AT IR LA A 08 TR 5 1) 7K P T T A2 A )
B BE AN SZ 500 AT SR R BUORE. £ RN B R
UKL ) o] S0 HE R 3K A A 1 AR KRG AR B 4. AR AR )
B3 ik 1 SIS I — B RRAE L R — R ) b
F2 AL 36 B 5 ) 0 R T SEBRAR BT A4 T i
R L RE R R L A+ 1 IR E e B
FRRIXS R 1 — AR A BH 3 4 3 J 0T . 29 1 A4~ Bk
HAE S LMW G AR T R
TURL B g B X B G R AN R 3 TR

3 “IKRIRTNEFH BB

Table 3 Average particle number of force chain

h(mm) F(N) l.(a.u.)
25.14 52.57 4.67
21.27 63.73 4.13
16.12 71.94 3.55
12.24 126. 27 3. 00
8.37 50.99 2.41
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