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Bearing capacity characteristics of bionic teeth root pile based
on transparent soil model testing technique
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Ministry of Education, Chongging University, Chongqing 400045, P. R. China)

Abstract: For the first time, a bionic root pile imitating mammalian lower jaw molars is proposed, based on the
principle of biomimicry and combined with the characteristics of high bearing capacity of mammalian mandibular
molars. The bearing performance of bionic root piles and the extrusion effect of sinking piles differ from the
conventional conical or flat bottom piles with circular bottom sections. In conjunction with a combination of
numerical methods and model experiments are used to explore their bearing characteristics and the role of piles-

soil in the pile sinking process. First, the discrete element method (DEM) was adopted for numerical
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simulation, and it was discovered that the bionic tooth root pile can significantly enhance the bearing capacity of
the pile bottom, but was prone to causing soil stress concentration. As for the model test, the particle image
velocimetry (PIV) technique based on the transparent soil model test was implemented, and the pile loading
instrument and CCD high-speed industrial camera were used to continuously capture the scattered field
generated by the pile peri-pile soil under the linear laser during the pile loading process, and the velocity and
displacement field of the soil mass were obtained. Ordinary conical piles and bionic root piles were subjected to
immersion tests, with the results indicating that the bearing capacity of bionic root piles on vertical loads was
greater than double that of ordinary conical piles, and that the dragging effect of the pile body and the

displacement of vertical soil at the bottom of the pile were more pronounced. Furthermore, when the concave at

the pile's center was not excessively large, the transverse displacement of the soil was minimal.

Keywords: bionic piles; bearing performance; transparent soil test; pile foundation; pile extrusion
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Fig. 1 Design sketch of bionic root pile structure
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Fig. 2 Schematic diagram of numerical simulation for pile

bottom

1.2 TikiEs

VE 2 Wt 8 26 P R IR kL7 T DL FE B T
BB AL R A BT VR Bl EE AR Ty A
£230 e Rl N /e ol NS v I N XV W S E NS VARl
PFC2D5. 0 1 i/ “Clump” iy 2 & 1, BI#5 A4~ AH ] K
NEY“ball” I K AR 1. 2 & M. X P4~ “ball” Z
[ A 1 /e R e 454 b [ 45 R 22 32 0T 43
o AT 10 m>< 10 m ) {5 BLABE RS, 4n S 4 BBz T B
S A A SURE B A AR SR R A TR AR B, TR e R AR
1 mm, B 050 JOR 2338 3] 10°, AT AL )
W S A0 DA R B AR B R) o A T A AL ) A B



22 A5 R B IR

FAR(P E L)

% 45 &

KT R IR AR, IR 38 B8 A T 5 1 i ] 20 Ky
10" s MHE Zhong S5 "YW A5« Xt F K 4t clump [H]
Bt 2 55 B0 NG 0, I 1% 16 RO TP g W L IR R
TH B SEOR SR T o A “ball” Z [ B A 11
YER B AESs M B Ss  R S AZ Jmr . X+

10 m > 10 m A9 {5 BASE A G S i BE 42 50 B0 50 + At
L 8RR S HEAT R T A2 B, AN 8 BLAR N 1 mm, R
TR O R R S BOR R T B
SR T 1 7 — 2% T 42 ok Y 2 3% Ry % 1wk [ 2 fih 11
JE 9 1045 , AP F R 2 kit 11 28 75

R1 HE#ELSH

Table 1 Parameters of numerical simulation

K45 3/ EAINEEE/ RN RRKIEE D 4 i ) i — 2% I JEE K A/
A &73 ij]JjE A 1] ﬁ, i ﬁfﬂﬂmﬁfﬁi | P — ﬁ%%‘i g S kLA
(kgem ™) (mes %) K,/(N-m™ 1) K/(Nem™ 1) PERBL cm

2 500 10 107 0.2 0.5 0.2 10

A ORI, S T Duan 2825452 B 0 RS B, 7E
10 m X 10 m B A Y G b DS 0 T 4 FH 535 1A B T 70
A X, B XA KN T m X T m, W 3R .

3 tiEH4dE
Fig. 3 groups of the ground

Clump ¥4 1& Q1 4 e o 76 5~ Xl rh 2 Bt )
U FLBR 0. 2 28 il 4% 8~12 em Y ball ki 1, 7F 5
T — R A e RS S B DX 35 AORE 2 B
Br L OF DAL o A e i JE , X B A - R kAT
F(10g) A3, I /6 H RS T B BF 4, D40+
A DA 3 THT B R 2 S R G R AR Ak R R

(a) 15 HE (b) 25 HE

T« 1 BN IETT

Hm BT e A BB Y el 3 R X RERILAE
B R AR HE AT A I A5 3 0 4 B 2R 4 9%
2, iz i LR B 22, AT DA AR B L A A
R

33888
T T T T T T 1T 11

v
S

3888

5 0
BiAZ/em
B4 B i &

Fig. 4 Particle grading curve

WRLNTRRAR IR E S %

o

1.3 HEEBEREITE

1.3.1 2444 KSR 1~4 5 MR Ik
YT RS . MR 5 AT L & BR, 58 30 A A k2 1 05 7
B T W O R A A N AR e T
I EF 1) i BRI, 18 75— 50 43 kL Bl 2 A A B
Pt B T EREA L E . E S LA E,
ST 3% 3 A T 4, BP9 BR RS G5 d-a-b-c 003 R

1.500 OE+00

1.000 OE+00

5.000 OE-01

0.000 OE+00

-5.000 OE-01
-1.000 OE+00
-1.500 OE+00
-2.000 OE+00
-2.500 0E+00
-3.000 OE+00
-3.500 OE+00
-4.000 OE+00
-4.500 OE+00
~5.000 OE+00

2.409 9E+00
2.000 0OE+00

(c) 35HE

(d) 45#E

5 tikyF BB
Fig. 5 Displacement in the y-direction of the soil body



%4

RAFM,F 4 £ T RAE RSB A E A L AR XA A 23

& B A L RO I T AR B
ki, IF HECH B 2 o X R TR A A 2 09
R LA T 2 R UR BT A )2 AR A, 7 AR
et i) 57 A% UL T S R S U R T M R
ARA B I i et 1) (885, I EL X b AR A 9t 3l
M/

6 o A 2 J5 B9S2 4% 5, H 6 RT DL, AN [
Ty I7 1AL RS 3 0 L, DARETE A 31 157 P AT ) F AR

(a) 15
eI S S A

(b) 25 Hk

(¢) 3%5HE

RS | A 9 e AR o 057 3% 32 7 22 /0N {HL AR o 15772
P2 30° 0 51 e iy PR 1 AT K . S5y T
1] {52 % 3 19 3 A AT 0, DAL A R A 14 4t B K
VAL IR I I 2 o VA B 80 N i ¢ 52 Y
Ja S AT 51 2 o8 7 SF- 5% T B9 52 0 o AT LA B, A
PR | 2 ) 3 2500 o 2% 52 0 7K 7 B s 8%, B 3
RO - R Y 38 SRR M 2 9 — 20 2 B
SBUKF I LS R

1.190 OE+00
I 1.500 OE+00
7.500 0E-01
5.000 0E-01
2.500 0E-01
0.000 OE+00
-2.500 0E-01
-5.000 0E-01
=7.500 OE-01
~1.000 OE+00
-1.250 OE+00
-1.319 1E+00

(d) 45hE

Bo6 ThxFHEMMAE

Fig. 6 Displacement in the x-direction of the soil body
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Fig. 8 Diagram of pile resistance-penetration depth
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