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calibration chamber with sand

SONG Yue' 2, GU Xiaogiang" %, HU Jing" 2, ZHENG Xing’
(1. Department of Geotechnical Engineering, Tongji University, Shanghai 200092, China; 2. Key Laboratory of Geotechnical and

Underground Engineering of the Ministry of Education, Tongji University, Shanghai 200092, China; 3. Power China Huadong Engineering

Corporation Limited, Hangzhou 310014, China)

Abstract: The cone penetration test, considered one of the most crucial in-situ testing methods in geotechnical engineering, is
unable to directly measure soil parameters. Generally, the empirical relationship between the penetration resistance and the soil
parameters is established through tests or numerical simulations. In this research, a coupled numerical approach of the discrete
element method (DEM) and the finite difference method (FDM) is employed to simulate the entire cone penetration test process
within a calibration chamber and unveil the mechanisms that influence the penetration resistance. Firstly, the microscopic
parameters of the sand are calibrated based on its macroscopic behaviors. Additionally, the effects of calibration chamber size,
sand density and confining stress on the penetration resistance are thoroughly analyzed. Finally, a relationship is established
between the normalized penetration resistance Q and the peak internal friction angle gpeak. The findings indicate that the size
effects in the simulation become negligible when the continuous-discrete model size ratio Rar reaches 0.67 and the normalized
radial length Ry of the calibration chamber is set at 20. Furthermore, the simulated penetration resistance closely matches the
results obtained by the cavity expansion methods, confirming the reliability of the numerical simulation. An exponential
relationship is observed between Q and @pex, Which closely aligns with the in-situ test results. This further validates the
accuracy of the coupled simulation method. These outcomes offer valuable insights for establishing empirical relationships

between the cone penetration resistance in sand and the soil parameters in geotechnical engineering.
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25 6 3 x® K,

5. WL RS 1Y) DEM-FDM A5 & BUE AL 7T 1251

1.2 WREEMETRSHEIRE

AW F T IS H #2 (Fontainebleau) b = #liHE
KRS [ R g AR h 2 2N AT S H bR e o 1D BTk
AT 2R anE 2 P, = s o BEl b b 1 1
R 550 — 2, FrR ORI~ RIAZ Dso A 0.2 mm,
A RE Cu R 1.56. fEbRE RIS, 45 B
JiR 2 E A= S X e P A, T 2 S ECRTR B = B K,
PR PRSI, DR R T REAR O (BOK 35
5 A RUORL, e R R, TR R T BRI
PR, AP, RARBORIEA AL AR
DAV

100 %
/
Iﬂ
°\\° 80+ .
3 !
i i
Wﬂg 60 ¢
x 35

% ~
&0} !
l ]
[ .
e 1 —— SHTIRR

i = o« ZRADTYTREAL

0 J Il o" 1 - 17ZI—(lﬁﬂﬁju I
0.1 1 10 100 1000
BURRL 2 /mm

2 R BE AR TR - RR R BC 2%
Fig. 2 Experimental and simulated grain-size distribution curves

1 B AT BT = 106 T B K FLER LE emax A1
B /NLBREE emin O ZE 5 W18, PRIMARHIT 703 T AH F) /)
FEO 85 S Dy SR 7 b UK HE Al T 2 8, PRAE S
BT SRR 77 2R AR ALl B A BRER
LRNEPURE SR, 2R AT A R BURE AR
SAMARO0L, R fl s R 3 BB R I E R ko WIFZLE
o BEYEZE u APURE BN 28 e 47 BGRRERORL )
XPAFEREAN 10 kPa BA5 [T R 77, 120 A o i i 1
BEEEVERA o MPUREBNREL o AN S L AR
FEo JEW, EEEERE u NPT RE 09 0 B,
A E AR RN LR L emino 4 BEHE R 1 ANHTHE BN
FH e BB iR FI A0 2R 80 FLBR s B K
FLBREE emar ASIKBEI S emin 1 emax 173514 0.551,
0.874.

DRI 5 R BEHR R e AP Bh K g B
A BTN PR A IR, B 3R AT [ 45 A0 =l HEK BY
DIREAD, o 3 3 T R e R 5 i A 7R 2 5 AN T (A
RIS 45 AT . 1B 3 N REFERIX B LT Dy
9 70%H1 4 100 kPa iy = HiASIURT S8 POT0T L 45
R RN HUARBL T g~ AR 2k e MR RIAE &~
FhIEI VAL 6o HHEZGAT LA Y, BLEE RS 0R 45 R B A
B FUPE . 758 R O R BB 5 5

mE 1 P,
=1 DT ERIEMERS K

Table 1 Microscopic contact parameters of sand
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Table 4 Parameters of Mohr-Coulomb model for simulating

triaxial test results

D/ po/ Qpeak/ E/ v Wpeak/  Ppeak/
% kPa kPa MPa ) ()
10 100 205 20.3 0.23 39 304
40 100 224 36.3 0.25 6.1 31.9
70 100 311 56.5 0.25 18.1 365
10 200 405 21.2 0.24 5.1 30.2
40 200 448 38.4 0.26 48 319
70 200 580 56.7 0.25 16.8 363
10 400 801 26.3 0.21 29  30.1
40 400 874 40.1 0.27 59 315
70 400 1132 563 0.25 16.1 359
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Fig. 11 Comparison between DEM simulation and analytical

solution
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Fig. 12 Theoretical and numerical solutions of radial stress
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Fig. 13 Relationships between normalized cone-tip resistance Q

and peak internal friction angle @peak
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