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Development and performance testing of in-flight miniature CPTu
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Abstract: The piezocone penetration test (CPTu) is an important in-situ soil testing method widely used in conventional 1g
condition in engineering practices. Due to the highly scaled model ground, high centrifugal acceleration and rotation-induced
vibration during centrifuge model tests, the in-flight testing of CPTu in model ground remains a challenging task. A miniature
CPTu equipment is developed in Zhejiang University based on ZJU-400 centrifuge apparatus, which is capable of moving
horizontally to locate the penetration spot, and then measuring the cone tip resistance, sleeve friction resistance and pore water
pressure during penetration under centrifugal hypergravity condition. The testing performance of this CPTu equipment is
preliminarily checked by the centrifugal model tests on saturated sandy soils under centrifugal acceleration of 30g, and the
depth variation of penetration parameters are observed and analyzed.
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Fig. 1 In-flight miniature CPTu on ZJU-400 centrifuge
1.1 CPTui#Rsk
CPTu ¥Rk E MO, A% EEE
JITUAA AR R BERH RS 530 580 L S A5 2 A4 i
RORLAR RS S5 52 PR 2R 2t b, R T a0 P 2 Fow
() CPTu ¥k, #HAFEAE 12 mm, RITKE 500 mm,

HESLIIHEM N 60° , BEZITAN 113 mm?s RN
BT AN A, WA 1 AT EEEE R, T
DM EAE Sk kB 7s W 7751 2 67 F BE R 1Y
Je i, FH 00 B BE 7 A R SR L o BEBE
ZA, DR, AN g e ZE RO EERE g .
ANTFTEE R 4 DNKEFRAT BRI RS ARk, LA rEIE
P00 7 SO R S F Y, DAV RIS R Lo
SO, (R SR AR B AN i R M

FURTH A BIEHELEH, i ek i [ e A B
Ubah, mEROE B BEER, B massEN 1A,
I H AU BRI A 5 LRV Z MIA B3, #afR
I8 SR R AR o AR 4k o FR RO A 38 33 K
P g AL A BB K DE RS 2 B AT HE R

AR A PRI A SRR T IR AR AT 1X, - i (KL s
P ARG » L R T B A Rl R4z [ HE A A F
HIE /K IR A 5y BE A7 b 28

$12

@3&@%
\ W 112

O =

48

WAtk
+ Vi =

37

—— LA

BKER
%

I

& 2 CPTu R LG EE
Fig. 2 Schematic of cone structure of CPTu
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Fig. 3 Motion control and data acquisition system for CPTu
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Fig. 4 Grain-size distribution curves of test soils
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Table 1 Physical and mechanical properties of Fujian sand

S Gs emax emin Dso/mm Dso/mm Dio/mm Cu Ce ol(° )
1B 2.622 0.943 0.6 0.16 0.14 0.1 1.6 0.96 39
=2 U TYELEMR
Table 2 Physical and mechanical properties of Xiaoshan clay
ZH Gs W% e wo/% wL/% Io/% I ca/kPa  @ul(° ) St
B 2.734 60~65  1.72~1.74 26.5 53.0 26.5 1.6 15.5 15 13.7~15
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Fig. 5 Layout of model
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Fig. 6 Schematic of pore pressure around cone tip
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Fig. 7 Test data of CPTu
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Fig. 8 Test data of CPTu
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Fig. 9 Normalized cone tip resistances of CPTu tests
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