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Centrifuge modeling of jacked pile in clay

LI Yu-nong"®  Barry M Lehane”  LIU Qing-bing”

1) College of Civil Engineering & Mechanics Yanshan University Qinhuangdao 066004 China
2) School of Civil and Resource Engineering University of Western Australia Perth 6009  Australia
3) Three Gorges Research Center China University of Geosciences Wuhan 430074 China

B Corresponding author E-mail: liyunongren@ 163. com

ABSTRACT Notable contributions to our improved understanding of jacked pile behavior in sand have been achieved through instru—
mented model pile tests in laboratory test chambers at elevated g-evels in the centrifuge and in the field. In recent years research
focusing on pile behavior in clay has declined. Consequently predictive methods for pile capacity have not advanced beyond those pro—
vided in American Petroleum Institute ( APT 2000) recommendations which were based on research conducted in the early 1980s. This
paper re-focuses attention on the shaft capacity of jacked piles in clay. Three centrifuge scale pile tests were performed in kaolin clay in
the drum centrifuge at the University of Western Australia. The tests were performed in pre-consolidated blocks of kaolin and were
subsequently spun in the centrifuge at three different gdevels of 50g 125g and 250g respectively. The piles were equipped with total
pressure sensors located at different depths and were installed by jacking into samples of reconstituted kaolin clay. The kaolin clay sam—
ples were prepared to measure the range of the cone penetration test end resistance ( ¢,) undrained strengths (s, ,..) and overconsol—
idation ratios ( OCRs) . These pile tests were used to investigate the lateral stress changes ( o,) developed along the pile shafts during
pile installation and equalization. In addition the change in the value of lateral stress ( Ac,) and the changes in pile shaft resistance
during the pile tension test were discussed. The characteristics of the jacked pile in the clay with different over-consolidation ratios
( OCRs) were revealed. Furthermore the centrifuge data were subsequently used to examine the current design methods for the evalua—

tion of the shaft capacity of displacement piles in clay. The centrifuge test results show that during the pile penetration a strong de—
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pendence of lateral stress on the relative depth of the pile tip ( 7/B) develops and the total radial stress as measured in a particular
soil horizon is observed to decrease as the relative depth of the pile tip ( A/B) increases ( where h is the height of the sensor above the
pile tip and B is the diameter of the pile) . Based on the cone penetration test during the investigation it is observed that the lateral
stress developed on a displacement pile is strongly depended on the cone penetration test end resistance ( ¢,) and the relative depth of
the pile tip ( h/B) . Tt is shown that the empirical method allowing for a dependence of shaft friction on ¢, and h provides good esti—
mates of the shaft capacities measured in centrifuge experiments. The research results have certain theoretical and engineering signifi—
cance for pile construction and bearing capacity design in the soft soil region.
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Table 1 Parameters of Kaolin clay in tests
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Fig.3 Instrumented model pile ( unit: mm) :
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Fig.6 CPT profiles in different g-devels 10
7 50g (a) (b)

Fig.7 Lateral total stresses (a) and normalized lateral total stresses ( b) during pile installation at 50g
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Fig.8 Lateral total stresses ( a) and normalized lateral total stresses ( b) during pile installation at 125¢
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Fig.9 Lateral total stresses ( a) and normalized lateral total stresses ( b) during pile installation at 250g
10 (a) 50g; (b) 125g: (c) 250
Fig.10 Normalised lateral total stress variations during equalisation at different gdevels: (a) 50g; (b) 125g; (¢) 250g
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11 . (a) 50g; (b) 125g; (c) 250g
Fig.11 Lateral total stress variations during loading at different g-devels: (a) 50g; (b) 125g; (c¢) 250g
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Table 2 Tension capacity predictions for drum centrifuge test pile

Q./Qn
50g 125¢ 250g i s COV
API2000 0.84 1.23 1.31 1.12 0.25 0.22
(4 109 1.25 1.15 116 0.08  0.07
(5) 0.99 1.24 1.16 1.13 0.13 0.12
S e SuThar ( 4)
3
12 CPT2013
Fig.12 Profile of ¢, at different gJevels in tension test COV API2000 45% ~68%
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