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Effects of different driving sequences on capacity of pile group 
Les effets de différentes séquences d’enfoncement sur la capacité d’un groupe de pieux
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Jinhuo Zheng — The Institute of Architecture Design and Research of Fujian Province, P.R. China 
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ABSTRACT: Centrifuge modeling has been made to investigate the influence of different sequences of driving piles into saturated 
clayey soil layer on capacity of pile group. Attention was mainly paid to the excess pore pressures induced by driving piles and their 
influence on bearing capacity of a single pile or piles group in the saturated clay. Two typical kinds of tests were conducted where 
model piles were driven one by one in two different sequences either from inside to outside or from outside to inside. It may be drawn 
that high excess pore pressures induced by driving piles can significantly lower the bearing capacity of pile group, and the effects of 
different pile-driving sequences should be properly considered in the evaluation of the capacity of pile group in clayey soil layers.

RÉSUMÉ: Le modelage de centrifuge est fait pour l'investigation de l'influence de différentes séquences de pieux d'enfoncement dans 
la couche de sol argileux saturé sur la capacité d'un groupe de pieux. Attention prêtée surtout aux pressions de pore excessives 
induites par les pieux d'enfoncement et à leur influence sur la capacité portante d'un seul pieu ou d'un groupe de pieux dans l'argile 
saturée. Deux sortes typiques de tests sont mises en oeuvre, dans lesquelles les pieux modèles sont enfoncés un par un en deux diffé 
rentes séquences: l'une, de l'intérieur à l'extérieur; l'autre, de l'extérieur à l'intérieur. On en infère que les pressions de pore hautement 
excessives induites par les pieux d'enfoncement peuvent diminuer d'une manière significative la capacité portante d'un groupe de 
pieux, et que les effets de différentes séquences de pieux d'enfoncement doivent être convenablement considérés dans l'évaluation de 
la capacité d'un groupe de pieux dans la couche de sol argileux.

1 INTRODUCTION

Lateral displacement, heave and high pore pressure occur when 
piles are driven into clay, especially saturated clay, and the 
excess pore water pressure dissipates very slowly. As a result, 
the effective stress in the soil and the strength will decrease, 
which will affect the foundation bearing capacity, and may lead 
to accidents. There has been little research on this issue in 
recent years. This paper presents the results of tests performed 
using the centrifuge technique for driving piles in flight, using 
TH 50 g-t centrifuge at Tsinghua University. The results are 
used to study the built-up, distribution, and dissipation of the 
pore pressure and its influence on the bearing capacity.

2 EXPERIMENTAL WORK

Centrifuge tests were performed at 60 g to represent a 
reasonable prototype. The model piles were made of hollow 
stainless tubes with a closed base, having a length of 245 mm, a 
radius of 10 mm, and side wall 0.5 mm thick. The pore pressure 
transducers, Model PDCR81 made by DRUCK in England, had

a capacity of 3 kg/cm2. The model soil was a clay with a 
specific gravity of 2.7, plastic limit (PL) of 15.15%, and liquid 
limit (LL) of 24.91%. The clay was prepared by preloading 
consolidation.

2 .1 Single pile

The sample box had a length of 40 cm, a width of 35 cm, 
and a height of 50 cm. The model pile was driven in the center 
of the box. The arrangement of the pore pressure transducers is 
shown in Figure 1.

Figure 2 shows the variation of the pore water pressures at 
different locations during the driving of the pile. The pore water 
pressures at a given depth reached the peak value at the same 
time. As the pile is driven, the pore pressure reaches the peak as 
the pile approaches the point where the transducer is located.

The horizontal distribution of the maximum pore pressure is 
shown in Figure 3. The data can be fit by the theoretical 
formula proposed by Hu & Hou (1987). The dash line 
represents a repeated test to verify the experimental result. The 
pore pressure decreases logarithmically with increasing of the 
distance from the pile. The maximum measured value was 99
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Figure 1 Arrangement o f pore pressure transducers (single pile)

955



6200 

Time ( li)
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Figure 2 Pore pressure variation (single pile)

(b) 4.5 m deep

Figure 3 Horizontal distribution o f maximal pore pressure

kPa as a depth of 9.3 m, two diameters from the pile. The 
maximum theoretical pressure, which would be adjacent to the 
pile, would be 153 kPa or 1.55 times the static water pressure.

The dissipation of the excess pore water pressure is shown 
in Figure 4 for a depth of 9.4 m, indicating that the dissipation 
process is the same at a given depth. The pressure falls sharply

Time (h)

(c) 9.3 m deep

Figure 4 Dissipation of excess pore pressure

at the beginning, and then more slowly. The prototype time for 
complete dissipation was about 375days.

2.2 Pile group

A group of piles having 9 piles in a square array was then 
driven into the clay one by one. The distance between two piles
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(a) Transducers arrangement (b) Pore pressure variation (c) Pore pressure variation
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Figure 5 Tests of group pile driving from inside to outside

(e) Pore pressure variation (f) Pore pressure dissipation
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Figure 6 Tests of driving group from outside to inside
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(e) Pore pressure dissipation

was 3 times the diameter. The pile cap was made of organic 
glass with a 2 cm thick. The pore pressure transducers were 
located at 14.1 m and 9.3 m depths, respectively. The piles 
were driven in two sequences: from inside to outside and from 
outside to inside. The first pile was driven for 1 minute, then 
the next was driven after a minute.

Figure 5 shows the pressures for the piles driven from inside 
to outside. Figures 5b, 5c, 5d, and 5e show the pore pressure 
variations at points 3, 5, 6, and 8. The measurements showed 
that the pore pressure variation when driving the first pile was 
similar to that of the single pile. The increase due to driving the 
subsequent piles, however, was less than that due to the first 
pile, since it was a combination of effects. The excess pore 
pressure at point 8, which was located outside the pile group, is 
less than that of the inside location such as point 3. Point 6 was 
between the third pile and the fourth pile, as shown in Figure 
5d, resulting in less pressure due to the fifth pile. This result 
indicated that the fourth pile shielded the fifth pile, leading to 
smaller compaction. At point 5, the pore pressure increase was 
greater as the piles were driven toward this location, and was 
less as the piles were driven away from it, which also verifies 
the shield effect. The data in Figure 5f shows that the 
dissipation process and the stable value were consistent at the 
same depth. However, the dissipation with the pile group was 
faster than that with the single pile. Moreover, the relative 
portion of the load carried by the central pile was the smallest, 
with the largest portion carried by the comer piles.

Figure 6 shows the results when the piles were driven from 
the outside to inside. The transducers arrangement is shown in 
Figure 6a. Figures 6b, 6c, and 6d show the pore pressure 
variations at points 3, 5, and 7. At point 7, the increase of the 
pore pressure increased when piles were driven toward it, and 
decreased when the piles were driven away from it because of 
the shield effect. The excess pore water pressure at point 3, 
which is located at the center of the pile group, was always high 
regardless of which pile was driven, which indicates that the 
soil compaction will be largest at the center of the pile group. 
The dissipation, Figure 6e, is the same as that from the inside to 
the outside. Moreover, the time for complete dissipation is 
independent of the driving sequence. The capacity tests again

show that the relative portion of load carried by the central pile 
is the smallest, with the largest load carried by the edge piles.

3 CONCLUSIONS

Centrifugal tests were carried out with continuous 
measurements of the pore pressure and pile capacity in 
saturated clay. In addition, the dissipation of the excess pore 
pressure and its influence on capacity were studied. Tests were 
repeated to verify the experimental validation. The 
experimental results showed as followings:

1. High pore pressures occurred when driving piles into 
saturated clay. The maximum pore pressure was 55% larger 
than the static pore pressure and dissipated very slowly.

2. The first piles driven into the clay shielded the effect of 
later piles, resulting in less compaction of the soil.

3. The pore pressure inside the pile group is higher than that 
outside, with the largest pressure in the center.

4. The pore pressure when driving piles from inside to outside 
is clearly less than that when driving from outside to inside.
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