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Abstract: One of the most popular types of foundations in layered subsoil with very differenti-
ated soil shear strengths are precast piles. One of the reasons is the fact that we can well control
the driving process during the installation of these piles. The principles of the assessment of
bearing capacity and settlements of the piles given by Eurocode 7, concentrate on two main
methods, i.e., Static Pile Load Tests (SPLT) and Dynamic Driving Analysis (PDA). However, the
evaluation of real load-settlement curve for piles being driven in layered subsoil, where non-
cohesive and cohesive soils occur alternately, is neither easy nor straightforward. In the paper, the
results of both SPLT and PDA tests for objects on the highways in Poland are presented. Field in-
vestigations carried out at various time points since the installation of piles (from 7 to 90 days)
revealed an increase of bearing capacity with time. The reason for this may be a change of the soil
state near the piles due to their driving (displacement of piles) as well as a change of microstruc-
ture at the contact between soil and pile shaft. The results of load tests were referred to the geo-
technical parameters of the subsoil, which was recognized by means of traditional borings and
CPTU tests. The results of tests allow phenomena occurring with time to be assessed and bearing
capacity of precast piles to be predicted.

1. INTRODUCTION

Foundation of any of the engineering structures is currently often facing the prob-
lem of complex geotechnical conditions. It is often found that in the subsoil designated
for foundation of new objects one can meet weak soils with low shear strength and
high compressibility, below which are soils with much higher bearing capacity (me-
dium dense or dense sands or cohesive soils).

Technically and economically justified design regarding complex soil conditions
should fully incorporate natural, in situ geotechnical parameters.

The ideal of design and installation of piles should lead to the improvement of
transmission of loads into the subsoil. One of the factors that is frequently neglected is
the influence of time on the bearing capacity of deep foundations. The analysis of this
problem can be found elsewhere (Gwizdała [2], Cichy et al. [4], Kumor and Szpakow-
ski [5], Zadroga [6], Skov and Svinkin [8]).

In the paper, the investigation results of the time-dependence of bearing capacity
of piles in layered subsoil consisting of weak and strong soils are presented. The in-
vestigations were based on static (SPLT) and dynamic (PDA) load tests.
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2. INFLUENCE OF TIME ON BEARING CAPACITY
OF PILE FOUNDATION

One of the design methods proposed in Eurocode 7, is observational method. In
Poland, the method is usually applied to long, continuous structures. Observational
method was used, for example, in designing the quay in Gdynia, trestle bridge in
Gdańsk, and a bridge in Kwidzyń. The main advantage of the observational method is
the possibility of modifying original construction solutions during its foundation,
based on the analyses of the response of already existing sectors. This method was
also applied to deep foundations based on the observed increase of bearing capacity of
piles with time as compared to initial values.

This observation contributed to the optimal design of driven precast reinforced
concrete piles. The assessment of pile bearing capacities changes with time was
based on static and dynamic load tests. Some comparative examples are presented in
Figs. 1–10.

First columns in Figs. 1, 2, 5 and 9 correspond to calculated bearing capacity Nt in-
cluding negative friction acting over the pile shaft. Bearing capacities were calculated
based on analytical solutions, according to (Gwizdała [2, [3) and PN-83/B-02482.
Subsequent columns presented in the diagrams correspond to bearing capacities of
piles after some period of time. These values were determined based on static and
dynamic load tests.

Fig. 1. Increase of bearing capacities with time for precast pile

For the majority of piles their bearing capacities were higher than designed values.
For part of supports there is some bearing capacity margin. The increase of bearing
capacity with time can be predicted according to the following relationship, (Gwizdała
[2], Skov and Svinkin [8]):
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where:
Qt – bearing capacity of pile after time t,
Q0 – bearing capacity of pile after time t0,
t0 – time given in the form of an empirical coefficient, for sands t0 = 0.5, for

cohesive soils t0 = 1.0,
A – empirical coefficient, for sands A = 0.2, for cohesive soils A = 0.6.
Due to empirical origin of the above relationship it should be applied rather care-

fully since the process of bearing capacity change in various soil conditions can run in
different ways.

2.1. NON-COHESIVE SOIL

Soil conditions were determined based on standard geotechnical investigations
and CPTs. The structures were classified to the second geotechnical category.

Q, kN

Fig. 2. Increase of bearing capacity for pile in support No. 27L
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Existing soil conditions have excluded shallow foundations. The uppermost layer is
built of 0.6 m thick backfill. Below, organic soils represented by peat and mud can
be found. Organic soils with the consistency index IC = 0.50–0.20 and CPT cone
resistance qc = 1–3 MPa occur to the depth of 10–15 m. Underneath, medium dense
and dense fine sands are found (ID = 0.55–0.72 and qc = 10–25 MPa). The level of
water table corresponds to the surface level. Typical geotechnical profile of the site
discussed is shown in Fig. 4a.

A comparison of real bearing capacity gain and its increase predicted by equa-
tion (1) was presented in Fig. 4b.

Fig. 3. Q-s curves for pile No. 27L based on static and dynamic load tests

Note:
k⋅N0

c,  according to
PN-83/B-02482 [11]
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a) 

b) 

Fig. 4. Geotechnical profile (a) and comparison of measured and predicted increase
of bearing capacity for pile No. 27L (b)
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Q, kN

Fig. 5. Increase of bearing capacity with time for pile in support No. 31L

 

Fig. 6. Q-s curves for pile No. 31L based on static and dynamic load tests

Note:
k⋅N0

c,  according to
PN-83/B-02482
     (Gwizdała, 1997)
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a) 

b) 

Fig. 7. Geotechnical profile (a) and comparison of measured and predicted increase
of bearing capacity for pile No. 31L (b)
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For soil conditions analysed average increase of bearing capacity with time was
estimated at 60%, after 45 days, on average. For the whole construction, the gain var-
ied from 20% to 85%. Breaks caused by load tests lasted from 7 to 85 days.

2.2. COHESIVE SOIL

Geological structure of a subsoil for another object is also complex. The surface layer
consists of construction backfill 3.7 m thick. The upper backfill layer is built of sand,
whereas lower one of clay. The backfill is founded on organic soils, i.e., peat, mud and
gyttja. The thickness of this layer varies from 3 to 8 m. Below organic soils, sandy clays
and clayey sands of low to high plasticity were found. For the pile analysed consistency
index IC = 0.75–0.65. Water table occurs 1 to 2 m below the surface.

Fig. 8. Geotechnical profile and Q-s curves for pile in 03S support, based on static and dynamic tests

Note:
k⋅N0

c,  according to
PN-83/B-02482 [11]
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Q, kN
 

Fig. 9. Increase of bearing capacity with tine for pile in 03S support

Fig. 10. Comparison of measured and predicted increase of bearing capacity
for pile in support 03S

3. SUMMARY

Current technologies of pile installation together with calculation methods allow
for rational, economical design with full incorporation of natural geotechnical condi-
tions of the subsoil.

Taking into account the design principles given in Eurocode 7, including observa-
tional method, geotechnical engineer should aim at implementation of effective solu-
tions for given geotechnical conditions and designed construction.
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Reliable assessment of bearing capacity should particularly include such soil pa-
rameters as pore water pressure, effective vertical and horizontal stresses, coefficient
of earth pressure at rest, density of non-cohesive soils and undrained shear strength of
cohesive soils. These parameters have significant influence on the increase of bearing
capacity of piles with time.
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