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Summary: Methods that have been used in determining the bearing capacity of piles are

not entirely reliable given the variability of the parameters involved. Most of the

methods used are based on theoretical models of the lowest reliability degree. Pile

loading tests give a more realistic idea of the pile behaviour under load. In addition,

ultimate bearing capacity obtained by pile loading test may be used to calculate the

allowable loading intensity at a reasonable factor of safety.
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1. INTRODUCTION

Determining bearing capacity of a pile is a complex geotechnical task. Which method
should be used will depend on many factors, such as reliability of the resulting soil
mechanical properties, type of pile, pile performance, and the like. The only methods
commonly used in this country are based on theoretical principles, though the current
code of practice and standards concerning foundation of engineering structures (Off.
Gaz. SFRJ No. 15/1990) [1] allow of pile loading in the axial direction to be determined
and proved at least by two of the given five known methods:

1. Formulae for the soil strength mobility degree
The allowable pile loading, by this method, is estimated using relations for the known
soil shear strength parameters (¢ and c) from lab soil tests.

2. Formulae for the soil strength recorded during the pile penetration test
This method uses dynamic relations, based on the free-falling body collision theory,
which requires knowledge of the soil resistance (the number of blows) during pile
driving.

3. Formulae using penetration probing data
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Application of this method requires knowledge of the soil resistance to the probe
penetration, or a static penetration test.

4. Pile loading test
This method uses formulae for the known pile loading and settlement relation from the
pile loading test.

5. Estimate of the capacity of pile empirically learned from piling data in similar
soils.
Theoretical models have demonstrated in practice significant unreliability owing to the
variability of parameters and the resulting effects, primarily the bearing capacity factor
and soil strength parameters; difference between the predicted and the actual bearing
capacities of piles exceed 50% [2]. In difference to the mentioned methods, the bearing
capacity of piles determined from the pile loading test data gives a much more realistic
idea of the loaded pile behaviour. For this reason, most foreign standards (ASTM D
1143-81, DIN 1054-100) and codes of practice, including EN 1997 (EC 7), require pile
loading tests for calculation of the bearing capacity of piles [3]. Selection of the right
combination of the pile diameter, length and number and the achieved bearing capacity
will give optimum engineering and financial foundation of a structure.
All the above stated will be supported by a case example to indicate differences between
the theory-based and the static bearing test-based determinations of the bearing capacity
of piles.

2. DETERMINING BEARING CAPACITY OF PILES

Differences in the estimates of the bearing capacity of pile between empirical methods
and the pile loading test will be enlightened by the example of two test piles in one site
of Kostolac [4].
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Figure 1. Locations of piles S-5 and S-35
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According to the common practice of estimating the bearing capacity of piles, first were
applied the methods based on theoretical models developed using geotechnical
investigation data. The allowable bearing capacity of piles was

Py =3000 kN

for which designers selected the number and distribution of piles under the foundation.
In contrast to the common practice in this country, the Employer followed the regulation
of checking the bearing capacity of piles by loading tests.

3. PILE LOADING TEST

The test piles were two (S-5 and S-35 in Fig. 1) RC bored piles 1000 mm in diameter, 14
m long.

The test piles were (under the investigation programme) to be loaded to the maximum
force (P) 50% higher than the calculated maximum force in the pile. These forces were
P, = 1.5x 2600 = 3900 kN for pile S-5 and P, = 1.5 x 2900 = 4350 kN for pile S-35.

A system of weights (concrete blocks) and a hydraulic press were used to apply the test
pressure. The pressure in the system of loading was maintained constant through the pile
test.

The quantities measured during the test were: force acting onto the pile, pile head
settlement and time of soil consolidation. Pile head settlements were measured in two
ways, by comparators and by survey rod.
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Figure 2. Settlement of test pile S-5
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Behaviour of both piles during the test was usual — the incremental settlement with the
increasing pressure was within the expected and allowable range.

This behaviour continued up to Py = 3000 kN, the allowable bearing capacity of the
piles.

A new pressure increment to 3250 kN resulted in greater incremental settlement of both
piles, which could not consolidate. It was a sign that test piles entered the state of soil
breaking, so the test was discontinued.

4. INTERPRETATION OF TEST RESULTS

Gauged values of the forces applied and the head settlements of piles S-5 (Fig. 2) and S-
35 (Fig. 3) during the pile loading test indicated likely failure of the piles and the ground
around them. For an additional analysis of the occurrence, the ultimate bearing capacity
of the piles was estimated via extrapolation of the measured settlement and force by
three methods:

(A) Mazurkiewicz (1972) hyperbolic extrapolation,

(B) Van der Veen (1953) expotential extrapolation, and

(C) Hyperbolic approximation.
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Figure 3. Settlement of test pile S-35
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A. Ultimate bearing capacity of piles by the method of Mazurkiewicz

Analytical values of the ultimate bearing capacity of piles are:
—  Pgr=3290 kN for AB pile 5
—  Pgr=3270 kN for AB pile 35

B. Ultimate bearing capacity of piles by the method of Van der Veen

Analysed values of the ultimate bearing capacity of piles are:
— Pgr=3254 kN for AB pile 5
— Pgr=3252 kN for AB pile 35.

C. Ultimate bearing capacity of piles by the hyperbolic extrapolation method:
— Pgr=3836 kN for AB pile 5
— Pgr=3831kN for AB pile 35.

For the ultimate bearing capacity (Pf) of the test piles, the arithmetic mean was taken of
the results obtained by the above three methods as given in Table 1.

—  Pgr=3460 kN for AB pile 5 and

— Pgr=3451 kN for AB pile 35.

Table 1. Bearing capacities by pile test

: Method of estimate (kN) Ultimate Max. .
Test Pl-le Mazurkiewicz- | Van der | Hyperbolic | bearing calcul Pile
pile Dia. a e Vegn-a ' a yr;f)rxim capacity force P settlement
(mm) PP ’ (kN) (kN) (mm)
S-5 | 1000 3290 3254 3836 3460 2600 4.1
S-35 | 1000 3270 3252 3831 3451 2900 10.1

S. CONCLUSION

The described example shows how differences in the bearing capacity of piles between
the estimates on theoretical models and on the pile loading test data may easily exceed
even 100%. An estimate of the bearing capacity of a pile by load test approximates far
closer the pile behaviour under load, whereas the estimates based on theoretical models
should be taken only for the values predicted.

On the basis of the above stated we may conclude that the best way of determining the
bearing capacity and settlement of a pile is provided by the static loading test. Test-based
data allow the use and adjustment of the related theoretical models in estimates of the
allowable loading and settlement of piles, and the application of a lower safety factor.
Selection of an optimum combination of diameter, length and number of piles and the
achieved bearing capacities of piles will give the best, engineering and financial, model
of a structure foundation.
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PA3JIUKE Y OAPEBUBAIBY HOCHUBOCTH HINUITIOBA

Pesume: Ceu npumersusanu noCmynyu 00pedjusarba HOCUBOCMU WUR08A HOCE CA COBOM
oopelienu cmenen Henoy30aHocmu 063UpoOM HA NPOMEHBUBOCH napamemapa Koju
ymuuy Ha pesyamame. Beliuna memooa ce 3aHU8Ajy HA MEOPUCKUM peuterumd, Koja
umajy Hajeehiu cmenen Henoyzoanocmu. HMcnumuearoa HOCUBOCU WUNOBA NPOOHUM
onmepeherwem 0ajy 0aneko HaAjpeanHujy CiuKy 0 NOHAWARLY WUNOBA NOO 0ejCmEOM
onmepehemwa. Taxohe, osaxo 0obOujena epanuyna Hocusocm omozyhasa npopavyH
00380/meH02 onmepehierba ca payuoHaTHUujuM GAaKmopom CUeypHoCmu.

Kawyune peuu: [llunosu, Hocusocm wunosa, meopujcko peuierse, npooHo onmepelkierbe
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