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Load testing of a steel pipe pile 13 years after installation 
Essai de charge d’un pieu en acier 13 ans après son installation 

T. Føyn 
Norconsult AS, Norway 

J. L. Rongved 
Sweco Norge AS, Norway 

ABSTRACT 
Minnesund Bridge is part of E6 in eastern Norway and is situated 65 km north of Oslo. The existing bridge is a two lane bridge, with
a length of 532 metres. The bridge was opened for traffic in 1993. 

In connection with the planned expansion of the bridge, from a two lane to a four lane bridge, it was of interest to check whether
the existing foundations have the capacity to carry the increased loads resulting from the expansion. To explore this, it was decided to
perform a load test on a test pile installed in 1992. The test pile was initially load tested in 1992, giving a much lower bearing capacity 
than expected, and thus resulting in a change in the foundation principle of the bridge. The second load test was performed in 2005,
and showed significantly increased capacity. It was, however, concluded that about half the registered bearing capacity was due to a
high end bearing owing to a very firm layer at the pile toe. Nevertheless a considerable long-term set-up is documented. This article 
describes the two load tests, with special emphasis on the 2005 test.  

RÉSUMÉ
Le pont à deux voies de Minnesund, long de 532 m, est un ouvrage d’art de la route E6 dans l’est de la Norvège à 65 km au nord
d’Oslo. Il a été ouvert à la circulation en 1993. 

Afin de le reconstruire à quatre voies il était important de s’assurer que les fondations existantes puissent supporter ce supplément 
de charge. Il a donc été décidé de faire un essai de charge sur un pieu témoin installé en 1992.Ce pieu est un tuyau cylindrique de 23
m rempli de béton sur 20 m à partir du sommet. À cette époque les résultats de l’essai étaient très inférieurs aux prédictions et
conduisirent à une modification des fondations prévues. L’essai récent de 2005, sur le même pieu, a montré, lui, une capacité de
charge beaucoup plus importante. Toutefois il semblerait, et c’est notre conclusion, qu’environ la moitié cette capacité de charge était
dûe à la formation d’une fine couche très résistante au pied du pieu. Cet article rend compte des deux essais, et particulièrement de
celui de 2005. 
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1 INTRODUCTION 

The Minnesund Bridge is an existing two-lane bridge, opened in 
1993, and with a length of 532 m. The foundation principle of 
the bridge is an interaction between the steel pipe piles and the 
pipe caps. The abutments of the bridge have no piles, while the 
seven columns have 72 piles altogether. 

The Norwegian Public Roads Administration (NPRA) plans 
to widen the bridge, from two to four lanes. In 2005, Norconsult 
was engaged to execute a feasibility study of the expansion. The 
primary wish is to be able to widen the bridge, without having 
to alter the foundations. The project leader is Mr. Widar 
Mikkelsen of NPRA. 

During the installation of the piles in 1992, a test pile was 
installed in the southern end of the bridge. The compression test 
performed on the pile the same year, showed only 50 % of the 
expected bearing capacity, and for this reason the foundation 
principle was changed from a pile foundation to a pile-pile cap 
interaction foundation. 

In 2005 a second load testing of the pile was performed. The 
purpose was to find the bearing capacity of the pile, several 
years after installation. One wished to check whether the 
increase in bearing capacity, the set-up, since the first load test 
would be high enough to carry the additional loads resulting 
from the widening of the bridge. This paper presents a short 
description of the 2005 load test, and the ensuing results. 

2 TEST PILE 

2.1 Installation 

The test pile was installed in 1992, in the southern end of the 
bridge. In the fall of 1991, large permanent embankments 
carrying the abutments were built on both side of the lake. 
On the site of the test pile, the original terrain was lifted by 
almost 5 m. To ease the pile installation, the rock 
embankment in the foundation area was removed and 
replaced with sand. 
 The test pile was driven 14 February 1992. The pile is an 
open steel pipe pile, diameter 916 mm with wall thickness 
16 mm. The pile was installed vertically by ramming, to a depth 
of approximately 23 m. After installation, the pile was emptied 
to a depth of approximately 20 m, and filled with concrete. This 
left a plug of soil, approximately 3 m long, in the lower end of 
the pile. Prior to it being filled with concrete, the pile was 
instrumented with strain gauges. The strain gauges were 
installed in depths of 1, 5, 10 and 15 m from the top of the pile. 
The gauge at 10 m depth got damaged prior to the load test, and 
therefore gave no results. 
 As the test pile is not a part of the bridge’s foundation, it 
was cut level with the underside of the pile cap after the load 
testing. 
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2.2 Ground conditions 

The report on the ground conditions (Norwegian Public Roads 
Administration 1991) shows that the ground basically consists 
of a sand moraine, deposited in the sea. It is assumed that the 
sand terraces were deposited up to sea level, and then later 
eroded to the present level. There is reason to believe that the 
ground is preconsolidated to at least 300 kPa. 

Figure 1. CPTU

 Figure 1 shows the results from a CPTU conducted in 1992. 
The CPTU was performed near the test pile, and it shows 
strongly layered ground conditions. Figure 1 shows no 
registrations for the first 10 m. It is assumed this is due to 
predrilling through a coarse top layer. Based on the report on 
the ground conditions, it is assumed that the top 10 m consist 
mainly of friction soil. Below 10 m, Figure 1 shows more 
layered conditions, with layers of clay and silt. 
 As part of the preparations for the test loading of 2005, two 
holes were drilled through the pile for the installation of 
extensometers and earth pressure gauges.  During drilling, soil 
samples were taken from the soil plug in the lower 3 m of the 
pile. The samples consisted of clay and silt, with a content of 
fine sand. The undrained shear strength derived from the 
samples, were found to vary considerably. The sample taken 

from the top of the plug, gave undrained shear strength of 240 
kPa, while further down in the plug, the shear strength was 
measured to a mere 19 kPa. It is assumed that the concrete may 
have influenced the soil at the top of the plug. The results from 
the top sample are therefore believed not to be reliable. 
 The Norwegian Geotechnical Institute performed the 
sampling and laboratory investigations. Figure 2 shows an 
extract of the results from these tests. 

Figure 2. Lower part of pile with soil parameters and the position of the 
earth pressure gauges J1 and J2 

3 LOAD TEST IN 1992 

The Directorate of Public Roads put up the procedure for the 
load test. In 1996 a description of the load test was compiled, as 
a contribution to a pile course (The Directorate of Public Roads 
1996). Two hydraulic jacks applied the load. Two Hottinger 
load cells were used to control the applied load. The vertical 
movement of the pile was measured using two dial bench 
gauges, with 0.1 mm accuracy. In addition to the gauges, the 
vertical movement of the pile, as well as any possible 
movement of the anchor piles was controlled by levelling. 
 The load test was performed on 10 March 1992, a mere 25 
days after installation of the test pile. Prior to the load test, the 
characteristic bearing capacity of the test pile was calculated to 
4300 kN. Of this, the calculated friction was 2050 kN. 
However, the maximum load achieved during the test was only 
2260 kN. The maximum load was achieved at a deformation of 
42 mm. Based on the results from the load test, the 
characteristic bearing capacity was determined at 1700 kN. 

4 LOAD TEST IN 2005 

4.1 General 

After the load test of 1992, the test pile was cut approximately 
level with the underside of the pile cap. The top of the other 
piles were cut 500 mm higher and were cast in the pile cap. 
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 To free the test pile for the 2005 test, the centre of the pile 
was determined from its coordinates. A vertical cylinder was 
then cut out of the pile cap above the pile by core drilling small 
holes in a circle. See Figure 3. The cut was done down to 
approximately 200 mm below the pile cap. Soil and bore dust 
was removed from the cut by means of a sludge extractor, in 
order to get a clean, frictionless cut. 

  Figure 3. The pile cap with the cut above the test pile in 2005

A system of steel beams above the pile ensured the load 
transfer between the jack and the anchoring. 12 steel rods 
cemented into predrilled holes in the foundation ensured the 
anchoring. 

4.2 Instrumentation and applied loads 

The pile was instrumented using 4 extensometers (E1-E4) and 
two earth pressure gauges (J1-J2). The Norwegian Geotechnical 
Institute performed the installation of both extensometers and 
pressure gauges. Core drilling equipment was used to drill 
through the concrete of the pile, and the instruments were then 
installed in these pre-drilled holes. 
 The extensometers were installed at depths 3.08 m, 6.38 m, 
8.88 m and 13.88 m under the top of the pile cap. The cap is 
2.5 m high. 
 The earth pressure gauges were installed through the holes 
in the concrete, and a drill rig was used to push the pressure 
gauges into the soil plug in the bottom of the pile. Gauge J2 was 
installed approximately centre between the lower edge of the 
concrete and the lower edge of the pile. Gauge J1 was intended 
to be installed level with the lower edge of the pipe pile, but 
ended up being placed approximately 250 mm lower. 
 A hydraulic jack, with a capacity of 7000-8000 kN was used 
to apply the load. The jack’s cylinder had a length of 100 mm. 
A load cell was placed above the jack, to register the load. 
Above the load cell, a spherical bearing ensured centric transfer 
of load to the pile. 
 Two dial bench gauges were used to measure the 
deformation of the pile top. These gauges had an accuracy of 
1/100 mm. The gauges were placed on opposite sides of the 
pile, to ensure two independent readings. 
 The height of the foundation as well as the height of the 
measuring beam was controlled by levelling. The water level in 
the lake and the water level in the cut between the pile and the 
pile cap were also controlled.  

4.3 Execution 

The load test was performed on 19 September 2005. 
 The test was split into 5 phases; phase A-E. The relieving of 
the load to zero marks the end of each phase. For phase A, it 
was chosen to relieve the load at 3600 kN. For phases B-E, the 
length of the jack’s piston determined the end of each phase. 

 At each load step the bench dial gauges were read 
immediately. The earth pressure gauges were read at 
predetermined intervals (generally 1, 3, 5, 10 and 15 minutes for  
applied load, and 1, 3 and 5 minutes for relieved load). 
 The full load was not maintained at the different load steps, 
hence the load dropped somewhat at each step during the 
reading of the instruments. 
 The maximum load achieved during the test was 6240 kN. 

5 RESULTS AND CONCLUSIONS 

Figure 4 shows the load-deformation diagram for the 2005 load 
test. 

Figure  4. Load-deformation for the 2005 load test 

The maximum load was achieved at approximately 87 mm 
deformation of the pile top. By using the “90 % rule” from the 
Norwegian Pile Guide (Norwegian Geotechnical Association 
2005), the characteristic bearing capacity of the pile is found to 
be 6000 kN. This is about 2000 kN higher than calculated 
according to the Pile guide. Based on results from the earth 
pressure gauges, it is believed that most of this “too high” 
capacity is due to a very high end bearing at the start of the test. 
 Results from the extensometers and the earth pressure 
gauges were used to calculate the strain distribution along the 
pile at maximum load. The hope was that this would give an 
approximation of how much of the applied load was end 
bearing. However, the calculated strain distribution based on the 
extensometers was so unlikely that we had no trust in it, and 
hence the result is disregarded in the interpretation of the 
calculations based on the Pile guide. 

Figure 5 shows the results from the earth pressure gauges, 
plotted against the applied load during the test. 

Prior to the load test, the lowest pressure gauge, J1, showed 
a very high pressure compared to pressure gauge J2. After the 
maximum load had been applied, the pressure in J1 dropped to 
approach the pressure reading of J2. The reason for this is 
believed to be due to the layering of the soil at the pile tip. It is 
assumed that the pressure of J1 is affected by a very firm layer. 
Furthermore, it is believed that J1 penetrates the firm layer 
approximately at the time the applied pile load reaches its 
maximum, and that this is the reason why of J1 readings 
dropping towards a more “normal” value. 
 Based on the Pile guide, the calculated characteristic 
bearing capacity for the pile is 4100 kN. This is taking into 
consideration that 13 years has passed since installation.  
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Figure 5. Deformation vs. pressure from earth pressure gauges  

The load from the bridge was also considered in the 
calculations, as the terrain loads result in an increased side 
friction in the frictional soil.

The final conclusion was that a thin, very firm layer at the 
pile tip resulted in a very high end bearing for the pile, which in 
turn gave the unexpected high bearing capacity found during the 
second load test. At least 3000 kN, or half of the registered 
bearing capacity, is assumed to result from end bearing. 

6 POSSIBLE APPLICATIONS OF THE TEST RESULTS 

When interpreting the load test, several aspects were revealed 
that make the test results not directly transferable to the 
foundation piles. These aspects can be summarised in 3 
points: 

1. A high level of land fill in the area of the test pile 
gives higher soil stresses in this area than for the rest 
of the foundations. A higher stress level in the ground 
will lead to higher bearing capacity in the frictional 
soils.

2. The variations in ground conditions complicate the 
interpretation of the test results. 

3. The foundation piles are approximately 10 m longer 
than the test pile. The extensometer readings were 
meant to give the basis for calculation of the skin 
friction along the pile, thus giving the skin friction of 
the longer piles. However, the extensometer readings 
are disregarded, as the results gave a disproportionate 
large friction along the top of the pile. 
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