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Finnish experiences from superstructures supported directly on steel piles 
Les constructions qui a fonde directements sur les pieus en acier, les experiences finlandaises
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ABSTRACT: Some superstructures, such as bridges and buildings, can be supported directly on piles instead of building a separate 
footing. In Finland, railway underpasses have been implemented by an extremely economical construction method: the bridge deck 
has been supported on large-diameter driven or drilled steel pipe piles without any other foundation structures. Respectively, detached 
houses and summer cottages have been constructed directly onto steel micropiles which have been installed either by impact driving 
or by drilling.

RÉSUMÉ: En Finland il y a plusieurs exemples pour les constructions qui a fonder sur les pieus sans les séparés elements des
footings. Par example, la tablier d’un pont et le plancher de maison

1 BACKGROUND

The advantages of the new pile foundations are short duration of 
installation stages, cost savings in the form of fewer required 
structures, and the fact that the piles can be driven even into 
frozen ground in winter. Directly supported superstructures have 
been used with soil conditions varying from very soft clays to 
sands, dense glacial tills and solid granite bedrock (Fig.l).

2 FOUNDATION TECHNIQUE OF RAILWAY BRIDGES

In Finland, the use of driven steel pipe piles in bridge 
construction began on a larger scale in the mid-1980s. As a 
result of the experiences from their use and the directives of the
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Figure 1. Principal drawings o f  an railway underpass and a detached

house.

individuelle qui est fait reposer directement sur les tubes en acier.

Finnish National Road Administration [FINNRA](1989, 1993 
and 1999), they are now widely used for bridge foundations. The 
behavior of the steel pipe pile as a foundation of a non-abutment 
bridges and the lateral capacity of a steel pipe pile is studied 
widely in Tampere University of Technology in Finland. 
Purpose of these projects were to create a dimensioning 
procedure which takes into consideration the safety 
requirements, material parameters and suitable calculation 
methods as the lateral stiffness of a steel pipe pile is determined 
and to create a design bases for the use of steel pipe piles as a 
pile of non-abutment railroad bridges.

Large-diameter drilled steel pipe piles started to gain ground 
in bridge construction from 1996 on: about ten bridge projects 
have been implemented with them since. FINNRA and the 
Finnish State Railways are presently preparing guidelines for the 
design and installation of drilled piles.

Especially in railway construction, the speed at which various 
phases of foundation work are performed - which has a direct 
impact on the length of traffic interruptions - has become the 
decisive factor in the selection of foundation type. Consequently, 
railway bridges are usually built on pipe piles also when soil 
conditions provide high bearing capacity. The practice of 
building the bridge deck beside the tracks and transferring it later 
into its final position has facilitated the development of highly 
advanced transfer techniques. The steel pipe piles of the finished 
bridge structure may then also be utilized to complement the 
structures of the transfer track.

3 DEVELOPMENT OF FULLY VENTILATED 
FOUNDATIONS OF DETACHED HOUSES

Finnish log houses and summer cottages have traditionally been 
founded on stone columns with a crawl space under the base 
floor. An alternative to this old well-functioning founding 
method is to replace the shallow-founded stone columns with 
steel micropiles. Driven or drilled piles extend approximately 0.5 
-  0.8 meters above ground level, and the superstructure - log 
frame, beam framework of the base floor, or an entire 
prefabricated building - is attached directly onto the piles. The 
open space between the ground and the base floor structures 
forms a fully ventilated crawl space. The pile shafts function as a 
footing and a supporting column of the superstructure while also 
eliminating the need for a separate cast-in-situ footing and 
plinth.
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Figure 2. A 3 x 4 pile foundation system: piles D = 139.6 mm, t = 10 
mm. Subsoil was silt with parameters <j>’ = 34 y’ = 7 kN/m3, p = 0.3, 
m=120. The first natural frequency mode of the system was fi = 6.6 Hz. 
Determined with the FEM model using nonlinear springs for modeling 
the subgrade and beams instead of piles and base floor structure.

The crawl space of the foundation is well ventilated as the 
sides of the foundations are open and the moisture conditions of 
the crawl space are more or less the same as those of the 
surrounding open air. The spacious crawl space makes it easier 
to control and maintain the base floor structures as well as the 
insulated drain and water pipes laid under the actual floor 
structure.

The lateral rigidity of the micropile foundation against wind 
loads is sufficient with most subsoil types requiring no additional 
bracing of the piles, if the rigidity of the used pile type is 
sufficient. The required pile-shaft diameter depends on subsoil 
type and the total number of acting piles; it falls in the D = 115- 
140 mm range when pile-wall thickness t = 4 mm or more. A 
joint between a pile and the upper structure should be rigid. It is 
easy to produce such rigid joints between piles and framework 
beams when steel profiles are used as base floor-supporting 
beams. The natural frequency of the micropile foundation is 
usually higher than the frequency of the dynamic wind load, f  =
1 Hz, and therefore the risk of resonance is minimal (Fig. 2).

Several types of micropiles have been developed in Finland 
for foundations of detached houses. Micropiles can be installed 
by impact driving or drilling and they can be either end-bearing 
or shaft bearing.

The building of the traditional foundations of a detached 
house takes approximately 2 - 4  weeks including the casting of 
the footing and the construction of the plinth. The micropile- 
based foundation system allows laying the entire foundations in 
only 2-4 days. The time saving is a remarkable advantage for the 
house builder in Finland where the summer is short and the best 
construction period of the year, the relatively warm spring 
months of low humidity, are usually spent building foundation 
structures. The new method even allows laying the foundations 
in winter as little earthwork is needed and the piles can be 
installed through frozen ground.
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Figure 3. Installation stages of impact-driven CSG piles.

driving and the vibration effect of the hammer was useful in 
grouting. The grout was transferred to the pile using a pump 
without subjecting the grout to high pressure. Impact driving 
subjects the grout to short and high pressure peaks, which 
ensures its effective penetration into the surrounding soil. The 
working diameter of CSG piles can be 1.2 to 1.5 times bigger 
than the collar or base diameter.

4.2 A log house foundation: an application o f the micropile- 
based fully ventilated foundation on solid bedrock

The foundation for the log house was laid on bedrock by 
drilling holes (D = 160 mm) approximately 1 meter into the 
bedrock by ordinary bore-well equipment. The D = 140 mm pile 
shafts were installed and grouted into exact positions using the 
aid frame and wooden wedges (Figure 5a and 5b). After the 
hardening of the grout, the piles were cut off exactly according 
to drawings and the shafts were filled with concrete to prevent 
corrosion.

The actual drilling of the holes was carried out by a special 
contractor, but the installation, grouting and cutting of the piles 
was done by the builder himself. The total time required to build 
these foundations comprising 30 piles was four full working
days.
The logs and the beam framework of the house are supported 

directly on the micropiles (Fig. 6).

4.3 Case histories o f railway bridges 

Driven steel pipe piles
Hundreds of demanding and highly demanding structures have

4 CASE HISTORIES

4.1 A detached house at Lappeenranta Housing Fair, Finland

The Niemela house was constructed using shaft-bearing, impact- 
driven micropiles or CSG piles (Fig. 3). The piles were bonded 
to sand layers, bond length 2 to 8 m. The steel pile diameter was
76.1 mm and the collar diameter 130 mm. The superstructure of 
the Niemela house is supported directly on piles which have 
been tied together with knee braces. The foundation beams are 
of glued laminated timber (Fig. 4).

The installation of piles was done in two stages: (i) drilling 
through boulder soil, and (ii) installation of pile elements into 
sand. A drilling rig was utilized for impact driving of piles. The 
high-frequency drilling hammer was powerful enough for impact

Figure 4. Foundation o f  Niem ela detached house, Lappeenranta Housing 

Fair, Finland.
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Figure 5. Micropile-based fully ventilated foundation on solid bedrock.

a) Installation o f  piles in boreholes.

b) Positioning o f  piles before grouting using aid frame.

Figure 6 . Structure o f  micropile-supported base floor o f  a typical 

Finnish log house.

already been built on driven steel pipe pile foundations in the 
Nordic countries including the most demanding road and railway 
bridges (Fig. 7) in Finland.

Drilled steel pipe piles 
In the last few years drilled pipe piles have gained ground 
rapidly, especially in bridge construction. Drilled piles are

characteristically used in the following conditions:

Construction site has layers of soil that are hard to penetrate
The rock face is strongly inclined
Piles must reach a certain penetration depth (underpasses!)
High bearing capacities are required
Surrounding structures are sensitive to vibration from piling
Especially tight settlement requirements

Large-diameter drilled piles can provide capacities equal to 
those generally occurring in bridge building (vertical load 
Pic« 1.5-5.0 MN) while they also allow performing piling reliably, 
quickly and simply even under difficult conditions. In such 
instances, the diameters of drilled pipe piles are in the 323.9 to
508.0 mm range, the most common wall thickness being 12.5 
mm.

One of the biggest projects carried out so far in Finland is the 
Tampella railway underpass in the city of Tampere. This

Figure 9. A rigid connection between a drilled steel pipe pile D457.0 x 

12.5 and bridge deck /A-InsinOOrit Oy/.

Figure 7. Construction o f  a new underpass for a railway line in use. The 

first segment has been transferred to its final position while the other 

segment is being cast beside the track.

Figure 10. Installation o f  large-diameter drilled steel pipe piles for the 

Tampella underpass.
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underpass for three railway tracks consists of three separate 
decks with five supports. Two of the three decks were built by 
the existing railway embankment and then transferred to their 
final position by jacking. One deck could be cast in place. The 
jacking of one 64 m long deck takes about 60 hours and requires 
interruption of traffic for that long.

The Tampella underpass (Fig. 8 ) is founded on large- 
diameter drilled steel pipe piles. The end supports are founded 
on D406.4 x 12.5 piles and the intermediate supports on D457.0 
x 12.5 piles— a total o f 39 piles. The piles which are 5.7 - 11.7 m 
long are dimensioned as steel-concrete composite structures. The 
maximum vertical load of a pile in serviceability limit state is 
Pk=4.1 MN and bending moment Mk=613 kNm. In the case of 
four of five supports, pipe piles are connected rigidly to the 
bridge deck (Fig. 9).

The installation of piles was carried out using a DTH hammer 
and Symmetrix drilling equipment. (Fig. 10).

5 CONCLUSIONS

Different types of steel pipe piles allow using the described 
method under almost any soil conditions met in Finland. Driven 
steel pipe piles have become an established foundation solution 
in bridge construction. Drilled pipe piles which have become 
commonplace in recent years, provide a reliable alternative for 
all soil conditions. They allow high pile loads and ensure 
extremely small deviations in position.

Several types of micropiles are applicable for foundations of 
detached houses. Steel based pile types give a versatile 
collection of methods for various ground conditions and loads.

Steel-based foundations will be developed further through 
research on frost resistance, ventilation design, corrosion and 
mechanical joints between steel components. Future research 
and development will be financed partly by the Finnish 
technology program, PRIMA, which was launched in January 
2001. The total costs of the PRIMA program will be about 12 
million euros. The program is focused on several themes, e.g. 
foundations and piles. The PRIMA program has been organized 
by the Finnish Geotechnical Society and it is financed by 
industry and the National Technology Agency, Tekes, a 
governmental organization.
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