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(54) Narrowed foundation pile

(57) A foundation pile (1), intended to be driven into
a substrate and to provide skin friction with respect to
said substrate, comprises a pile shaft (2) with a head (4)
and a base (5) which is to be driven into a substrate. The
pile shaft (2) has a narrow or tapered portion (7) with
different areas which, viewed in the longitudinal direction,
are spaced apart, one area of which has a larger capacity
to generate skin friction than another area. The area of
the narrowed portion (7) with the larger capacity to gen-
erate skin friction is situated at a greater distance from
the head (4) than the other area of the narrowed portion
(7), in such a manner that the effect of negative skin fric-
tion is minimized.
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Description

[0001] The invention relates to a foundation pile, in-
tended to be driven into a substrate and to provide skin
friction with respect to said substrate, comprising a pile
shaft which, at least in cross section, forms a single entity,
a head at an end of the pile shaft and a tip or base which
is to be driven into a substrate at the other end of the pile
shaft, which pile shaft comprises at least a narrowed por-
tion whose cross section changes in the longitudinal di-
rection of the pile shaft.
[0002] Such a foundation pile is known. Its function is
to provide the load-bearing capacity to support a struc-
ture, building and the like with respect to a relatively weak
substrate. To this end, the foundation pile is driven into
the ground, for example by means of ramming or vibrat-
ing. The depth to which the foundation pile has to be
driven into the ground depends on the level at which the
load-bearing layer is situated.
[0003] The base of the pile is driven into the load-bear-
ing layer, such as a sand layer, over a certain length. The
resistance of the base which occurs in the process pro-
vides an important part of the load-bearing capacity of
the foundation pile. In addition, the friction of the shaft
with respect to the ground, or skin friction, contributes to
the load-bearing capacity. This is caused by the effect of
positive skin friction which results from surface friction
between the pile shaft and the ground.
[0004] However, in addition to positive skin friction,
negative skin friction also occurs. Negative skin friction
is the result of weak ground settling. If the ground sinks
with respect to the foundation pile, the ground, likewise
as a result of surface friction, exerts a downward force
on the foundation pile. This downward force compromis-
es the nett load-bearing capacity of the foundation pile
and may even cause a substantial reduction of the load-
bearing capacity.
[0005] EP-A-758699 discloses a foundation pile
whose cross section decreases in the direction of the
base. This is intended to increase the load-bearing ca-
pacity of the foundation pile by means of a clamping effect
with respect to the substrate. Although such clamping
may have a positive effect on the load-bearing capacity
of the foundation pile, this increases the effect of negative
skin friction. This is due to the fact that negative skin
friction is caused by settling, and this effect occurs mainly
near the head of the foundation pile, in other words in
the area where the external surface of the foundation pile
is largest. This leads to a relatively large effect on the
negative skin friction, as this acts on the large external
surface near the head of the pile. A further drawback is
that such a pile which narrows outwards near the head
requires a relatively large amount of concrete, which in-
creases the cost price.
[0006] It is an object of the invention to provide a foun-
dation pile which offers a satisfactory load-bearing ca-
pacity and in which the effect of negative skin friction can
be reduced to a minimum. This object is achieved by the

fact that the head portion has a periphery which is smaller
than the periphery of the base portion. In this case, the
narrowed portion has a cross section with a relatively
large periphery and a cross section with a relatively small
periphery so that the cross section with a relatively large
periphery is situated at a greater distance from the head
than the cross section with a relatively small periphery.
[0007] The expression a narrowed portion is under-
stood to mean a portion in which a change occurs in the
periphery and/or the surface of successive cross sec-
tions. This change may be continuous and may, for ex-
ample, decrease monotonously in the direction from the
base to the head, but it is also possible for the cross
section to change in stages or in steps. Near the base,
the foundation pile therefore has a relatively large pe-
riphery in the zone where positive skin friction occurs.
Near the head, the foundation pile has a relatively small
periphery in the zone where negative skin friction occurs.
In addition, the foundation pile has a corresponding rel-
atively large cross section at the base in order to produce
a high resistance at the base.
[0008] The foundation pile with the portions which are
configured in this way has several advantages. The area
thereof which is subjected to the effects of negative skin
friction is relatively small in size. As mentioned above,
negative skin friction mainly occurs near the upper por-
tion of the foundation pile and it is exactly this area where
the peripheral surface on which the negative skin friction
acts is relatively small. Furthermore, the consumption of
material for such a foundation pile with relatively small
cross section is relatively low, as a result of which the
cost price can remain low.
[0009] The narrowed portion may be configured in dif-
ferent ways and the external surfaces thereof may, for
example, be curved. The cross section of the narrowed
portion may also have various shapes, such as circular,
oval, polygonal and the like. In particular, the cross-sec-
tional area of the narrowed portion may decrease mo-
notonously, viewed in the direction from the base to the
head.
[0010] With a view to ease of manufacturing, a foun-
dation pile is preferred in which the narrowed portion has
a polygonal cross section and wherein at least one of the
walls which delimit the polygonal cross section is directed
obliquely with respect to the longitudinal direction of the
pile shaft. In particular, the narrowed portion may have
a square or rectangular cross section in which one and
only one of the walls is directed obliquely with respect to
the longitudinal direction of the pile shaft.
[0011] Preferably, the narrowed portion has a square
or rectangular cross section comprising two opposite
walls which are directed obliquely towards one another.
The other walls of the narrowed portion may be mutually
parallel. Such a foundation pile can be manufactured us-
ing a relatively simple mould, e.g. a modified standard
mould for foundation piles.
[0012] The connection between in each case two por-
tions is preferably not stepped, that is to say that the end
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surface of the narrowed portion and the adjacent end of
the prismatic portion then have identical shapes and di-
mensions (congruent).
[0013] In particular, a prismatic base portion is provid-
ed which adjoins the base in such a manner that the
narrowed portion adjoins the end of the prismatic base
portion which is turned away from the base. Furthermore,
a prismatic head portion adjoins the head. This prismatic
head portion adjoins the end of the narrowed portion
which is turned away from the base. The foundation pile
thus has at least two prismatic portions between which
the narrowed portion is situated. It is also possible to
provide more than two prismatic portions, each of which
encloses a narrowed portion.
[0014] As has already been mentioned, the cross sec-
tion of the various portions may have different shapes.
A particularly simple foundation pile which can be man-
ufactured at low cost is configured in such a way that the
prismatic portion adjoining the base has a square cross
section and the prismatic portion adjoining the head has
a rectangular cross section. In this case, two opposite
walls may extend evenly across all portions. Further-
more, a plane of symmetry of a prismatic portion adjoining
the head and a plane of symmetry of the prismatic portion
adjoining the base may coincide. In this case, the foun-
dation pile may be completely symmetrical with respect
to a central longitudinal plane.
[0015] The foundation pile is preferably configured as
a concrete body with a reinforcement which is incorpo-
rated in the concrete body. Alternatively, the foundation
pile may have a hollow steel body. In that case, the hollow
steel body may be configured as having several welded
pipe portions, in which case a pipe portion situated closer
to the base has an external cross section with a larger
periphery than a pipe portion which is situated closer to
the head.
[0016] Furthermore, the hollow steel body may be con-
figured as a coupled pile having a pile portion which is
situated closer to the base and the cross section of which
has a larger periphery than a pile portion which is situated
closer to the head.
[0017] The base may be configured as the end of the
base portion, that is to say may have the same cross
section as the base portion. According to another possi-
bility, the base may be configured as a local widening
with respect to the pile shaft in the form of a base piece.
It should be noted that the function of such a widened
base piece differs from the function of the base portion.
The purpose of the widened base piece is to increase
the load-bearing capacity of the foundation pile by in-
creasing the resistance of the base in the bottom load-
bearing ground layer which is exerted on the surface of
the head of the foundation pile. The purpose of the base
portion on the other hand is to make the friction of the
shaft or (positive) skin friction which acts on the longitu-
dinal walls of the foundation pile as large as possible with
respect to the bottom ground layers.
[0018] The foundation pile is configured in such a man-

ner that the head portion has a head end and the base
portion has a base end which faces away from the head
end, which head end has a projection P19 on a plane of
projection at right angles to the longitudinal direction of
the pile shaft whose periphery is smaller than the periph-
ery of the projection P20 of the base end on said plane
of projection. The base end may be delimited by a free
surface which may, for example, be formed by a flat end
surface and the bevelled edge which is usually used
around said flat surface. The purpose of such a bevelled
edge is to prevent sharp edges on the periphery which
could easily break away.
[0019] Alternatively, as has already been mentioned
before, a base piece may adjoin the base end of the base
portion, preferably a base piece which is widened with
respect to the head end. The base end of the base portion
is then situated at the transition from the base portion to
the base piece.
[0020] In practice, the head can be distinguished from
the base by a marking on the head. Furthermore, an ad-
ditional head reinforcement which may, for example, be
spiral-shaped is provided in the concrete body of the head
in order to offer sufficient strength against the blows or
vibrations which are to be applied to the head in order to
drive the foundation pile into the ground.
[0021] Furthermore, the invention relates to the use of
the foundation pile in a foundation structure, comprising
a foundation pile with a pile shaft which forms a single
entity in cross section, a head at one end of the pile shaft
and a tip or base which is to be driven into a substrate
at the other end of the pile shaft, which pile shaft com-
prises at least a narrowed portion having a cross section
which changes in the longitudinal direction of the pile
shaft, a prismatic head portion which adjoins the head
and a prismatic base portion which adjoins the base. This
foundation structure is configured in such a manner that
the relatively high area of the narrowed portion and/or
the head portion is/are subjected to negative skin friction,
and the relatively low area of the narrowed portion and/or
the base portion is/are subjected to positive skin friction.
[0022] Negative skin friction occurs at the location of
the relatively high area of the narrowed portion and of a
prismatic portion adjoining this area. Due to the config-
uration of the foundation structure, the magnitude of the
negative skin friction is limited, so that as much benefit
as possible is derived from the positive skin friction. In
addition, the foundation pile and the substrate may also
be in mutual equilibrium due to the resistance of the base.
[0023] In this case, a cross section with a relatively
large periphery of the narrowed portion and/or a cross
section with a relatively large periphery of the base por-
tion of the foundation pile is situated in the area of the
substrate where positive skin friction occurs, while a
cross section with a relatively small periphery of the nar-
rowed portion and/or a cross section with a relatively
small periphery of the head portion is situated in an area
of the substrate where negative skin friction occurs.
[0024] The invention furthermore relates to a founda-
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tion structure, comprising a foundation pile as described
above with a pile shaft which forms a single entity in cross
section, a head at one end of the pile shaft and a tip or
base which is to be driven into a substrate at the other
end of the pile shaft, which pile shaft comprises at least
a narrowed portion having a cross section which changes
in the longitudinal direction of the pile shaft, a prismatic
head portion which adjoins the head and a prismatic base
portion which adjoins the base. The relatively high area
of the narrowed portion and/or the head portion adjoining
said high area is/are subjected to negative skin friction,
and the relatively low area of the narrowed portion and/or
the base portion adjoining said low area is/are subjected
to positive skin friction.
[0025] Below, the invention will be explained in more
detail with reference to an exemplary embodiment illus-
trated in the figures, in which:

Fig. 1 shows a view along I in Fig. 3 of a foundation
pile.
Fig. 2 shows a view along II in Fig. 3 of a foundation
pile.
Fig. 3 shows a view along III in Fig. 1 of a foundation
pile.
Fig. 4 shows a view along IV of Fig. 1 of the founda-
tion pile.
Fig. 5 shows a foundation pile driven into the ground.

[0026] The foundation pile 1 shown in Figs. 1-5 con-
sists of a pile shaft 2 in the form of a concrete body 17
which incorporates a reinforcement 3 which consists of
rods and is not shown in any more detail in a manner
known per se. Such a reinforcement serves to reinforce
the foundation pile and is completely covered by the con-
crete body 17. The pile shaft 2 has a head portion 8 with
a head 4 and a head end 19 onto which, for example, a
piling cap or a vibrating device is placed for the purpose
of driving the foundation pile into a substrate. In this case,
the tip or base 5 at the other end of the pile shaft 2 is
placed on the substrate and subsequently driven therein.
[0027] Furthermore, the pile shaft 2 has a base portion
6 with a base 5 and a base end 20. In the embodiment
illustrated in full lines, both the head end 19 and the base
end 20 consist of the bevelled edge 18 extending all
around and the area 21 and 22, respectively, situated in
between, both of which are flat in this case. The projection
of the head end 19 onto an imaginary plane at right angles
to the longitudinal direction of the pile shaft 2 is denoted
by P19 and thus has a periphery which is equal to the
periphery of the head portion 8. The projection of the
base end 20 onto an imaginary plane at right angles to
the longitudinal direction of the pile shaft 2 is denoted by
P19 and thus has a periphery which is identical to the
periphery of the base portion 6. The periphery of the pro-
jection P19 of the head end 19 is smaller than the pe-
riphery of the projection P20 of the base end 20.
[0028] According to a variant, the base 5 may be con-
figured to have a widened base piece 23, as is illustrated

with broken lines in Figs. 1-4. Said base piece 23 has a
larger cross section than the base portion 6 in order to
produce the desired resistance of the base. In this em-
bodiment, the base end 20 of the base portion 6 is situ-
ated at the transition between the base portion 6 and the
base piece 23. With this variant as well, the foundation
pile has a base portion 6 with a relatively large periphery
and a head portion 8 with a relatively small periphery in
order to reduce the effect of negative skin friction.
[0029] The foundation pile 1 thus consists of different
portions. A prismatic portion 6, which in the longitudinal
section of the foundation pile has a constant cross sec-
tion, adjoins the base 5. Joined thereto is the narrowed
portion 7 which, in the direction viewed from the base 5
towards the head 4, has cross sectional areas of decreas-
ing size. Thereafter, another prismatic portion 8 follows
which has a constant cross section in the longitudinal
direction of the foundation pile.
[0030] As can also be seen in the end view from Fig.
3, the surface of the head 4 is smaller than the surface
of the base 5. It can also be seen in said Fig. 3 that the
foundation pile 1 has two surfaces 9, 10 which face away
from each other and extend flatly along all portions. This
is in contrast to the other two surfaces 11, 12 which have
a slightly bent course at the location of the transitions 13
and 14, respectively, between the prismatic portion 6
near the base 5 and the narrowed portion 7, and between
the narrowed portion 7 and the prismatic portion 10 near
the head 4.
[0031] As is illustrated in Fig. 5, the foundation pile 1
is accommodated in a substrate 15. The prismatic portion
10 near the base 5 of the foundation pile has penetrated
into a load-bearing layer 16, preferably a sand layer. The
depth to which the prismatic portion 10 has penetrated
into said sand layer 16 is preferably approximately eight
times the transverse dimension of the base 5. The foun-
dation pile experiences a certain resistance of the base
V in the sand layer 16, as a result of which an upwardly
directed force is exerted on the foundation pile which
supplies a significant part of the load-bearing capacity of
the foundation pile. Along the section of the foundation
pile 1 which extends between the sand layer 16 and the
surface of the substrate 15, the effect of friction of the
shaft or skin friction occurs. Negative skin friction N which
results from the settling of the substrate 15 may occur in
particular in the upper section of the foundation pile. This
negative skin friction leads to a downwardly directed
force on the foundation pile and reduces the load-bearing
capacity of the foundation pile 1. The positive skin friction
P which applies an upwardly directed force to the foun-
dation pile and which occurs along the deeper section of
the foundation pile 1 does provide a positive contribution
to the load-bearing capacity.
[0032] However, due to the fact that the upper section
of the foundation pile 1 has a smaller periphery, the sur-
face on which the effect of a negative skin friction occurs
is relatively small. Thus, the effect of negative skin friction
on the total load-bearing capacity of the pile is reduced.
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The nett load-bearing capacity can thus be significantly
increased, for example by 10 % to 15 %. A further ad-
vantage of the reduced periphery of the foundation pile
1 is that less concrete material is needed. The concrete
material is thus used very efficiently to achieve a relatively
high load-bearing capacity. In addition, the costs of the
pile can remain relatively low, due to the limited consump-
tion of material.

List of reference numerals

[0033]

1. Foundation pile
2. Pile shaft
3. Reinforcement
4. Head
5. Base
6. Prismatic base portion
7. Narrowed or tapered portion
8. Prismatic head portion
9., 10. Flat surfaces of concrete body
11., 12. Bent surfaces of concrete body
13., 14. Transitions between portions
15. Substrate
16. Load-bearing layer
17. Concrete body
18. Bevelled edge
19. Head end
20. Base end
21. Flat area of head end
22. Flat area of base end
23. Base piece
V Resistance of base
P Positive skin friction
N Negative skin friction
P 19 Projection of head end
P20 Projection of base end

Claims

1. Foundation pile (1) intended to be driven into a sub-
strate and to provide skin friction with respect to said
substrate, comprising a pile shaft (2) which, in cross
section, forms a single entity, a head (4) at an end
of the pile shaft and a tip or base (5) which is to be
driven into a substrate at the other end of the pile
shaft, which pile shaft (2) comprises at least a nar-
rowed or tapered portion (7) whose cross section
changes in the longitudinal direction of the pile shaft
(2), a prismatic head portion (8) which adjoins the
head (4) and a prismatic base portion (6) which ad-
joins the base (5), characterized in that the head
portion (8) has a periphery which is smaller than the
periphery of the base portion (6).

2. Foundation pile (1) according to Claim 1, wherein

the narrowed portion (7) has a cross section with a
relatively large periphery and a cross section with a
relatively small periphery and the cross section with
the relatively large periphery of the narrowed portion
is situated at a greater distance from the head than
the cross section with the relatively small periphery
of the narrowed portion, and preferably the periphery
of the cross section of the narrowed portion (7) de-
creases monotonously in the direction from the base
(5) to the head (4).

3. Foundation pile (1) according to one of the preceding
claims, wherein the narrowed portion (7) has a po-
lygonal cross section and at least one of the walls
(11, 12) which delimit the polygonal cross section is
directed obliquely with respect to the longitudinal di-
rection.

4. Foundation pile (1) according to Claim 3, wherein
the narrowed portion (7) has a square or rectangular
cross section and one and only one of the walls is
directed obliquely with respect to the longitudinal di-
rection.

5. Foundation pile (1) according to Claim 4, wherein
the narrowed portion (7) has a square or rectangular
cross section comprising two opposite walls (11, 12)
which are directed obliquely towards one another.

6. Foundation pile (1) according to one of Claims 3-5,
wherein two opposite walls (9, 10) of the narrowed
portion (7) are mutually parallel.

7. Foundation pile (1) according to one of the preceding
claims, wherein the prismatic portion (6) adjoining
the base (5) has a square cross section and the pris-
matic portion (8) adjoining the head (4) has a rec-
tangular cross section.

8. Foundation pile (1) according to Claim 8, wherein a
wall, preferably two opposite walls (9, 10), extend(s)
evenly across all portions.

9. Foundation pile (1) according to one of Claims 7-9,
wherein the prismatic portion (6) adjoining the base
(5) has a length which is more than 2 times, prefer-
ably more than 3 times and more preferably 4 times
a transverse dimension of said portion.

10. Foundation pile (1) according to one of the preceding
claims, wherein the transition between a prismatic
portion (6, 8) and a narrowed portion (7) is not
stepped and the end surface of the narrowed portion
and the adjacent end surface of the prismatic portion
have identical shapes and dimensions (congruent).

11. Foundation pile (1) according to one of the preceding
claims, wherein the head portion (8) has a head end
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(19) and the base portion (6) has a base end (20)
which faces away from the head end, which head
end has a projection (P19) on a plane of projection
at right angles to the longitudinal direction of the pile
shaft (2) whose periphery is smaller than the periph-
ery of the projection (P20) of the base end (20) on
said plane of projection.

12. Foundation pile (1) according to Claim 11, wherein
the base end (20) has a free surface (18, 21) or a
base piece (23) which adjoins the base end (20) of
the base portion (6), preferably a base piece which
is widened with respect to the head end.

13. Use of a foundation pile according to one of the pre-
ceding claims in a foundation structure, which foun-
dation pile comprises a pile shaft (2) which forms a
single entity in cross section, a head (4) at one end
of the pile shaft and a tip or base (5) which is to be
driven into a substrate at the other end of the pile
shaft, which pile shaft (2) comprises at least a nar-
rowed portion (7) having a cross section which
changes in the longitudinal direction of the pile shaft
(2), a prismatic head portion (8) which adjoins the
head (4) and a prismatic base portion (6) which ad-
joins the base (5), characterized in that the rela-
tively high area of the narrowed portion (7) and/or
the head portion (8) is/are subjected to negative skin
friction, and the relatively low area of the narrowed
portion (7) and/or the base portion (6) is/are subject-
ed to positive skin friction.

14. Use of a foundation pile according to Claim 13,
wherein a cross section with a relatively large pe-
riphery of the narrowed portion (7) and/or a cross
section with a relatively large periphery of the base
portion (6) of the foundation pile is situated in the
area of the substrate where positive skin friction oc-
curs, and a cross section with a relatively small pe-
riphery of the narrowed portion (7) and/or a cross
section with a relatively small periphery of the head
portion (8) of the foundation pile is situated in the
area of the substrate where negative skin friction oc-
curs.

15. Foundation structure, comprising a foundation pile
according to one of Claims 1-12 with a pile shaft (2)
which forms a single entity in cross section, a head
(4) at one end of the pile shaft and a tip or base (5)
which is to be driven into a substrate at the other end
of the pile shaft, which pile shaft (2) comprises at
least a narrowed portion (7) having a cross section
which changes in the longitudinal direction of the pile
shaft (2), a prismatic head portion (8) which adjoins
the head (4) and a prismatic base portion (6) which
adjoins the base (5), characterized in that the rel-
atively high area of the narrowed portion (7) and/or
the head portion (8) is/are subjected to negative skin

friction, and the relatively low area of the narrowed
portion (7) and/or the base portion (6) is/are subject-
ed to positive skin friction.
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