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(54) STEEL PIPE PILE

(57) An object is to provide a steel pipe pile having
multiple steps of blades and capable of most effectively
exerting a supporting force. Another object is to provide
a steel pipe pile that has blades with optimum thicknesses
and/or fixture strengths and that can be manufactured
with reduced costs.

An open-end steel pipe pile 1 includes a pile body 3
composed of a steel pipe with an outer diameter of φ800
mm or less and a plurality steps of blades 5 fixed by
welding to the pile body 3 to project from an outer pe-
riphery of the pile body 3, and a relationship of 10 ≤ hk/wk
≤ 30 (where k is an integer of 1 or more) is satisfied,
where k is an integer of 1 or more, wk is a projecting
length of a (k+1)th blade of the plurality steps of blades
counted from bottom, and hk is an interval between the
(k+1)th blade and another one of the plurality steps of
blades that is downwardly adjacent to the (k+1)th.
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Description

Technical Field

[0001] The present invention relates to steel pipe piles that are installed by being rotated into the ground, and more
particularly to a steel pipe pile including a steel pipe having an outer diameter of φ800 mm or less and a plurality steps
of blades having the same diameter that are fixed by welding to the steel pipe such that the blades project from an outer
periphery of the steel pipe and are arranged at a certain pitch.

Background Art

[0002] Many steel pipe piles that have spiral blades attached to an end or a peripheral surface thereof and that are
rotationally inserted into the ground to exert a supporting force have been developed.
[0003] A steel pipe pile that focuses on exerting a large supporting force at an end portion thereof is structured such
that one or a pair of blades are attached mainly at the end thereof. Examples of such a steel pipe pile are disclosed in
Patent Literatures 1 and 2.
[0004] In areas where earthquakes are common, it is considered important that the piles exert a large supporting force
at the end thereof, and most piles are installed to extend to a hard support layer. Such piles that are commonly used
have diameters ranging from small diameters to large diameters (more than φ1000 mm).
[0005] The piles need to extend to the hard support layer to exert a sufficient supporting force at the end thereof.
Therefore, the length of the piles is increased when the support layer is deep in the ground, and the costs are increased
accordingly.
[0006] Therefore, in areas where earthquakes are less common, where the required supporting force is not high, and
where the hard support layer is deep in the ground, the steel pipe pile designed to exert a large supporting force at the
end thereof is not always suitable.
[0007] An example of a steel pipe pile suitable in such an area is a steel pipe pile that focuses more on a supporting
force based on skin friction than on the supporting force at the end.
[0008] The steel pipe pile that focuses on the skin friction may have a short length because it does not need to extend
to the hard support layer, but is not capable of exerting a large supporting force alone. Accordingly, steel pipe piles of
this type are used for small-scale construction and commonly have diameters ranging from small diameters to intermediate
diameters (up to about φ800 mm).
[0009] Patent Literature 3 discloses an example of such a steel pipe pile. This steel pipe pile is a small-diameter steel
pipe pile including a steel pipe having an outer diameter of 100 to 200 mm and a pipe wall thickness of 3.2 to 6.0 mm;
a plurality of spiral blades of one or two turns having an outer diameter of 1.5 to 2.5 times the outer diameter of the steel
pipe, the spiral blades being non-continuously welded to an outer surface of the steel pipe with intervals of 1 to 3 m
therebetween; a trapezoidal plate-shaped support piece that projects from the center of an end portion of the steel pipe
and narrows downward; and a plurality of plate-shaped drilling assisting pieces having a bit function that are attached
to the outer periphery of the end portion of the steel pipe at an angle in accordance with a rotational drilling direction.

Citation List

Patent Literature

[0010]

PTL 1: Japanese Unexamined Patent Application Publication No. 9-324419
PTL 2: Japanese Unexamined Patent Application Publication No. 2009-209674
PTL 3: Japanese Unexamined Patent Application Publication No. 1-142122

Summary of Invention

Technical Problem

[0011] According to the "small-diameter steel pipe pile" disclosed in Patent Literature 3, the reason why the intervals
between the spiral blades are set to 1 to 3 m (reason 1) and the reason why the outer diameter of the spiral blades is
set to 1.5 to 2.5 times the outer diameter of the steel pipe (reason 2) are as follows.
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<Regarding Reason 1>

[0012] According to Patent Literature 3, it is assumed that the small-diameter steel pipe pile includes the steel pipe
having an outer diameter of 100 to 200 mm and a pipe wall thickness of 3.2 to 6.0 mm. The reason why the intervals
between the multiple steps of spiral blades are set is that when the intervals are 3 m or more, the limit load is reduced
and the rotational torque is increased. When the intervals are less than 1 m, spaces between the spiral blades that are
vertically adjacent to each other are clogged with soil. The soil is agglomerated and cannot be moved upward. Accordingly,
the propulsive force is reduced, and the insertion performance is degraded (see page 2, column 4, line 15 to page 3,
column 5, line 5 of Patent Literature 3).

<Regarding Reason 2>

[0013] Assuming that the outer diameter of the spiral blades is 1.5 to 2.5 times the outer diameter of the steel pipe,
the bearing capacity of the small-diameter steel pipe pile is considered to be determined by the sum of the supporting
pressure of the soil in accordance with the area of the spiral blades and the shear force between the main body of the
steel pipe and the surrounding soil that adheres to the main body of the steel pipe. The reason why the outer diameter
is set in the above-described range is that when the outer diameter of the spiral blades is too large or too small, the
rotational torque is increased and the pipe wall thickness needs to be increased (see page 3, column 5, line 6 to page
3, column 5, line 24 of Patent Literature 3).
[0014] As described above, according to Patent Literature 3, the intervals and the blade diameter of the spiral blades
are individually designed, and values thereof are determined mainly in consideration of workability.
[0015] However, even for the steel pipe pile with multiple steps of blades that does not need to extend to the hard
support layer, it is important to provide a large supporting force. This has not been studied in the related art.
[0016] In addition, Patent Literature 3 does not describe any specific method for attaching the spiral blades. When
multiple steps of blades are provided, all blades are generally similarly attached by welding to facilitate manufacture.
[0017] However, an increase in the number of blades leads to an increase in, for example, the costs for attaching the
blades.
[0018] The present invention has been made to solve the above-described problems, and an object of the present
invention is to provide a steel pipe pile having multiple steps of blades and capable of most effectively exerting a supporting
force.
[0019] Another object is to provide a steel pipe pile that has blades with optimum thicknesses and/or fixture strengths
and that can be manufactured with reduced costs.

Solution to Problem

[0020] In general, the supporting force of a steel pipe pile having multiple steps of blades is provided by skin friction
and supporting pressure provided by each blade. The skin friction is large when the intervals between the blades are
small, and its maximum is skin friction corresponding to a cylindrical peripheral surface having a diameter equal to the
outer diameter of the blades. The skin friction is small when the intervals between the blades are large, and its minimum
is skin friction corresponding to a cylindrical peripheral surface having a diameter equal to the diameter of the pile body.
[0021] The supporting pressure is low when the intervals between the blades are small, and is high when the intervals
between the blades are large.
[0022] Studies conducted by the inventors in this regard have shown that by setting the intervals between the multiple
steps of blades and a projecting length of the blades to be in a certain relationship, the balance between the skin friction
and the supporting pressure can be improved and, as a result, the supporting force of the steel pipe pile can be increased.
[0023] The present invention is based on the above-described findings and has the features described below.
[0024] A steel pipe pile may have a closed end or an open end irrespective of whether the steel pipe pile focuses more
on the skin friction or on the supporting force at the end.
[0025] The closed end is advantageous in that a large supporting force is provided by the end portion and that the
supporting force is increased because an amount of soil equal to the volume of the pile is compressed into the surrounding
ground to increase the density of the ground. However, the closed end is disadvantageous in that the workability is
reduced and a large machine is required.
[0026] Therefore, whether to select the closed end or the open end is determined in consideration of the balance
between the supporting force and workability. In the present invention, the open end is selected.

(1) An open-ended steel pipe pile comprising a pile body composed of a steel pipe with an outer diameter of φ800
mm or less and a plurality steps of blades fixed by welding to the pile body to project from an outer periphery of the
pile body, wherein a relationship of 10 ≤ hk/wk ≤ 30 is satisfied, where k is an integer of 1 or more, wk is a projecting
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length of a (k+1)th blade of the plurality steps of blades counted from bottom, and hk is an interval between the
(k+1)th blade and another one of the plurality steps of blades that is downwardly adjacent to the (k+1)th.
(2) The steel pipe pile according to (1), wherein an fixture strength of a lowermost one of the plurality steps of blades
is greater than an fixture strength of the rest of the plurality steps of blades.
(3) The steel pipe pile according to (1) or (2), wherein a thickness of a lowermost one of the plurality steps of blades
is greater than a thickness of the rest of the plurality steps of blades.
(4) The steel pipe pile according to any one of (1) to (3), wherein a projecting length of a lowermost one of the
plurality steps of blades is longer than a projecting length of the rest of the plurality steps of blades.

Advantageous Effects of Invention

[0027] According to the present invention, the projecting length wk of each blade of the plurality steps of blades other
than the lowermost blade and the interval hk between that blade and another one of the plurality steps of blades that is
downwardly adjacent thereto satisfy 10 ≤ hk/wk ≤ 30 (where k is an integer of 1 or more). Accordingly, the steel pipe pile
having multiple steps of blades is capable of most effectively exerting the supporting force.
[0028] In addition, according to the present invention, the fixture strength or the thickness of only the lowermost blade
is increased. In other words, the fixture strengths or the thicknesses of the rest of the plurality steps of blades is reduced.
In such a case, the costs of the blades can be reduced without affecting the supporting force and the workability.

Brief Description of Drawings

[0029]

[Fig. 1] Fig. 1 illustrates a steel pipe pile according to an embodiment of the present invention.
[Fig. 2] Fig. 2 is a graph showing the cross-sectional area and the circumference of the pile with respect to the pile
diameter.
[Fig. 3] Fig. 3 illustrates a steel pipe pile according to another embodiment of the present invention (No. 1).
[Fig. 4] Fig. 4 illustrates a steel pipe pile according to another embodiment of the present invention (No. 2).
[Fig. 5] Fig. 5 illustrates a steel pipe pile according to another embodiment of the present invention (No. 3).
[Fig. 6] Fig. 6 is a graph showing the test results of Example 1.
[Fig. 7] Fig. 7 is a graph showing the test results of

Example 2.

Description of Embodiments

[0030] A steel pipe pile according to an embodiment of the present invention will now be described with reference to
the drawings.
[0031] As illustrated in Fig. 1, a steel pipe pile 1 according to the present embodiment is an open-end steel pipe pile
including a pile body 3 formed of a steel pipe having an outer diameter D of φ800 mm or less and a plurality steps of
blades 50 to 53 fixed by welding to the pile body 3 so as to project from an outer periphery of the pile body 3. The blades
50 to 53 respectively have projecting lengths w0 to w3. When the intervals from the second to fourth blades 51 to 53
among the blades 50 to 53 counted from bottom to the blades 50 to 52 downwardly adjacent to the second to fourth
blades 51 to 53 are h1 to h3, 10 ≤ hk/wk ≤ 30 (where k = 1, 2, and 3) is satisfied.
[0032] The constituent features will now be described.

<Steel Pipe>

[0033] It is assumed that the steel pipe has an outer diameter of φ100 mm to φ800 mm, which is a general outer
diameter of a friction pile.
[0034] The reason why the lower limit of the outer diameter of the steel pipe is φ100 mm is that if the outer diameter
is less than 100 mm, even when the blade diameter is as large as 2.5 times the outer diameter of the steel pipe, the
projecting length of the blade 50 is 75 mm or less and it is difficult to attach the blade 50.
[0035] The reason why the upper limit of the outer diameter of the steel pipe is φ800 mm is as follows.
[0036] When the pile diameter increases, the cross-sectional area of the pile increases in proportion to the square of
the diameter. Therefore, the allowable vertical axial force of the pile also increases in proportion to the square of the
diameter. The skin friction of the pile is proportional to the pile diameter. Therefore, as the pile diameter increases, the
difference between the skin friction and the allowable axial force of the pile increases. This will be further described with
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reference to the graph of Fig. 2.
[0037] Fig. 2 is a graph showing the cross-sectional area and the circumference of the pile with respect to the pile
diameter. The horizontal axis represents the pile diameter (mm). The left vertical axis represents the cross-sectional
area (mm2) of the pile, and the right vertical axis represents the circumference (mm) of the pile. To calculate the cross-
sectional area of the pile, it is assumed that the wall thickness is 1.3% of the pile diameter and that the minimum wall
thickness is 9 mm. More specifically, it is assumed that the wall thickness is 9 mm when the pile diameter is φ600 or
less, and is 1.3% of the pile diameter when the pile diameter is φ700 or more.
[0038] Referring to Fig. 2, as the pile diameter is increased beyond φ800 mm, the curves of the cross-sectional area
and the circumference start to deviate from each other, which means that it is not economically reasonable.

<Blades>

[0039] In the present embodiment, as illustrated in Fig. 1, the blades 50 to 53 that project from the outer peripheral
surface of the pile body 3 by the projecting lengths w0 to w3 are fixed with the intervals of h1 to h3 therebetween. The
projecting lengths w0 to w3 of the blades 50 to 53 are all equal to each other (w0 = w1 = w2 = w3), and the intervals h1
to h3 between the blades 50 to 53 are also equal to each other (h1 = h2 = h3).
[0040] The blades 50 to 53 illustrated in Fig. 1 are spiral blades, and are shaped such that one revolution of the blades
50 to 53 causes an upward displacement corresponding to one pitch (p0 to p3) thereof. In the present embodiment, the
blades 50 to 53 all have the same shape and the same pitch (p0 = p1 = p2 = p3).
[0041] The shapes of the blades 50 to 53 are not limited to this. For example, as illustrated in Fig. 3, the blades 50 to
53 may instead be arranged such that bottom end portions thereof are at different positions in the circumferential direction
of the pile body 3. In the example illustrated in Fig. 3, the positions of the bottom ends of the blades 50 to 53 are shifted
from each other by 180°. This is preferred because the linearity of movement during installation can be increased.
[0042] It is not necessary that the pitches p0 to p3 of the blades 50 to 53 be equal to each other. However, when the
pitches p0 to p3 of the blades 50 to 53 are equal to each other, the following advantages can be obtained.
[0043] During installation of the steel pipe pile 1 having the multiple steps of blades 50 to 53, the pile is rotated so that
a large propulsive force is generated at the lowermost blade 50. This force serves to insert the pile into the ground.
[0044] As the pile is rotationally inserted, the blades 51 to 53 other than the lowermost blade 50 are also inserted into
the ground. When the pitches of the blades 51 to 53 other than the lowermost blade 50 are equal to the pitch of the
lowermost blade 50, the lowermost blade 50 and the other blades 51 to 53 can be inserted at the same rate per revolution.
Accordingly, as the lowermost blade 50 is inserted, the blades 51 to 53 other than the lowermost blade 50 can also be
smoothly inserted into the ground, and disturbance of the ground does not occur.
[0045] It is generally known that disturbance of the ground leads to a large reduction in the supporting force of the
pile. When the blades 50 to 53 all have the same pitch, the steel pipe pile 1 having the multiple steps of blades can be
inserted into the ground without causing disturbance of the ground. Therefore, a large supporting force can be exerted.
[0046] The number of blades 50 to 53 is not particularly limited as long as a plurality steps of blades are provided. For
example, in the example illustrated in Fig. 1, the four blades 50 to 53 are attached over the entire length of the pile.
Alternatively, however, as in the example illustrated in Fig. 4, the structure may instead be such that no blades are
arranged on a portion to be disposed in a weak layer in which the expected skin friction is very small, and that two blades
50 and 51 are provided only on a portion to be disposed in a lower layer in which the expected skin friction is large.
[0047] Thus, it is not necessary that the blades be provided over the entire length of the pile body 3. In addition, it is
also not necessary that the projecting lengths of the blades and the intervals between the blades be equal to each other.
When the blades are provided only on a portion of the pile body 3 to be disposed in a ground layer in which the expected
skin friction is large and when the projecting lengths of the blades and the intervals between the blades are set as
appropriate, the manufacturing costs of the steel pipe pile 1 can be reduced.
[0048] Each blade is not limited to a spiral blade formed of a single steel plate. For example, as illustrated in Fig. 5,
each blade may instead be a pseudo spiral blade obtained by attaching two flat plates 5a such that the flat plates 5a
are inclined in opposite directions. The use of the flat plates 5a is preferred because it is not necessary to perform press
forming on steel plates and the costs can be reduced.
[0049] With regard to blade diameters Dw0 to Dw3, as the sizes of the blades 50 to 53 are increased, the skin friction
can be increased, but the workability is reduced and a larger machine is required. In addition, the force applied to the
blades 50 to 53 is increased, and therefore the welding specifications of the blades 50 to 53 need to be changed and
the thicknesses of the blades 50 to 53 need to be increased. As a result, the costs are significantly increased. Accordingly,
preferably, the blade diameter Dw0 of the lowermost blade 50 is 2.0 to 2.5 times the outer diameter D of the pile body
3, and the blade diameters Dw1 to Dw3 of the blades 51 to 53 other than the lowermost blade 50 are 2.0 times the outer
diameter D of the pile body 3 or less.
[0050] With regard to the projecting lengths w0 to w3 of the blades 50 to 53, in the example illustrated in Fig. 1, the
projecting lengths w0 to w3 of the blades 50 to 53 including the lowermost blade 50 are all set to the same length.
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However, in the present invention, it is not necessary that the projecting lengths of the blades 50 to 53 all be set to the
same length.
[0051] For example, the projecting length w0 of the lowermost blade 50 may be longer than the projecting lengths w1
to w3 of the other blades 51 to 53. This is preferred in that the propulsive force of the steel pipe pile 1 can be increased
and the workability can be improved. Alternatively, the projecting lengths of the blades to be disposed in a weak layer
in the ground may be set to lengths shorter than the projecting lengths of other blades.
[0052] In addition, as described below, the lowermost blade 50 exerts a large supporting force. Therefore, the thickness
of the lowermost blade 50 is preferably set to a thickness greater than those of the other blades 51 to 53. In other words,
the thickness of the lowermost blade 50 may be set based on the relationship between the thickness and the supporting
force to be exerted by the lowermost blade 50, and the thicknesses of the other blades 51 to 53 may be set to thicknesses
less than that of the lowermost blade 50. Thus, the costs can be reduced.
[0053] In addition, to improve the insertion performance at the start of installation, the lowermost blade 50 is preferably
attached at a position that is 1 m or less from the end of the pile body 3 and that is as close to the end of the pile as
possible within a range in which welding can be appropriately performed. More specifically, a distance x from the end
of the pile body 3 to the lowermost blade 50 is preferably as small as possible within the range of x ≤ 1 m to ensure good
workability of the steel pipe pile 1 (see Fig. 1).

<Relationship Between h and w>

[0054] The projecting lengths w1 to w3 of the blades 51 to 53 other than the lowermost blade 50 among the blades 50
to 53 and the intervals h1 to h3 from the blades 51 to 53 to the blades 50 to 52 that are downwardly adjacent to the
blades 51 to 53 satisfy 10 ≤ hk/wk ≤ 30 (k is an integer of 1 or more).
[0055] The reason for this will now be described.
[0056] The supporting force of the steel pipe pile 1 having the multiple steps of blades 50 to 53 is the sum of the skin
friction and the supporting pressures of the blades 50 to 53. The skin friction increases as the area increases, and
therefore increases as the circumference along which the skin friction is exerted increases. The supporting pressures
of the blades 50 to 53 increase as the areas of the projecting portions of the blades 50 to 53 increase.
[0057] The supporting force (sum of the skin friction and the supporting pressures) obtained in a certain section of the
steel pipe pile 1 will now be discussed. When the interval hk between the blades is significantly large, for example, when
hk/wk > 30, the surface area at which the skin friction is exerted is the surface area of the pile body 3. Although a high
supporting pressure is provided by each blade, the total supporting pressure provided by all of the blades is not very
high because the number of blades is small when the intervals between the blades is large.
[0058] When the interval hk between the blades is significantly small, for example, when hk/wk < 10, the supporting
pressures of the blades interfere with each other. Therefore, the supporting pressure is reduced, and the skin friction is
also adversely affected. As a result, the total supporting force is significantly reduced.
[0059] As described above, the supporting force of the pile depends on the relationship between the intervals h1 to
h3 between the blades 50 to 53 and the projecting lengths w1 to w3 of the blades. By setting hk/wk (where k = 1, 2, 3) to
an appropriate value, the supporting force of the steel pipe pile 1 including the multiple steps of blades 50 to 53 can be
increased.
[0060] Studies conducted by the inventors in this regard have shown that when hk/wk is in the range of 10 ≤ hk/wk ≤
30, the exerted supporting force is greater than a supporting force of a steel pipe pile including a pile body 3 with a
diameter equal to the blade diameter and having no blades.
[0061] This is demonstrated in Example 1 described below.

<Method for Fixing Blades>

[0062] The blades 50 to 53 are attached to the pile body 3 by welding. The fixture strength of the lowermost blade 50
is preferably set to a strength greater than the fixture strengths of the other blades 51 to 53.
[0063] The reason for this will now be described.
[0064] When a plurality steps of blades 50 to 53 are attached, the lowermost blade 50 generally exerts a greater
supporting force than those exerted by the other blades 51 to 53, although this also depends on hardness of the ground.
This is because although the blades 51 to 53 above the lowermost blade 50 mainly exert the supporting force based on
the ground around the peripheral surface of the pile, the lowermost blade 50 exerts the supporting force based on not
only the ground around the pile but also the ground below the bottom end of the pile.
[0065] The fact that the supporting force exerted by the lowermost blade 50 is greater than those exerted by the other
blades 51 to 53 is demonstrated in Example 2 described below.
[0066] During the installation, the lowermost blade 50 moves into the ground while drilling the ground, and then the
other blades 51 to 53 are inserted into the ground that has already been drilled once. Therefore, the lowermost blade
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50 also receives a large resistance during installation.
[0067] The above discussion shows that in a pile having multiple steps of blades, the lowermost blade 50 bears a
large load both during installation and exertion of the supporting force, and the other blades 51 to 53 bear smaller loads.
[0068] Accordingly, the welding specifications and the blade thickness may be set in consideration of the supporting
force and the bearing capacity during installation only for the lowermost blade 50, and the welding specifications for the
other blades 51 to 53 may be set based on a smaller bearing capacity. Thus, the weight of the weld metal and the steel
material can be reduced without affecting the workability and the supporting force, and the costs can be reduced.
[0069] The welding specifications for the lowermost blade 50 may be changed from those for the other blades 51 to
53 by, for example, performing double side fillet welding on the lowermost blade 50 while performing single side fillet
welding on the other blades 51 to 53.
[0070] The welding method is basically fillet welding, and the fixture strength is generally controlled based on the leg
length. Accordingly, the fixture strength of the lowermost blade 50 may be increased by setting the welding leg length
for the lowermost blade 50 to a length longer than those for the other blades 51 to 53 by 20% or more.
[0071] Alternatively, the lowermost blade 50 may be fixed by full penetration welding while the other blades 51 to 53
are fixed by double side fillet welding, single side fillet welding, or a combination of double side fillet welding and single
side fillet welding.
[0072] As described above, according to the present embodiment, the projecting lengths w1 to w3 of the blades 51 to
53 other than the lowermost blade 50 among the blades 50 to 53 and the intervals h1 to h3 from the blades 51 to 53 to
the blades 50 to 52 that are downwardly adjacent to the blades 51 to 53 satisfy 10 ≤ hk/wk ≤ 30 (where k = 1, 2, 3).
Accordingly, the steel pipe pile 1 having multiple steps of blades most effectively exerts the supporting force.
[0073] In addition, in the present embodiment, the fixture strength or the thickness of only the lowermost blade 50 is
increased. In other words, the fixture strengths or the thicknesses of the other blades 51 to 53 are reduced. Thus, the
costs of the blades can be reduced without affecting the supporting force and the workability.
[0074] In addition, the projecting lengths w1 to w3 of the blades 51 to 53 other than the lowermost blade 50 are equal
to each other. Therefore, the design of the supporting force and the manufacture of the steel pipe pile 1 can be simplified,
and the costs can be reduced.

Example 1

[0075] To demonstrate the effects of the present invention, a soil-layer test for determining a supporting force was
carried out by using reduced-scale models having the same ratios as those of a real pile. Test piles used as the reduced-
scale models each included a steel pipe having a diameter of 76.3 mm and a wall thickness of 2.8 mm, and the N-value
of the soil layer was 20. The test results under the conditions shown in Table 1 were compared with each other.

[0076] Fig. 6 illustrates the test results.
[0077] In Fig. 6, the horizontal axis represents the ratio (hk/wk) between the distance h between the blades and the
projecting length w of the blades, and the vertical axis represents a coefficient of skin friction β (kN/m2).
[0078] In general, the coefficient of skin friction of a steel pipe pile with no blades is assumed to be 2 (kN/m2) irrespective
of the diameter of the steel pipe. For comparison with this, a value corresponding to the coefficient of skin friction was
calculated for the piles having multiple steps of blades. More specifically, a load was applied to each reduced-scale
model, and the supporting force was measured. Then, a value obtained by dividing the supporting force by the surface
area of a cylinder having a diameter equal to the blade diameter and a length equal to the length of the pile was plotted
in the graph as a coefficient of skin friction.
[0079] As illustrated in Fig. 6, the coefficients of skin friction for Comparative Examples 1 and 2 are less than 2 (kN/m2).
In contrast, the coefficients of skin friction for Invention Examples 1 and 2, in which hk/wk is within the range of the
present invention, are greater than 2 (kN/m2), and are significantly greater than those for Comparative Examples 1 and 2.
[0080] This demonstrates that according to Invention Examples 1 and 2, in which hk/wk is within the range of the
present invention, the coefficient of skin friction can be increased, in other words, the supporting force can be increased.

[Table 1]

Number of Blades hk/wk

Comparative Example 1 5 6.3

Comparative Example 2 4 8.4

Invention Example 1 3 12.6

Invention Example 1 2 25.2
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[0081] A full-scale test was carried out to confirm that the data of the above-described model test corresponds to that
of full-scale piles. In the full-scale test, the pile diameter was 318.5 mm, the blade diameter was 1.5 times the pile
diameter, that is, 477.75 mm, the interval h between the blades was 1200 mm, the projecting length w of the blades was
79.625 mm, and hk/wk was 15.1. The result of the full-scale test is plotted with a white circle in Fig. 6. The coefficient of
skin friction is 4.762 kN/m2, which substantially matches the data of the model test. This demonstrates that the data of
the above-described model test corresponds to that of full-scale piles.

Example 2

[0082] A test was performed to confirm that the lowermost blade 50 exerts a greater supporting force than those
exerted by the other blades 51 to 53. The test will now be described.
[0083] Similarly to Example 1, the test was a soil-layer test for determining a supporting force by using a reduced-
scale model having the same ratios as those of a real pile. The N-value of the soil layer was 20. A test pile used as the
reduced-scale model included a steel pipe having a diameter of 76.3 mm and a wall thickness of 2.8 mm. The number
of blades was 3, and h/w was 12.6.
[0084] Fig. 7 shows the test results.
[0085] The vertical axis of the graph of Fig. 7 represents the load-bearing ratio obtained assuming that the load borne
by all of the blades 50 to 53 in response to a downward vertical displacement applied to the pile head is 1. The horizontal
axis represents the displacement of the pile head normalized by the blade diameter. The graph shows the load-bearing
ratio of the lowermost blade 50 and the total load-bearing ratio of two upper blades.
[0086] The load applied when the displacement is 10% of the blade diameter, which is the pile diameter, is generally
defined as the limit load. Accordingly, referring to the load-bearing ratios of the blades 5 at the pile head displacement
corresponding to the limit load (0.1), the load-bearing ratio is 0.65 for the lowermost blade 5 and 0.35 for the two upper
blades.
[0087] Thus, the load-bearing ratio of the lowermost blade 50 is large. This demonstrates that it is reasonable to
increase the fixture strength or the thickness of only the lowermost blade 50 as described above.

Reference Signs List

[0088]

1 steel pipe pile
3 pile body
50 to 53 blades
5a flat plate
w0 to w3 projecting lengths
h1 to h3 intervals to downwardly adjacent blades
p0 to p4 pitches
D outer diameter of pile body
Dw0 to Dw3 outer diameters of blades

Claims

1. An open-ended steel pipe pile comprising a pile body composed of a steel pipe with an outer diameter of φ800 mm
or less and a plurality steps of blades fixed by welding to the pile body to project from an outer periphery of the pile body,

wherein a relationship of 10 ≤ hk/wk ≤ 30 is satisfied,
where k is an integer of 1 or more,
wk is a projecting length of a (k+1)th blade of the plurality steps of blades counted from bottom, and
hk is an interval between the (k+1)th blade and another one of the plurality steps of blades that is downwardly
adjacent to the (k+1)th.

2. The steel pipe pile according to Claim 1, wherein an fixture strength of a lowermost one of the plurality steps of
blades is greater than an fixture strength of the rest of the plurality steps of blades.

3. The steel pipe pile according to Claim 1 or 2, wherein a thickness of a lowermost one of the plurality steps of blades
is greater than a thickness of the rest of the plurality steps of blades.
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4.  The steel pipe pile according to any one of Claims 1 to 3, wherein a projecting length of a lowermost one of the
plurality steps of blades is longer than a projecting length of the rest of the plurality steps of blades.
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