
1 DESCRIPTION STEEL MATERIAL FOR UNDERGROUND
CONTINUOUS WALL, METHOD FOR PRODUCING STEEL MATERIAL
FOR UNDERGROUND CONTINUOUS WALL, 5 UNDERGROUND
CONTINUOUS WALL, AND METHOD FOR CONSTRUCTING
UNDERGROUND CONTINUOUS WALL TECHNICAL FIELD [0001]
10The present invention relates to a steel material
for an underground continuous wall, a method for
producing a steel material for an underground
continuous wall, an underground continuous wall
constructed from the steel material for an underground
continuous wall, and a method for constructing an
underground continuous wall from the material for an
underground continuous wall which are widely used in
the construction of 15retaining walls and bulkhead
walls in construction and civil engineering projects.
BACKGROUND ART 20[0002] Conventionally, known types of
steel materials for an underground continuous 



wall compositely integrated by combining steel sheet
pile and H-beams, used when constructing a retaining
wall or underground continuous wall (composite sheet
pile) include (1) steel materials for an underground
continuous wall in which a linear-shaped 25steel sheet
pile or a wall-shaped steel sheet pile is secured to a
flange of the H-beam by  2 welding (for example refer
to patent document 1). Furthermore, in a known type of
steel material for an underground continuous   wall
which is more rigid than the steel material for an
underground continuous wall of (1) above, a U-shaped
steel sheet pile is combined with H-beams, 1-steel
sections, or T-steel 5 sections (for example refer to
patent documents 3 through 6). [0003] When
constructing an underground continuous wall, because
the underground continuous wall is constructed by
linking a large number of the above-described steel
sheet piles together in the horizontal direction, a
large cost is incurred. If the length dimension of 10
individual steel sheet piles in the steel material for
an underground continuous wall can be reduced, in an
underground continuous wall or retaining wall
constructed using a large number of steel sheet piles,
the weight of the steel material for the underground
continuous wall is reduced, and accordingly
transportation is easier. Furthermore, installation is
also simplified, enabling the duration of construction
work to be reduced. Consequently, an 15 underground
continuous wall can be constructed inexpensively, and
construction costs can be reduced, providing a
significant effect. For this reason, a lightweight and
inexpensive steel material for an underground
continuous wall is desired. 



[0004] In the case where the H-beam is secured into a
channel of a U-shaped steel sheet 20 pile, because the
H-beam is secured to the inside surface of the
U-shaped steel sheet pile where the flanges are
inclined at a greater angle, when the wall is driven
into the ground, a problem occurs whereby the earth
inside the channel in the U-shaped steel sheet pile
tends to become compacted, causing the channel to
become blocked. In contrast, the combination of a hat
type steel sheet pile and an H-beam forms a gentler
angle of incline 25 than the U-shaped steel sheet
pile, providing an advantage whereby the compaction of
3 earth is reduced, alleviating the problem described
above. [0005]        However, with a hat type steel
sheet pile 2 manufactured by rolling such as that
shown in FIG 10, if its dimensions are changed, large
equipment costs are incurred at the 5rolling facility.
Existing hat type steel sheet piles include the hat
type steel sheet piles 2 of the dimensions (in mm)
shown in FIG. 10 and FIG 11. In these hat type steel
sheet piles 2, flanges 5 inclined so as to spread
outward, are connected integrally to each end of a web
7, mid arm sections 3 and 4 running parallel to the
web 7 are connected integrally to the respective
flanges 5, and at the ends of the arm sections 3 and
4, joints 14 (14a and 14b) are 10 integrally formed,
giving a hat shape in cross-section. The left and
right joints 14a and 14b are point-symmetric with
respect to the center point of the central axis of the
arm sections 3 and 4, such that when the joints 14a
and 14b of adjacent hat type steel sheet piles 2 are
fitted together, the hat type steel sheet piles 2 can
be arranged upon the central axis of the 



15[0006]        An advantage of the hat type steel
sheet pile 2 is that because the hat type steel sheet
pile 2 includes the inclined flanges 5 and the arm
sections 3 and 4 at both ends thereof, the wide width
dimension of the sheet pile means that fewer sheet
piles need to be driven, allowing an inexpensive wall
to be constructed. On the other hand, there has been a
20 problem in that a hat type steel sheet pile with
high flexural rigidity cannot be manufactured
inexpensively and easily without changing the width
dimension of the sheet pile. [0007]            Patent
document 1: Japanese Unexamined Patent Application,
First Publication 25 No. S62-133209  4       Patent
document 2: Japanese Unexamined Patent Application,
First Publication No. H11-140864       Patent document
3: Japanese Unexamined Patent Application, First
Publication No. S55-68918 5Patent document 4: Japanese
Unexamined Patent Application, First Publication No.
1106-280251       Patent document 5: Japanese
Unexamined Patent Application, First Publication No.
2005-127033 



Patent document 6: Japanese Patent No. 3603793 10
DETAILED DESCRIPTION OF THE INVENTION Problems to be
Solved by the Invention [0008] In the abovementioned
background art, although the combining of U-shaped
steel 15sheet piles and H-beams is disclosed, no
disclosure is made that clarifies in specific terms
the relationship of the length dimension of then-beam
with respect to the U-shaped steel sheet pile, in
order to provide a more economical steel material for
an underground continuous wall. Furthermore, a problem
arises in that a hat type steel sheet pile with high
flexural 20 rigidity cannot be manufactured
inexpensively and easily without changing the width
dimension of the sheet pile. Therefore a more rigid
inexpensive steel material for an underground
continuous wall is desired which uses a hat type sheet
steel pile in production today or in the future. An
object of the present invention is to provide a steel
material for an 



25 underground continuous wall which exploits the
advantages of the hat type steel sheet pile  5 2 and
further incorporates an H-beam, wherein the length
dimension of the H-beam with respect to the U-shaped
steel sheet pile is defined in specific terms, to
provide a lower cost yet practical steel material for
an underground continuous wall. In other words, an
object of the present invention is to provide a steel
material for an underground continuous wall 5 which
can construct a practical retaining wall or
underground continuous wall at a lower cost. Means for
Solving the Problems [0009] The inventors of the
present invention focused on the fact that when
constructing 10 an underground continuous wall or
retaining wall using a steel material for an
underground continuous wall which incorporates an
H-beam into the hat type steel sheet pile ,there is no
rational reason why the steel material for an
underground continuous wall must have the same
cross-section along the entire vertical length. In
addition, the inventors of the present invention
considered that if crown displacement of the retaining
wall can be suppressed to 15a displacement that
results in no practical issues, an even less expensive
steel material for an underground continuous wall is
obtained, and by using such a steel material for an
underground continuous wall, a less expensive
underground continuous wall or retaining wall can be
constructed, thereby completing the present invention.
[0010] 20In order to solve the above problems, the
present invention adopts the following 



configuration.       A first aspect of the present
invention is a steel material for an underground
continuous wall equipped with a hat type steel sheet
pile having a hat-shaped vertical cross-section with
respect to the length direction thereof, and an H-beam
having an 25H-shaped vertical cross-section with
respect to the length direction thereof, wherein: the
6 hat type steel sheet pile includes a web, a pair of
flanges connected integrally to each end of the web
and inclined so as to spread outward, and a pair of
arm sections substantially parallel to the web which
are each connected integrally to one of the pair of
flanges; the H-beam includes a pair of flange sections
substantially parallel to each other, and a web
5section which connects the pair of flange sections to
each other leaving space therebetween; an outer
surface on an opposite side to a surface of one of the
pair of flanges of the H-beam which connects to the
web section is secured to an outer surface of the web,
the outer surface being on an opposite side to a
channel formed by the web and the flanges of the hat
type steel sheet pile; a dimension of the H-beam in
the length direction is shorter 10than a dimension of
the hat type steel sheet pile in the length direction;
and an overall length of the H-beam in the length
direction is arranged within the dimension of the hat
type steel sheet pile in the length direction, and a
rear end of the H-beam is located closer to a forward
end side in the length direction than a rear end of
the hat type steel sheet pile. (0011) 15Moreover, as
described below, in the present invention, when
driving the steel material for an underground
continuous wall into the ground to construct a
retaining wall or bulkhead wall or the like, the side
serving as the top end of the steel material for an
underground continuous wall when the retaining wall or
bulkhead wall or the like is in the constructed state
is clamped by a driving machine (including a clamp
(clamping section) 20 and a vibratory device), and
with the bottom end side of the steel material for an
underground continuous wall as the leading end and the
top end side of the steel material for an underground
continuous wall as the tailing end, the steel material
for an 



underground continuous wall is driven into the ground.
Accordingly, in the present invention, the forward end
of the steel material for an underground continuous
wall forms 25 the bottom end of the constructed
retaining wall or bulkhead wall or the like when a  7
retaining wall or bulkhead wall or the like is
constructed from the steel material for an underground
continuous wall, and the rear end of the steel
material for an underground continuous wall forms the
top end when a retaining wall or bulkhead wall or the
like is constructed from the steel material for an
underground continuous wall. 5[0012]       According
to the first aspect of the steel material for an
underground continuous wall, because the dimension of
the H-beam in the length direction is shorter than the
dimension of the hat type steel sheet pile in the
length direction, an inexpensive and lightweight steel
material for an underground continuous wall can be
obtained. When this 10 steel material for an
underground continuous wall is used, an economical
retaining wall or bulkhead wall or the like can be
constructed.       Furthermore, when the rear end
section of the steel material for an underground
continuous wall is clamped by the driving machine,
with a steel material for an underground continuous
wall in which the position of the rear end of the hat
type steel 15sheet pile coincides with the position of
the rear end of the H-beam in the length direction,
the hat type steel sheet pile and the H-beam are both
present at the rear end of the steel material for an
underground continuous wall which the driving machine
attempts to clamp, and the clamping of the steel
material for an underground continuous wall by the
driving machine is particularly difficult In contrast,
with the first aspect of the invention, because 20 the
rear end of the H-beam is located closer to the
forward end side in the length direction than the rear
end of the hat type steel sheet pile, only the hat
type steel sheet pile is present at the rear end of
the steel material for an underground continuous wall.
For this reason, 



the driving machine can easily clamp the rear end
section of the steel material for an underground
continuous wall For example, when only the rear end
section of the hat type 25steel sheet pile is clamped,
clamping can be performed easily without interference
from the  8 H-beam. In the construction of some
underground continuous walls, a steel material for an
underground continuous wall in which a hat type steel
sheet pile and an H-beam are integrated, and a steel
material for an underground continuous wall composed
of only a hat 5 type steel sheet pile, may be
connected to each other in an alternating manner along
the horizontal direction. As the steel material for an
underground continuous wall in which a hat type steel
sheet pile and an H-beam are integrated, if a steel
material is used in which the position of the rear end
of the hat type steel sheet pile coincides with the
position of the rear end of the H-beam in the length
direction, a special driving machine must be used to
10 drive this steel material for an underground
continuous wall into the ground. For this reason, a
need arises to perform the driving work by using both
the special driving machine, and the driving machine
normally used to drive the steel material for an
underground continuous wall composed only of the hat
type steel sheet pile, in an alternating manner, which
complicates the work immensely. In contrast, with the
first aspect of the present 15 invention, the rear end
section of the hat type steel sheet pile can be
clamped without interference from the H-beam. For this
reason, the task of installing both steel materials
can be performed using only the driving machine
normally used to drive the hat type steel sheet pile,
which simplifies the driving work. [0013] 20In the
steel material for an underground continuous wall
according to the first 



aspect, a position of a forward end of the hat type
steel sheet pile may coincide with a position of a
forward end of the H-beam in the length direction. In
this case, the effects described for the first aspect
of the steel material for an underground continuous
wall are obtained in the same manner. 25[0014]  9
A separation length between the rear end of the hat
type steel sheet pile and the rear end of the H-beam
may be not more than 50% of a wall height from a
planned ground level to a ground surface in a
retaining wall constructed from the steel material for
an underground continuous wall. 5When the steel
material for an underground continuous wall is used as
the steel material in a retaining wall on which the
earth pressure acts from one side, even lithe earth
pressure acts to displace the crown of the retaining
wall in the earth pressure acting direction, the
displacement can be suppressed to not more than a 10%
increase from the crown displacement Y (that is, not
more than 110% of the crown displacement Y) 10
designated by design for when a steel material for an
underground continuous wall which includes a hat type
steel sheet pile and an H-beam of equal lengths welded
together along the entire length thereof is used. As a
result, a steel material for an underground continuous
wall which is sufficiently rigid, as well as
inexpensive and lightweight can be obtained.
15Furthermore, as described in the experimental
results below, it is apparent that if 



the separation length between the rear end of the hat
type steel sheet pile and the rear end of the H-beam
exceeds 50% of the wall height from the planned ground
level to the ground surface in a retaining wall
constructed from the steel material for an underground
continuous wall, crown displacement increases rapidly.
In contrast, if the separation 20 length between the
rear end of the hat type steel sheet pile and the rear
end of the H-beam is not more than 50% of the wall
height from the planned ground level to the ground
surface in a retaining wall constructed from the steel
material for an underground continuous wall, the rate
of increase of crown displacement is kept low. In this
manner, when the separation length is not more than
50% of the wall height, compared to a case where the
separation 25 length exceeds 50% of the wall height,
the steel material for an underground continuous  10
wall is sufficiently rigid, and is also inexpensive
and lightweight. [0015]        A separation length
between the rear end of the hat type steel sheet pile
and the rear end of the H-beam may be not less than
10% and not more than 50% of a wall height 5 from a
planned ground level to a ground surface in the
retaining wall constructed from the steel material for
an underground continuous wall.        In this case,
when the steel material for an underground continuous
wall is used as the steel material in a retaining wall
on which the earth pressure acts from one side, even
if the earth pressure acts to displace the crown of
the retaining wall in the earth pressure 10 acting
direction, the displacement can be suppressed to not
more than a 10% increase from the crown displacement Y
(that is, not more than 110% of the crown displacement
Y) designated by design for when a steel material for
an underground continuous wall which includes a hat
type steel sheet pile and an H-beam of equal lengths
welded together along the entire length thereof is
used. As a result, a steel material for an underground
15continuous wall which is sufficiently rigid can be
obtained. Furthermore, because the 



separation length is not less than 10% of the wall
height, the economic benefits are great, enabling an
inexpensive and lightweight steel material for an
underground continuous wall to be obtained. [0016] 20A
separation length between the rear end of the hat type
steel sheet pile and the rear end of the H-beam may be
not more than 30% of a wall height from a planned
ground level to a ground surface in a retaining wall
constructed from the steel material for an underground
continuous wall. In this case, as is apparent from the
experimental results given below, 25 substantially the
same crown displacement can be maintained as when a
steel material for  11 an underground continuous wall
which includes a hat type steel sheet pile and an
H-beam of equal lengths welded together along the
entire length thereof is used. As a result a steel
material for an underground continuous wall which is
sufficiently rigid can be obtained. [0017] 5A forward
end of the H-beam may be located closer to a rear end
side than a forward end of the hat type steel sheet
pile in the length direction.       In this case, as
is apparent from the experimental results given below,
compared to configurations in which only the forward
end of the H-beam is located closer to the rear end
side than the forward end of the hat type steel sheet
pile, and configurations in which 10 only the rear end
of the H-beam is located closer to the forward end
side than the rear end of the hat type steel sheet
pile, even though the cut length of the H-beam (the
sum of the cut length of the forward end of the H-beam
and the cut length of the rear end of the H-beam) is
increased, an acceptable level of rigidity can be
maintained. Accordingly, compared to the two
configurations mentioned above, costs can be further
reduced, and workability can 



15 be improved due to the lighter weight. [0018]
A separation length between the rear end of the hat
type steel sheet pile and the rear end of the H-beam
may be not more than 50% of a wall height from a
planned ground level to a ground surface in a
retaining wall constructed from the steel material for
an 20 underground continuous wall; and a separation
length between the forward end of the hat type steel
sheet pile and the forward end of the H-beam may be
not more than 30% of an overall length of the steel
material for an underground continuous wall in the
length direction.            In this case, as is
apparent from the experimental results given below,
when the 25steel material for an underground
continuous wall is used as the steel material in a
retaining  12 wall on which the earth pressure acts
from one side, even if the earth pressure acts to
displace the crown of the retaining wall in the earth
pressure acting direction, the displacement can be
suppressed to not more than a 10% increase from the
crown displacement Y (that is, not more than 110% of
the crown displacement Y) designated by 5 design for
when a steel material for an underground continuous
wall which includes a hat type steel sheet pile and an
H-beam of equal lengths welded together along the
entire length thereof is used. As a result, a steel
material for an underground continuous wall which is
sufficiently rigid, as well as inexpensive and
lightweight can be obtained. Furthermore, as described
in the experimental results below, it is apparent that
if 10 the separation length between the rear end of
the hat type steel sheet pile and the rear end of the
H-beam exceeds 50% of the wall height from the planned
ground level to the ground surface in a retaining wall
constructed from the steel material for an underground
continuous wall, and the separation length between the
forward end of the hat type steel sheet pile and the
forward end of the H-beam exceeds 30% of the overall
length of the steel 



15 material for an underground continuous wall in the
length direction, crown displacement increases
rapidly. In contrast, if the separation length between
the rear end of the hat type steel sheet pile and the
rear end of the H-beam is not more than 50% of the
wall height from the planned ground level to the
ground surface in the retaining wall constructed from
the steel material for an underground continuous wall,
and the separation length between 20 the forward end
of the hat type steel sheet pile and the forward end
of the H-beam is not more than 30% of the overall
length of the steel material for an underground
continuous wall in the length direction, the rate of
increase of crown displacement is kept low. In this
manner, compared to other cases, the steel material
for an underground continuous wall has sufficient
rigidity, and is inexpensive and lightweight. 25[0019]
13       A separation length between the rear end of
the hat type steel sheet pile and the rear end of the
H-beam may be not less than 10% and not more than 50%
of a wall height from a planned ground level to a
ground surface in a retaining wall constructed from
the steel material for an underground continuous wall;
and a separation length between the 5 forward end of
the hat type steel sheet pile and the forward end of
the H-beam may be not less than 5% and not more than
30% of the overall length of the steel material for an
underground continuous wall in the length direction.
In this case, because the separation length between
the rear end of the hat type steel sheet pile and the
rear end of the H-beam is not more than 50% of the
wall height, and 10 the separation length between the
forward end of the hat type steel sheet pile and the
forward end of the H-beam is not more than 30% of the
overall length, when the steel material for an
underground continuous wall is used as the steel
material in a retaining wall on which the earth
pressure acts from one side, even if the earth
pressure acts to displace the crown of the retaining
wall in the earth pressure acting direction, the
displacement can 15 be suppressed to not more than a
10% increase from the crown displacement Y (that is,
not more than 110% of the crown displacement Y)
designated by design for when a steel material for an
underground continuous wall which includes a hat type
steel sheet pile and an H-beam of equal lengths welded
together along the entire length thereof is used. As a
result, a steel material for an underground continuous
wall which is sufficiently rigid, as 20 well as
inexpensive and lightweight can be obtained.
Furthermore, because the separation length between the
rear end of the hat type steel sheet pile and the rear
end of the H-beam is not less than 10%, and the
separation length between the forward end of the hat
type steel sheet pile and the forward end of the
H-beam is not less than 5%, the economic benefits are
great, enabling an inexpensive and lightweight steel
material for an underground 25 continuous wall to be
obtained.  



14 [0020]       A separation length between the rear
end of the hat type steel sheet pile and the rear end
of the H-beam may be not less than 500 min. Normally,
the length of the rear end section of the steel
material for an 5 underground continuous wall clamped
by the driving machine is not more than 500 mm.
Accordingly, the H-beam is not present in the area
clamped by the driving machine, and the driving
machine can easily clamp the rear end of the steel
material for an underground continuous wall (the rear
end section of the hat type steel sheet pile) to
perform the driving work. 10[0021] A second aspect of
the present invention is a steel material for an
underground continuous wall equipped with a hat type
steel sheet pile having a hat-shaped vertical
cross-section with respect to the length direction
thereof, and an H-beam having an H-shaped vertical
cross-section with respect to the length direction
thereof, wherein; the 15 hat type steel sheet pile
includes a web, a pair of flanges connected integrally
to each end of the web and inclined so as to spread
outward, and a pair of arm sections substantially
parallel to the web which are each connected
integrally to one of the pair of flanges; the H-beam
includes a pair of flange sections substantially
parallel to each other, and a web section which
connects the pair of flange sections to each other
leaving space 20 therebetween; an outer surface on an
opposite side to a surface of one of the pair of
flanges of the H-beam which connects to the web
section is secured to an outer surface of the web, the
outer surface being on an opposite side to a channel
formed by the web and flanges of the hat type steel
sheet pile; a dimension of the H-beam in the length
direction is shorter than a dimension of the hat type
steel sheet pile in the length direction, and an
overall 25 length of the H-beam in the length
direction is arranged within the dimension of the hat
15 



type steel sheet pile in the length direction; a
position of a rear end of the hat type steel sheet
pile coincides with a position of a rear end of the
H-beam in the length direction; a forward end of the
H-beam is located closer to a rear end side in the
length direction than a forward end of the hat type
steel sheet pile; and a separation length between the
forward 5 end of the hat type steel sheet pile and the
forward end of the H-beam is not more than 35% of an
overall length of the steel material for the
underground continuous wall in the length direction.
In the steel material for an underground continuous
wall according to the second aspect of the present
invention, as is apparent from the experimental
results given below, 10 when the steel material for an
underground continuous wall is used as the steel
material in a retaining wall on which the earth
pressure acts from one side, even if the earth
pressure acts to displace the crown of the retaining
wall in the earth pressure acting direction, the
displacement can be suppressed to not more than a 10%
increase from the crown displacement Y (that is, not
more than 110% of the crown displacement Y) designated
by 15 design for when a steel material for an
underground continuous wall which includes a hat type
steel sheet pile and an H-beam of equal lengths welded
together along the entire length thereof is used. As a
result, a steel material for an underground continuous
wall which is sufficiently rigid, as well as
inexpensive and lightweight can be obtained.
Furthermore, as described in the experimental results
given below, it is apparent 20 that if the separation
length between the forward end of the hat type steel
sheet pile and the forward end of the H-beam exceeds
35% of the overall length of the steel material for an
underground continuous wall in the length direction,
crown displacement increases rapidly. In contrast, if
the separation length between the forward end of the
hat type steel sheet pile and the forward end of the
H-beam is not more than 35% of the overall length of
the steel 25 material for an underground continuous
wall in the length direction, the rate of increase of
16 crown displacement is kept low. In this manner,
when the separation length is not more than 35% of the
overall length, compared to when the separation length
exceeds 35% of the overall length, the steel material
for an underground continuous wall is sufficiently
rigid, and is also inexpensive and lightweight.
5[0022] 



In the second aspect of the steel material for an
underground continuous wall of the present invention,
the separation length between the forward end of the
hat type steel sheet pile and the forward end of the
H-beam may be not less than 5% of an overall length of
the steel material for an underground continuous wall
in the length direction. 10In this case, the economic
benefits are great, enabling an inexpensive and
lightweight steel material for an underground
continuous wall to be obtained. [0023]          The
separation length between the forward end of the hat
type steel sheet pile and the forward end of the
H-beam may be not more than 20% of an overall length
of the steel 15 material for an underground continuous
wall in the length direction.       In this case, as
is apparent from the experimental results given below,
substantially the same crown displacement can be
maintained as when a steel material for an underground
continuous wall is used which includes a hat type
steel sheet pile and an H-beam of equal lengths welded
together along the entire length. As a result, a steel
20 material for an underground continuous wall which
is sufficiently rigid can be obtained. [0024]       A
first aspect of a method for producing a steel
material for an underground continuous wall of the
present invention includes: preparing a hat type steel
sheet pile having a hat-shaped vertical cross-section
with respect to the length direction thereof, and 25
an H-beam having a H-shaped vertical cross-section
with respect to the length direction  17 thereof, in
which the hat type steel sheet pile includes a web, a
pair of flanges connected integrally to each end of
the web and inclined so as to spread outward, and a
pair of arm sections substantially parallel to the web
which are each connected integrally to one of the pair
of flanges, the H-beam includes a pair of flange
sections substantially parallel to each 5 other, and a
web section which connects the pair of flange sections
to each other leaving space therebetween, and a
dimension of the H-beam in the length direction is
shorter than a dimension of the hat type steel sheet
pile in the length direction; arranging an overall
length of the H-beam in the length direction within
the dimension of the hat type steel sheet pile in the
length direction, and in a condition with a rear end
of the H-beam arranged so as 



10 to be positioned closer to a forward end side in
the length direction than a rear end of the hat type
steel sheet pile; contacting an outer surface on an
opposite side to a surface of one of the pair of
flange sections of the H-beam which connects to the
web section, with an outer surface of the web, the
outer surface being on the opposite side to a channel
formed by the web and the flanges of the hat type
steel sheet pile; and securing the web of the hat 15
type steel sheet pile and the flange section of the
H-beam which contact each other, to each other by
welding.       According to the first aspect of a
method for producing a steel material for an
underground continuous wall of the present invention,
an inexpensive and lightweight steel material for an
underground continuous wall according to the first
aspect of the 20 present invention can be produced.
[0025]       In the first aspect of a method for
producing a steel material for an underground
continuous wall of the present invention, a position
of a forward end of the hat type steel sheet pile may
be arranged so as to coincide with a position of a
forward end of the H-beam 25in the length direction.
18 [0026]       A forward end of the H-beam may be
arranged so as to be positioned closer to a rear end
side than a forward end of the hat type steel sheet
pile in the length direction. [0027] 5A second aspect
of a method for producing a steel material for an
underground continuous wall of the present invention
includes: preparing a hat type steel sheet pile having
a hat-shaped vertical cross-section with respect to
the length direction thereof, and an H-beam having a
H-shaped vertical cross-section with respect to the
length direction thereof, in which the hat type steel
sheet pile includes a web, a pair of flanges connected



10 integrally to each end of the web and inclined so
as to spread outward, and a pair of arm sections
substantially parallel to the web which are each
connected integrally to one of the pair of flanges,
the H-beam includes a pair of flange sections
substantially parallel to each other, and a web
section which connects the pair of flange sections to
each other leaving space therebetween, and a dimension
of the H-beam in the length direction is shorter by 15
not more than 35% of an overall length of the steel
material for an underground continuous wall in the
length direction, than a dimension of the hat type
steel sheet pile in the length direction; arranging an
overall length of the H-beam in the length direction
within the dimension of the hat type steel sheet pile
in the length direction, and coinciding a position of
a rear end of the hat type steel sheet pile with a
position of a rear end of the H-beam in 20 the length
direction, and in a condition with a forward end of
the H-beam arranged so as to be positioned closer to a
rear end side in the length direction than the forward
end of the hat type steel sheet pile; contacting an
outer surface on an opposite side to a surface of one
of the pair of flange sections of the H-beam which
connects to the web section, with an outer surface of
the web, the outer surface being on an opposite side
to a channel formed by the 25 web and flanges of the
hat type steel sheet pile; and securing the web of the
hat type steel  19 sheet pile and the flange section
of the H-beam which contact each other, to each other
by welding. According to the second aspect of a method
for producing a steel material for an underground
continuous wall of the present invention, an
inexpensive and lightweight 5 steel material for an
underground continuous wall according to the second
aspect of the present invention can be produced.
[0028]       In the second aspect of a method for
producing a steel material for an underground
continuous wall of the present invention, a dimension
of the H-beam in the length direction 10 may be
shorter by not more than 20% of an overall length of
the steel material for an underground continuous wall
in the length direction, than a dimension of the hat
type steel sheet pile in the length direction. 



[0029] An underground continuous wall of the present
invention is constructed using a 15 plurality of steel
materials for an underground continuous wall of the
present invention.       A method for constructing an
underground continuous wall of the present invention
uses a plurality of steel materials for an underground
continuous wall of the present invention. Effects of
the Invention 20[0030]       According to the present
invention, an inexpensive and lightweight steel
material for an underground continuous wall is
obtained, and by using this steel material for an
underground continuous wall, an economically favorable
retaining wall or bulkhead wall can be constructed.
20 BRIEF DESCRIPTION OF THE DRAWINGS [0031]       FIG.
lA is a plan view showing a state in which steel
materials for an underground continuous wall according
to the first through third aspects of the present
invention are 



5 engaged in a parallel arrangement.       FIG 1B is a
side view of a steel material for an underground
continuous wall according to a first aspect of the
present invention.       FIG 1C is a side view of a
steel material for an underground continuous wall
according to a second aspect of the present invention.
10FIG ID is a side view of a steel material for an
underground continuous wall according to a third
aspect of the present invention. FIG. 2 is a plan view
showing the rear end side of the steel material for an
underground continuous wall according to an embodiment
of the present invention. FIG. 3A is a figure showing
a state in which a hat type steel sheet pile and an 15
H-beam are in contact, in a method for producing a
steel material for an underground continuous wall
according to an embodiment of the present invention.
FIG. 311 is a figure showing a state in which a hat
type steel sheet pile and an H-beam are joined by
welding, in a method for producing a steel material
for an underground continuous wall according to an
embodiment of the present invention. 20 FIG. 4 is a
figure showing a state in which a steel material for
an underground continuous wall according to an aspect
of the present invention is driven by a driving
machine.          FIG 5 is a longitudinal side view of
a case where the steel material for an underground
continuous wall of the embodiments of the present
invention are used as a 25 retaining wall, used to
explain the relationship between the dimensions of the
steel material 



21 for an underground continuous wall and crown
displacement.       FIG 6 is a diagram showing the
relationship between the ratio between the cut length
of the rear end of the H-beam and the wall height
(truncated length A / wall height H) and crown
displacement, for the case where the steel material
for an underground 5 continuous wall of the first
embodiment of the present invention is used to
construct a retaining wall.       FIG. 7 is a figure
showing the relationship between the ratio between the
cut length of the rear end of the H-beam and the
overall length of the hat type steel sheet pile
(truncated length B / overall sheet pile length) and
crown displacement, for the case where 10 the steel
material for an underground continuous wall of the
second embodiment of the present invention is used to
construct a retaining wall.       FIG 8 is a figure
showing the relationship between the ratio between the
cut length of the rear end of the H-beam and the wall
height (truncated length A/ wall height H) and crown
displacement when the location of the forward end is
constant, for the case 15 where the steel material for
an underground continuous wall of the third embodiment
of the present invention is used to construct a
retaining wall.       FIG 9 is a figure showing the
relationship between the ratio between the cut length
of the front end of the H-beam and the overall length
of the hat type steel sheet pile (truncated length B /
overall sheet pile length) and crown displacement when
the location 20 of the rear end is constant, for the
case where the steel material for an underground
continuous wall of the third embodiment of the present
invention is used to construct a retaining wall. FIG
10 is a plan view showing an aspect of a conventional
hat type steel sheet 



pile. 25FIG 11 is a plan view showing another aspect
of a conventional hat type steel  22 sheet pile.
Description of the Reference Symbols [0032] 1 Steel
material for an underground continuous wall, 2 Hat
type steel sheet'pile, 3 Ann 5section of hat type
steel sheet pile, 4 Arm section of hat type steel
sheet pile, 5 Flange of hat type steel sheet pile, 6
H-beam, 6a One flange of H-beam, 6a1 Joining surface
of one flange of H-beam, 6b Other flange of H-beam, 6c
Web section of H-beam, 7 Web of hat type steel sheet
pile, 8 Retaining wall, 9 Ground surface, 10 Planned
ground level, 11 Virtual ground level, 12; 12b
(hooves, 13 Engagement claw section, 14, 14a and 14b
10 joints, 15 Driving machine, 16 Clamp, 17 Vibratory
device, 18 Rear end of hat type steel sheet pile, 19
Forward end of hat type steel sheet pile, 20 Rear end
of H-beam, 21 Forward end of H-beam, 71 Joining
surface of web of hat type steel sheet pile, A
Separation length between rear end of hat type steel
sheet pile and rear end of H-beam, B Separation length
between forward end of hat type steel sheet pile and
forward end of 15H-beam, C High-rigidity section of
cross-section in which hat type steel sheet pile and 



H-beam are integrated, D Channel formed in hat type
steel sheet pile by web and flanges BEST MODE FOR
CARRYING OUT THE INVENTION [0033) 20The present
invention is described in detail based on the
embodiments shown in the drawings.       First, the
basic form of a steel material for an underground
continuous wall 1 used in the present invention is
described with reference to FIG lA through FIG 1D, and
FIG 2. [0034] 25The steel material for an underground
continuous wall 1 of the present invention  23
combines a hat type steel sheet pile 2 with an H-beam
6 shorter than the hat type steel sheet pile 2 in the
length direction, and adopts a special configuration
in which the H-beam 6 is arranged so as to be within
the length dimension of the hat type steel sheet pile
2. The hat type steel sheet pile 2 and the H-beam 6
are both rolled steel products produced by a hot
5rolling process. [0035]       In the present
invention, as shown in FIG 4, when the steel material
for an underground continuous wall 1 is driven into
the ground to construct a retaining wall or bulkhead
wall or the like, the top end of the steel material
for an underground continuous 



10 wall 1 forming part of the retaining wall or
bulkhead wall or the like is clamped by a driving
machine 15 (including a clamp (clamping section) 16
and a vibratory device 17). Moreover, with the bottom
end side of the steel material for an underground
continuous wall 1 as the leading end and the top end
side of the steel material for an underground
continuous wall 1 as the tailing end, the steel
material for an underground continuous wall 15I moves
in the underground direction S, thereby driving the
steel material for an underground continuous wall 1
underground. Accordingly, in the present invention,
the forward end of the steel material for an
underground continuous wall 1 is the bottom end when a
retaining wall or bulkhead wall or the like is
constructed from the steel material for an underground
continuous wall 1, and the rear end of the steel
material for an 20 underground continuous wall 1 is
the top end when a retaining wall or bulkhead wall or
the like is constructed from the steel material for an
underground continuous wall I. [0036] Furthermore, as
shown in FIG. 2, normally, a groove 12a in one joint
14a of the hat type steel sheet pile 2, and a groove
12b in the other joint 14b of the hat type steel sheet
pile 25 2, each open on the opposite side to the other
in the length direction of the steel material for  24
an underground continuous wall 1 (the height direction
of the retaining wall constructed using the steel
material for an underground continuous wall 1).
Consequently, when a plurality of steel materials for
an underground continuous wall 1 are lined up along
the longitudinal direction of the arm sections 3 and
4, the joints 14a and 14b of adjacent hat 5type steel
sheet piles 2 are able to engage with each other. If,
when constructing a retaining wall or the like from
steel materials for an underground continuous wall 1,
an attempt is made to install a steel material for an
underground continuous wall 1 upside down, the joints
14a and 14b of the upside-down steel material for an
underground continuous wall 1 do not engage with those
of the adjacent steel materials for an underground
continuous 



10 wall 1, and the plurality of steel materials for an
underground continuous wall 1 cannot be connected to
each other. For these and other reasons, during the
construction stage of the underground continuous wall,
the forward end and rear end of the steel material for
an underground continuous wall 1 can be clearly
ascertained. [00371 15In the steel material for an
underground continuous wall 1 according to a first
embodiment, as shown in FIG 1B, in the length
direction, the position of the forward end 19 of the
hat type steel sheet pile 2 coincides with the
position of the forward end 21 of the H-beam 6, and
the position of the rear end 20 of the H-beam 6 is
located closer to the forward end side than the
position of the rear end 18 of the hat type steel
sheet pile 2. In 20 other words, this gives a steel
material for an underground continuous wall 1 in which
the rear end 20 side of the H-beam 6 is cut short.
This steel material for an underground continuous wall
I, in transverse cross-section, is a steel material
that includes both transverse cross-sections of a
hat-shaped transverse cross-section composed only of
the hat type steel sheet pile 2, and a composite
cross-section composed of the hat type steel sheet 25
pile 2 and the H-beam 6. More specifically, when the
steel material for an underground  25 continuous wall
1 is used as a wall material in a retaining wall, the
dimensional difference (A) between the position of the
rear end 18 of the hat type steel sheet pile 2 and the
position of the rear end 20 of the H-beam 6 in the
steel material for an underground continuous wall 1 is
not more than 50% of a wall height H (refer to FIG 5)
from the planned ground level 510 to the ground
surface 9 in a retaining wall 8 constructed from the
steel material for an underground continuous wall 1,
and the H-beam 6 is cut short by the equivalent of the
dimensional difference (A). In this embodiment, the
relationship between the wall height H, the length
dimension Li of the hat type steel sheet pile 2, and
the length dimension L2 of the H-beam 



10 6 satisfies H x 0.50 (L1 - L2). This (LI - L2) is
the length A of the portion of the steel material for
an underground continuous wall 1 at the rear end side
which has a cross-section composed only of the hat
type steel sheet pile 2. [0038] Accordingly, in this
embodiment, from partway along the steel material for
an 15 underground continuous wall 1 to the forward end
side, a high rigidity section C of a cross-section in
which the hat type steel sheet pile 2 and the H-beam 6
are integrated is formed. In the figure, reference
symbol 6a indicates one flange section of the H-beam
6, reference symbol 6b indicates the other flange
section of the H-beam 6, and reference symbol 6c
indicates the web section of the H-beam 6. 20 [0039]
Furthermore, in a second embodiment shown in FIG. 1A,
FIG 1C, and FIG. 2, the position of the rear end 18 of
the hat type steel sheet pile 2 coincides with the
position of the rear end 20 of the H-beam 6 in the
length direction, and the forward end 21 of the H-beam
6 is located closer to the rear end side than the
forward end 19 of the hat type steel 25 sheet pile 2.
In other words, in the steel material for an
underground continuous wall 1, the  26  forward end 21
side of the H-beam 6 is cut short. More specifically,
the H-beam 6 is cut short so that in the steel
material for an underground continuous wall 1, the
dimensional difference (B) between the forward end 19
position of the hat type steel sheet pile 2 and the
forward end 21 position of the H-beam 6 is not more
than 35% of the overall length of the 5 steel material
for the underground continuous wall I. Accordingly, in
this embodiment, from partway along the steel material
for an underground continuous wall 1 to the top side,
a high rigidity section C with an integrated
cross-section of the hat type steel sheet pile 2 and
the H-beam 6 is formed. In this embodiment, the
relationship between the length dimension Ll of the
hat 10 type steel sheet pile 2 and the length
dimension L2 of the H-beam 6 satisfies Li x 0.35 a.
(L1 - L2). This (Li - L2) is the length B of the
portion of the steel material for an underground
continuous wall 1 at the front end side which has a
cross-section composed only of the hat type steel
sheet pile 2. 



[0040] 15In addition, in a third embodiment shown in
FIG IA, FIG 1D, and FIG 2, the position of the rear
end 20 of the H-beam 6 is located closer to the
forward end side than the position of the rear end 18
of the hat type steel sheet pile 2, and the position
of the forward end 21 of the H-beam 6 is located
closer to the rear end side than the position of the
forward end 19 of the hat type steel sheet pile 2. In
other words, in the steel material for 20 an
underground continuous wall 1, the rear end 20 and the
forward end 21 of the fl-beam 6 are cut short. More
specifically, the forward end 21 side of the H-beam 6
is cut short so that the dimensional difference (B)
between the position of the forward end 19 of the hat
type steel sheet pile 2 and the position of the
forward end 21 of the H-beam 6 in the steel material
for an underground continuous wall 1 is not more than
30% of the overall length 25 of the steel material for
an underground continuous wall 1. Furthermore, the
rear end 20  27 side of the H-beam 6 is cut short so
that the dimensional difference (A) between the
position of the rear end 18 of the hat type steel
sheet pile 2 and position of the rear end 20 of the
H-beam 6 is not more than 50% of the wall height H.
Accordingly, in this embodiment, a central portion not
including the top and bottom ends of the steel
material 5 for an underground continuous wall 1 forms
a high rigidity section C of a cross-section in which
the hat type steel sheet pile 2 and one of the flanges
6a of the H-beam 6 are integrated.        In this
embodiment, the relationship between the length
dimension LI of the hat type steel sheet pile 2 (the
overall length of the steel material for an
underground 10 continuous wall 1), the length
dimension L2 of the H-beam 6, the length A of the
portion at the rear end side of the steel material for
an underground continuous wall 1 with a cross-section
composed only of the hat type steel sheet pile 2, and
the length B of the portion at the forward end side of
the steel material for an underground continuous wall
1 with a cross-section composed only of the hat type
steel sheet pile 2, satisfies A+ B = Ll - 15L2, also
satisfies A H x 0.50, and further satisfies B Ll x
0.30. [0041] 



As described above, in the hat type steel sheet pile 2
of the respective embodiments, the joints 14a and 14b
are integrally formed on the arm sections 3 and 4 at
the end of the hat type steel sheet pile 2
manufactured by a hot rolling process. At the end 20
of one of the arm sections 3 located on the upper left
on the page, a groove-shaped joint 14a is provided
which opens facing upward and includes a groove 12a,
which opens towards the top of the drawing (upward on
the page) in the opposite direction to the H-beam 6
side, and an engagement claw section 13. Moreover at
the end of the other of the arm sections 4 located at
the upper right on the page, a groove-shaped joint 14b
is provided which opens 25 facing downward and
includes a groove 12b, which opens towards the bottom
of the  28 drawing (downward on the page) in the
direction of the H-beam 6, and an engagement claw
section 13. [0042] With regard to the first to third
embodiments described above, whether or not a 5 more
economical steel material for an underground
continuous wall 1 can be realized without encountering
practical problems was investigated. Specifically,
when constructing the retaining wall 8 as shown in FIG
5, in order to suppress crown displacement (top end
(rear end) displacement) of the steel material for an
underground continuous wall 1 to not more than a 10%
increase from the crown displacement Y (that is, 10
not more than 110% of the crown displacement Y)
designated by design for when a steel material for an
underground continuous wall which includes a hat type
steel sheet pile and an H-beam of equal lengths welded
together along the entire length thereof is used, the
dimensions of the steel material for an underground
continuous wall 1 were considered as follows. For each
embodiment, framed structural analysis was performed
in which various 15 N-values of ground and wall
heights H were changed, and graphs of crown
displacement as show in FIG. 6 to FIG 9 were created.
[0043] The main dimensions in FIG. 5 are as follows: 



(1) The wall height H is the height dimension from a
planned ground level (the 20 bottom surface after
earth is excavated) 10 to a ground surface 9       (2)
EL is the height dimension from a virtual ground level
(in FIG 5, the ground level at the height where the
same earth pressure is applied to the steel material
for an underground continuous wall 1 by the earth on
the right side of the steel material for an
underground continuous wall 1 and the earth on the
left side of the steel material for an 25 underground
continuous wall 1) 11 to the planned ground level 10
29       (3) The penetration depth L is the height
dimension from the virtual ground level 11 to the
forward end 19 of the hat type steel sheet pile 2
[0044] Regarding the steel material for an underground
continuous wall 1 of the first 5 embodiment shown in
FIG. 1B, more specifically, when used as a retaining
wall 8 with the configuration shown in FIG 5, in a
case where a load of 101(1?1/m2 per unit area is
applied to the ground surface 9, to what practical
extent the length dimension of the rear end 20 side of
the H-beam 6 can be cut with respect to the wall
height H was investigated by the framed structural
analysis. The obtained results are shown in FIG. 6.
10In a case where a steel material for an underground
continuous wall which includes a hat type steel sheet
pile and an H-beam of equal lengths welded together
along the entire length thereof (the conventional
steel material for an underground continuous wall
having the cross-section shown in FIG 2 along the
entire length) is used, the maximum value of the crown
displacement is set at 0.05 m [50 mm]. For this
reason, the 15 ordinarily used conventional steel
material for an underground continuous wall is
designed to exhibit a crown displacement Y of not more
than 40 mm to 45 nun. Accordingly, by designing the
steel material for an underground continuous wall so
that crown displacement is within a range not
exceeding 10% more than the crown displacement Y (45
mm) designated in the design of the conventional steel
material for an underground 20 continuous wall, crown
displacement is suppressed to not more than 50 mm. For
this reason, the design of the steel material for an
underground continuous wall is simplified, 



and there is no particular practical impediment to
using such a steel material for an underground
continuous wall as the retaining wall 8. Thus in the
present invention, the crown displacement is set to
not more than a 10% increase from the crown
displacement Y 25[in] designated in the design of the
conventional steel material for an underground  30
continuous wall. [0045]       In FIG. 6, the
horizontal axis shows, in dimensionless form, the
ratio (truncated length A [m] / wall height H Ern])
between the cut length (truncated length A [m]) of the
5 rear end 20 of the H-beam 6 and the wall height H
[in]. The vertical axis shows, in dimensionless form,
the ratio (crown displacement when H-steel truncated /
crown displacement when entire length welded) between
the crown displacement for a combination of an H-beam
6 with a cut rear end 20 side and a hat type steel
sheet pile 2 (described in the graph as "crown
displacement when H-steel truncated"), and the crown
10 displacement for an H-beam 6 and hat type steel
sheet pile 2 of equal length welded together along the
entire lengths thereof (described in the graph as
"crown displacement when entire length welded"), that
is, increasing rate (nondimensional) of crown
displacement As shown by the relationship between the
proportion of the cut dimension A [m] of the rear end
20 side of the H-beam, and the added proportion of
crown displacement, 15 in each case, in order to keep
the added proportion of crown displacement to not more
than 10%, as shown by the vertical dashed line,
cutting can be performed to not more than 50% of the
wall height H.       Furthermore it is apparent that
if the separation length (A) between the rear end 18
of the hat type steel sheet pile 2 and the rear end 20
of the H-beam 6 exceeds 50% of the 20 wall height H
from the planned ground level 10 to the ground surface
9 in the retaining wall 8 constructed from the steel
material for an underground continuous wall 1, crown
displacement increases rapidly. In contrast, if the
separation length (A) between the rear end 18 of the
hat type steel sheet pile 2 and the rear end 20 of the
H-beam 6 is not more than 50% of the wall height H
from the planned ground level 10 to the ground surface
9 in the 



25 retaining wall 8 constructed from the steel
material for an underground continuous wall 1,  31 the
rate of increase of crown displacement is kept low. In
this manner, when the separation length (A) is not
more than 50% of the wall height H, compared to when
the separation length (A) exceeds 50% of the wall
height H, the steel material for an underground
continuous wall 1 is sufficiently rigid, and is also
inexpensive and lightweight.  5 In addition, as shown
in FIG 6, if the rear end 20 side of the H-beam 6 is
cut to not more than 30% of the wall height H,
approximately the same crown displacement as when a
steel material for an underground continuous wall
including a hat type steel sheet pile and an H-beam of
equal lengths welded together along the entire length
thereof is used can be maintained, and a steel
material for an underground continuous wall which has
sufficient 10 rigidity can be obtained. [0046]
Accordingly, the H-beam 6 can be cut to a length
exceeding 0% of the wall height H but no more than 50%
of the wall height H. For example, when cutting up to
10% of the wall height H from the H-beam 6, at a wall
height H of 5.5 m, 0.55 m of the H-beam 6 can 15 be
cut, and at a wall height of 6.0 m, 0.6 m of the
H-beam 6 can be cut, resulting in an inexpensive
H-beam. When cutting up to 50% of the wall height H
from the H-beam 6, at a wall height H of 5.5 in, 2.75
m of the H-beam 6 can be cut, and at a wall height of
6.0 m, 3.0 m of the H-beam 6 can be cut, which allows
the use of a significantly less expensive H-beam 6 and
results in an inexpensive steel material for an
underground continuous wall  20 1. Furthermore, also
apparent is that at not more than 30% of the wall
height H, there is little variation in the added
proportion of crown displacement, and a member is
obtained which is similar to a steel material for an
underground continuous wall in which the hat type
steel sheet pile 2 and the H-beam 6 have the same
length dimension.             Moreover, in the graphs
of FIG 6 described above and FIG 7 to FIG. 9 described
25 below, a case where the N-values of ground is 10
and the wall height His 5.5 m is indicated  



32 by a black circle, a case where the N-values of
ground is 20 and the wall height H is 5.5 m is
indicated by a white circle, a case where the N-values
of ground is 5 and the wall height H is 5.5 m is
indicated by a white square, and a case where the
N-values of ground is 10 and the wall height H is 6.0
m is indicated by a black square. 5Here, the N value
is a value that indicates the hardness and compaction
of the ground as determined by a standard penetration
test, and refers to the number of blows, by a weight
of a predetermined mass free-falling from a
predetermined height, required for a sampler to
penetrate the ground to a predetermined depth. The
expected result is that the larger the N value the
smaller the crown 10 displacement, and the higher the
wall height H the larger the crown displacement, which
is also apparent from the graphs. [0047]       Next,
regarding the steel material for an underground
continuous wall 1 of a second embodiment, in the same
manner as for the first embodiment, framed structural
15 analysis was performed to find the dimensions that
keep crown displacement to not more than a 10%
increase from the crown displacement Y [m]. The
obtained results are shown in FIG 7. [0048] In FIG. 7,
the horizontal axis shows, in dimensionless form, the
ratio (truncated 20length B Ern) / overall sheet pile
length [m]) between the cut length (truncated length B
[m]) of the forward end 21 of the H-beam 6 and the
overall length [m] of the hat type steel sheet pile 2.
The vertical axis shows, in dimensionless form, the
ratio (crown displacement when H-steel truncated /
crown displacement when entire length welded) between
the crown displacement for a combination of an H-beam
6 with a cut forward end 21 side and 



25a hat type steel sheet pile 2 (described in the
graph as " crown displacement when H-steel
truncated"), and the crown displacement for an H-beam
6 (uncut) and hat type steel sheet pile 2 of equal
length welded together along the entire length thereof
(described in the graph as "crown displacement when
entire length welded"), that is, increasing rate
(nondimensional) of crown displacement. As shown by
the relationship between the 5 proportion of the cut
dimension B [m] of the forward end 21 side of the
H-beam 6 with respect to the overall length, and the
added proportion of crown displacement, in each case,
in order to keep the added proportion of crown
displacement to not more than 10%, as shown by the
vertical dashed line, cutting can be performed to not
more than 35% of the overall length of the hat type
steel sheet pile 2. 10Furthermore, it is apparent that
if the separation length (B) between the forward end
19 of the hat type steel sheet pile 2 and the forward
end 21 of the H-beam 6 exceeds 35% of the overall
length in the length direction of the steel material
for an underground continuous wall 1, crown
displacement increases rapidly. In contrast, if the
separation length (B) between the forward end 19 of
the hat type steel sheet pile 2 and the forward end 15
21 of the H-beam 6 is not more than 35% of the overall
length in the length direction of the steel material
for an underground continuous wall 1, the rate of
increase of crown displacement is kept low. In this
manner, when the separation length is not more than
35% of the overall length, compared to when the
separation length exceeds 35% of the overall length,
the steel material for an underground continuous wall
1 is sufficiently rigid, and is 20 also inexpensive
and lightweight.       Accordingly, the H-beam 6 can
be cut to a length exceeding 0% but not more than 35%
of the overall length of the hat type steel sheet pile
2. Furthermore, also apparent is that at not more than
20% of the overall length of the hat type steel sheet
pile 2, there is little variation in the added
proportion of crown displacement, and a member is
obtained 25 which is similar to a steel material for
an underground continuous wall in which the hat  34
type steel sheet pile 2 and the H-beam 6 have the same
length dimension. 



Other aspects of the configuration are the same as for
the previous embodiment. [0049] Next, regarding the
steel material for an underground continuous wall 1 of
a third 5 embodiment, in the same manner as for the
first embodiment, framed structural analysis was
performed to find the specific dimensions (the
proportion of the respective cut lengths of the rear
end 20 side and forward end 21 side of the H-beam)
that keep crown displacement to not more than a 10%
increase from the crown displacement Y [m]. The
obtained results are shown in FIG 8 and FIG 9. FIG. 8
shows the results for a case where 10 the proportion
of the cut length B [m] of the forward end 21 of the
H-beam 6 is fixed, and the proportion of the cut
length A [rni of the rear end 20 side is varied. FIG.
9 shows the results for a case where the proportion of
the cut length A [m] of the rear end 20 side is fixed,
and the proportion of the cut length B [m] of the
forward end 21 of the H-beam 6 is varied. From these
figures 8 and 9, when cutting both the forward end 21
and the rear end 15 20 of the H-beam 6, feasible
ratios of the cut length A [m] of the rear end 20 of
the H-beam 6 with respect to the wall height H, and
feasible ratios of the cut length B [m] of the forward
end 21 of the H-beam 6 with respect to the overall
length of the sheet pile are derived as follows.
[0050] 20Specifically, FIG 8 shows the results of
varying the cut length A Ern] of the rear end 20 side
of the H-beam 6, while the proportion of the cut
length B [m] of the forward end 21 side of the H-beam
6 with respect to the steel material for an
underground continuous wall (the overall sheet pile
length of the hat type steel sheet pile 2) 1 remains
fixed at 0.30, that is, with the cut length B [m] of
the forward end 21 side of the H-beam 6 25 fixed at a
constant value. From this FIG 8, in order keep the
crown displacement to not 



35 more than a 10% increase from the crown
displacement Y, to what proportion the rear end 20
side of the H-beam 6 can be cut with respect to the
wall height H is investigated. Because as the cut
length A [m] of the rear end 20 side of the H-beam 6
decreases, naturally the rigidity of the steel
material for an underground continuous wall 1
increases, and crown 5 displacement is reduced, it is
apparent that when the cut length A of the rear end 20
side exceeds 0% of the wall height H but does not
exceed 50% as shown by the vertical dashed line, crown
displacement can be kept to not more than a 10%
increase from the crown displacement Y [m]. The
vertical axis and horizontal axis are the same as in
FIG 6. [0051] 10Furthermore, FIG. 9 shows the results
of varying the cut length B [m] of the forward end 21
side of the H-beam 6, while the proportion of the cut
length A [m] of the rear end 20 side of the H-beam 6
with respect to the wall height H remains fixed at
0.50, that is, with the cut length A [m] of the rear
end 20 of the H-beam 6 fixed at a constant value. From
this FIG 9, in order keep the crown displacement to
not more than a 10% 15 increase, to what proportion
the forward end 21 side of the H-beam 6 can be cut
with respect to the overall length of the steel
material for an underground continuous wall 1 is
investigated. Because as the cut length B [m] of the
forward end 21 side of the 11-beam 6 decreases,
naturally the rigidity of the steel material for an
underground continuous wall 1 increases, and crown
displacement is reduced, it is apparent that when the
cut length B of 20 the forward end 21 side exceeds 0%
of the overall length of the steel material for an
underground continuous wall 1 (hat type steel sheet
pile 2) but does not exceed 30% as shown by the
vertical dashed line, crown displacement can be kept
to not more than a 10% increase from the crown
displacement Y [m]. The vertical axis and horizontal
axis are the same as in FIG 7. 25Moreover, as shown in
FIG. 8 and FIG 9, it is apparent that when the
separation  



36 length (A) between the rear end 18 of the hat type
steel sheet pile 2 and the rear end 20 of the H-beam 6
exceeds 50% of the wall height H from the planned
ground level 10 to the ground surface 9 in the
retaining wall 8 constructed from the steel material
for an underground continuous wall 1, and the
separation length (B) between the forward end 19 5 of
the hat type steel sheet pile 2 and the forward end 21
of the H-beam 6 exceeds 30% of the overall length of
the steel material for an underground continuous wall
1 in the length direction, crown displacement
increases rapidly. In contrast, if the separation
length (A) between the rear end 18 of the hat type
steel sheet pile 2 and the rear end 20 of the H-beam 6
is not more than 50% of the wall height H from the
planned ground level 10 to the ground 10 surface 9 in
the retaining wall 8 constructed from the steel
material for an underground continuous wall 1, and the
separation length (B) between the forward end 19 of
the hat type steel sheet pile 2 and the forward end 21
of the H-beam 6 is not more than 30% of the overall
length of the steel material for an underground
continuous wall 1 in the length direction, the rate of
increase of crown displacement is kept low. In this
manner, in this 15 case, compared to other cases, the
steel material for an underground continuous wall 1 is
sufficiently rigid, and is also inexpensive and
lightweight. [0052]       When cutting the rear end 20
side of the H-beam 6, although any value exceeding 0%
of the wall height H as described above offers
economical advantages, at values close 20 to 0% of the
wall height H, the economical advantages are minimal.
For this reason, for practical purposes, for example,
a value of not less than 10% and not more than 50% of
the wall height H is preferred. Furthermore, when
cutting the forward end 21 side of the H-beam 6,
although any value exceeding 0% of the overall length
of the steel material for an underground continuous
wall 1 as described above offers economical
advantages, at 25cutting ratios close to 0% of the
overall length of the steel material for an
underground  37 continuous wall 1, the economical
advantages are minimal. For this reason, for example,
for practical purposes, a value within a range from
not less that 5% to not more than 35% of the overall
length of the steel material for an underground
continuous wall 1 is preferred. When cutting the
forward end 21 side and the rear end 20 side of the
H-beam 6, the cut to 



5 the rear end 20 side of the H-beam 6 is preferably
set to not less than 10% and not more than 50% of the
wall height H, and the cut to the forward end 21 side
of the H-beam 6 is preferably set to within a range
from not less that 5% to not more than 30% of the
overall length of the steel material for an
underground continuous wall 1. Furthermore, normally,
the length of the rear end section of the steel
material for 10 an underground continuous wall 1 which
the setting machine clamps is not more than 500 nun.
Accordingly, if the rear end 20 of the H-beam 6 is
separated from the rear end 18 of the hat type steel
sheet pile 2, the separation length (A) between the
rear end 18 of the hat type steel sheet pile 2 and the
rear end 20 of the H-beam 6 is preferably not less
than 500 MM. 15[0053]       The method for producing
the steel material for an underground continuous wall
1 of the present invention is as follows.       First
the hat type steel sheet pile 2 and the H-beam 6 which
form the steel material for an underground continuous
wall 1 are prepared. The shape and dimensions of the
hat 20 type steel sheet pile 2 and the H-beam 6 are as
described in the above embodiments. In the present
invention, a hat type steel sheet pile 2 produced
entirely by a hot rolling process can be used, or a
hat type steel sheet pile 2 can be used in which the
joints sections are produced by a hot rolling process
and secured to the arm sections 3 and 4 by welding. As
shown in FIG. 3A, one of the flange sections 6a of the
H-beam 6 is disposed on 25 the opposite side to a
channel D formed by the web 7 and flanges 5 of the hat
type steel  38 sheet pile 2, and the one flange
section 6a of the H-beam 6 contacts the web 7 outside
surface 71 of the hat type steel sheet pile 2. Here,
the separation length (A) between the rear end 18 of
the hat type steel sheet pile 2 and the rear end 20 of
the H-beam 6, and the separation length (B) between
the forward end 19 of the hat type steel sheet pile 2
and the 



5 forward end 21 of the H-beam 6 are adjusted
appropriately to obtain the steel material for an
underground continuous wall 1 of the embodiments
described above.       In this manner, in a state
where the hat type steel sheet pile 2 and the H-beam 6
are in contact, as shown in FIG. 3B, both sides of the
flange section 6a of the H-beam 6 are secured to the
web 7 outside surface 71 (outer surface) side of the
hat type steel sheet pile 2 10 along the entire length
by a weld W. [0054]       The method for constructing
the underground continuous wall of the present
invention is shown below. As shown in FIG. 4, in a
state where the steel material for an underground 15
continuous wall 1 of the present invention stands
erect with the front end thereof facing the ground
surface 9, the rear end section of the steel material
for an underground continuous wall 1 is clamped by a
clamp (clamping section) 16 of the driving machine 15.
Although in FIG 4 a situation is shown where the pair
of flanges 5 of the hat type steel sheet pile 2 are
each clamped by the clamp 16, alternatively only the
web 7, or both the web 7 and the 20 flanges 5, may be
clamped.       Then, with the forward end side of the
steel material for an underground continuous wall 1 as
the leading end, the steel material for an underground
continuous wall 1 is driven to a predetermined depth
in the earthward direction S by the vibratory device
17.  39 with the joint 14a of this steel material for
an underground continuous wall 1 engaged with the
joint 14b of the steel material for an underground
continuous wall 1 which has already been driven, the
other steel material for an underground continuous
wall 1 is driven at the location where it is to be
driven. Then, the pair of flanges 5 of the hat type
steel sheet pile 5 2 are each clamped by the clamp 16
as described above, and the steel material for an 



underground continuous wall 1 is driven to a
predetermined depth in the earthward direction S by
the vibratory device 17. These operations are repeated
to drive a plurality of steel materials for an
underground continuous wall I into the ground surface
9, thereby constructing the 10 underground continuous
wall of the present invention.       Moreover, to form
the desired underground continuous wall, a plurality
of steel materials for an underground continuous wall
I may be driven in advance on the ground surface 9,
the joints I4a and 14b engaged with those of the
adjacent steel material for an underground continuous
wall 1, and the steel materials for an underground
continuous wall 151 sequentially driven in this state
by the driving machine 15.       Furthermore, other
steel materials for an underground continuous wall may
be used together with the steel material for an
underground continuous wall 1 of the present
invention. For example, an underground continuous wall
may be constructed by connecting the steel material
for an underground continuous wall I with a steel
material for 20 an underground continuous wall
composed only of a bat type steel sheet pile, in an
alternating manner along the horizontal direction.  40
CLAIMS 1.A steel material for an underground
continuous wall equipped with a hat type steel sheet
pile having a hat-shaped vertical cross-section with
respect to the length direction thereof, and an H-beam
having an H-shaped vertical cross-section with respect
to the length direction thereof, wherein:      the hat
type steel sheet pile comprises a web, a pair of
flanges connected integrally to each end of the web
and inclined so as to spread outward, and a pair of
arm sections substantially parallel to the web which
are each connected integrally to one of the pair of
flanges; 



the H-beam comprises a pair of flange sections
substantially parallel to each other, and a web
section which connects the pair of flange sections to
each other leaving space therebetween;      an outer
surface on an opposite side to a surface of one of the
pair of flange sections of the H-beam which connects
to the web section is secured to an outer surface of
the web, the outer surface being on an opposite side
to a channel formed by the web and the flanges of the
hat type steel sheet pile;      a dimension of the
H-beam in the length direction is shorter than a
dimension of the hat type steel sheet pile in the
length direction, and an overall length of the H-beam
in the length direction is arranged within the
dimension of the hat type steel sheet pile in the
length direction;      a rear end of the H-beam is
located closer to a forward end side in the length
direction than a rear end of the hat type steel sheet
pile;      a position of a forward end of the hat type
steel sheet pile coincides with a position of a
forward end of the H-beam in the length direction;
a separation length between the rear end of the hat
type steel sheet pile and the rear end of the H-beam
is not less than 10% and not more than 50% of a wall
height from a planned ground level to a ground surface
in a retaining wall constructed from the steel
material for an underground continuous wall; and  40A
a first horizontal crown displacement of the
retaining_ wall is not more than 110% of a second
horizontal crown displacement when an H-beam and a hat
type steel sheet pile of equal lengths welded together
along the entire length thereof is used, the first
horizontal crown displacement and the second
horizontal crown displacement being obtained by a
framed structural analysis in consideration of an
earth pressure.  41  2. The steel material for an
underground continuous wall according to claim 1,
wherein a separation length between the rear end of
the hat type steel sheet pile and the rear end of the
H-beam is not more than 30% of a wall height from a
planned ground level to a ground surface in a
retaining wall constructed from the steel material for
an underground continuous wall. 



3. A steel material for an underground continuous wall
equipped with a hat type steel sheet pile having a
hat-shaped vertical cross-section with respect to the
length direction thereof, and an H-beam having an
H-shaped vertical cross-section with respect to the
length direction thereof, wherein:      the hat type
steel sheet pile comprises a web, a pair of flanges
connected integrally to each end of the web and
inclined so as to spread outward, and a pair of arm
sections substantially parallel to the web which are
each connected integrally to one of the pair of
flanges;       the H-beam comprises a pair of flange
sections substantially parallel to each other, and a
web section which connects the pair of flange sections
to each other leaving space therebetween;       an
outer surface on an opposite side to a surface of one
of the pair of flange sections of the H-beam which
connects to the web section is secured to an outer
surface of the web, the outer surface being on an
opposite side to a channel formed by the web and the
flanges of the hat type steel sheet pile;      a
dimension of the H-beam in the length direction is
shorter than a dimension of the hat type steel sheet
pile in the length direction, and an overall length of
the H-beam in  42 the length direction is arranged
within the dimension of the hat type steel sheet pile
in the length direction;       a rear end of the
H-beam is located closer to a forward end side in the
length direction than a rear end of the hat type steel
sheet pile;       a forward end of the H-beam is
located closer to a rear end side than a forward end
of the hat type steel sheet pile in the length
direction; 



a separation length between the rear end of the hat
type steel sheet pile and the rear end of the H-beam
is not less than 10% and not more than 50% of a wall
height from a planned ground level to a ground surface
in a retaining wall constructed from the steel
material for an underground continuous wall;       a
separation length between the forward end of the hat
type steel sheet pile and the forward end of the
H-beam is not less than 5% and not more than 30% of an
overall length of the steel material for an
underground continuous wall in a length direction; and
a first horizontal crown displacement of the retaining
wall is not more than 110% of a second horizontal
crown displacement when an H-beam and a hat type steel
sheet pile of equal lengths welded together along the
entire length thereof is used the first horizontal
crown displacement and the second horizontal crown
displacement being obtained by a framed structural
analysis in consideration of an earth pressure. 4.The
steel material for an underground continuous wall
according to claim 1, wherein a separation length
between the rear end of the hat type steel sheet pile
and the rear end of the H-beam is not less than 500
mm.  43 5.A steel material for an underground
continuous wall equipped with a hat type steel sheet
pile having a hat-shaped vertical cross-section with
respect to the length direction thereof, and an H-beam
having an H-shaped vertical cross-section with respect
to the length direction thereof, wherein:       the
hat type steel sheet pile comprises a web, a pair of
flanges connected integrally to each end of the web
and inclined so as to spread outward, and a pair of
arm sections substantially parallel to the web which
are each connected integrally to one of the pair of
flanges;       the H-beam comprises a pair of flange
sections substantially parallel to each other, and a
web section which connects the pair of flange sections
to each other leaving space therebetween;       an
outer surface on an opposite side to a surface of one
of the pair of flange sections of the H-beam which
connects to the web section is secured to an outer
surface of the web, the outer surface being on an
opposite side to a channel formed by the web and the
flanges of the hat type steel sheet pile;       a
dimension of the H-beam in the length direction is
shorter than a dimension of the hat type steel sheet
pile in the length direction, and an overall length of
the H-beam in the length direction is arranged within
the dimension of the hat type steel sheet pile in the
length direction; 



a position of a rear end of the hat type steel sheet
pile coincides with a position of a rear end of the
H-beam in the length direction;       a forward end of
the H-beam is located closer to a rear end side in the
length direction than a forward end of the hat type
steel sheet pile; and       a separation length
between the forward end of the hat type steel sheet
pile and the forward end of the H-beam is not less
than 5% and not more than 35% of an overall length of
the steel material for the underground continuous wall
in the length direction, the steel material for the
underground continuous wall being used for a retaining
wall; and       a first horizontal crown displacement
of the retaining wall is not more than 110% of a
second horizontal crown displacement when an H-beam
and a hat type steel sheet pile of equal lengths
welded together along the entire length thereof is
used, the first horizontal crown displacement and the
second horizontal crown displacement being obtained by
a framed structural analysis in consideration of an
earth pressure.  44 6.The steel material for an
underground continuous wall according to claim 5,
wherein the separation length between the forward end
of the hat type steel sheet pile and the forward end
of the H-beam is not more than 20% of an overall
length of the steel material for an underground
continuous wall in the length direction.   7. A method
for producing a steel material for an underground
continuous wall comprising:       preparing a hat type
steel sheet pile having a hat-shaped vertical
cross-section with respect to the length direction
thereof, and an H-beam having a H-shaped vertical
cross-section with respect to the length direction
thereof, in which the hat type steel sheet pile
comprises a web, a pair of flanges connected
integrally to each end of the web and inclined so as
to spread outward, and a pair of arm sections
substantially parallel to the web which are each
connected integrally to one of the pair of flanges,
the H-beam comprises a pair of flange sections
substantially parallel to each other, and a web
section which connects the pair of flange sections to
each other leaving space therebetween, and a dimension
of the H-beam in the length direction is shorter by
not less than 10% and not more than 50% of a wall
height from a planned ground level to a ground surface
in a retaining wall constructed from the steel
material for an underground continuous wall, than a
dimension of the hat type steel sheet pile in the
length direction so that a first horizontal crown
displacement of the retaining wall is not more than
110% of a second horizontal crown displacement when an
H-beam and a hat type steel sheet pile of equal
lengths welded together along the entire length
thereof is used, the first horizontal crown
displacement and the second horizontal crown
displacement being obtained by a framed structural
analysis in consideration of an earth pressure;
arranging an overall length of the H-beam in the
length direction within the dimension of the hat type
steel sheet pile in the length direction, and in a
condition with a position of a forward end of the hat
type steel sheet pile arranged so as to coincide with
a position of a forward end of the H-beam in the
length direction and a rear end of the H-beam arranged
so as to be positioned closer to a forward end side in
the length direction than a rear end of the hat type
steel sheet pile;  45 



contacting an outer surface on an opposite side to a
surface of one of the pair of flange sections of the
H-beam which connects to the web section, with an
outer surface of the web, the outer surface being on
an opposite side to a channel formed by the web and
the flanges of the hat type steel sheet pile; and
securing the web of the hat type steel sheet pile and
the flange section of the H-beam which contact each
other, to each other by welding.   8. A method for
producing a steel material for an underground
continuous wall comprising:       preparing a hat type
steel sheet pile having a hat-shaped vertical
cross-section with respect to the length direction
thereof, and an H-beam having a H-shaped vertical
cross-section with respect to the length direction
thereof, in which the hat type steel sheet pile
comprises a web, a pair of flanges connected
integrally to each end of the web and inclined so as
to spread outward, and a pair of arm sections
substantially parallel to the web which are each
connected integrally to one of the pair of flanges,
the H-beam comprises a pair of flange sections
substantially parallel to each other, and a web
section which connects the pair of flange sections to
each other leaving space therebetween, and a dimension
of the H-beam in the length direction is shorter than
a dimension of the hat type steel sheet pile in the
length direction;       arranging an overall length of
the H-beam in the length direction within the
dimension of the hat type steel sheet pile in the
length direction, and in a condition with a forward
end of the H-beam arranged so as to be positioned
closer to a rear end side by not less than 10% and not
more than 50% of a wall height from a planned ground
level to a ground surface in a retaining wall
constructed from the steel material for an underground
continuous wall, than a forward end of the hat type
steel sheet pile in the length direction and a rear
end of the H-beam arranged so as to be positioned
closer to a forward end side in the length direction
by not less than 5% and not more than 30% of an
overall length of the steel material for an
underground continuous wall in a length direction,
than a rear end of the hat type steel sheet pile so
that a first horizontal crown displacement of the
retaining wall is not more than 110% of a second
horizontal crown displacement when an H-beam and a hat
type steel sheet pile of equal lengths welded together
along the entire length thereof is used, the first
horizontal crown displacement and the second
horizontal crown displacement being obtained by a
framed structural analysis in consideration of an
earth pressure;  46       contacting an outer surface
on an opposite side to a surface of one of the pair of
flange sections of the H-beam which connects to the
web section, with an outer surface of the web, the
outer surface being on an opposite side to a channel
formed by the web and the flanges of the hat type
steel sheet pile; and      securing the web of the hat
type steel sheet pile and the flange section of the
H-beam which contact each other, to each other by
welding.   9. A method for producing a steel material
for an underground continuous wall comprising:
preparing a hat type steel sheet pile having a
hat-shaped vertical cross-section with respect to the
length direction thereof, and an H-beam having a
H-shaped vertical cross-section with respect to the
length direction thereof, in which the hat type steel
sheet pile comprises a web, a pair of flanges
connected integrally to each end of the web and
inclined so as to spread outward, and a pair of arm
sections substantially parallel to the web which are
each connected integrally to one of the pair of
flanges, the H-beam comprises a pair of flange
sections substantially parallel to each other, and a
web section which connects the pair of flange sections
to each other leaving space therebetween, and a
dimension of the H-beam in the length direction is
shorter by not less than 5% and not more than 35% of
an overall length of the steel material for an
underground continuous wall in the length direction,
which is used for a retaining wall, than a dimension
of the hat type steel sheet pile in the length
direction so that a first horizontal crown
displacement of the retaining wall is not more than
110% of a second horizontal crown displacement when an
H-beam and a hat type_ steel sheet pile of equal
lengths welded together along the entire length
thereof is used, the first horizontal crown
displacement and the second horizontal crown
displacement being obtained by a framed structural
analysis in consideration of an earth pressure;
arranging an overall length of the H-beam in the
length direction within the dimension of the hat type
steel sheet pile in the length direction, and
coinciding a position of a rear end of the hat type
steel sheet pile with a position of a rear end of the
H-beam in the length direction, and in a condition
with a forward end of the H-beam arranged so as to be
positioned closer to a rear end side in the length
direction than a forward end of the hat type steel
sheet pile;       contacting an outer surface on an
opposite side to a surface of one of the pair of
flange sections of the H-beam which connects to the
web section, with an outer surface of the web, the
outer surface being on an opposite side to a channel
formed by the web and the flanges of the hat type
steel sheet pile; and 



47      securing the web of the hat type steel sheet
pile and the flange section of the H-beam which
contact each other, to each other by welding.    10.
The method for producing a steel material for an
underground continuous wall according to claim 9,
wherein a dimension of the H-beam in the length
direction is shorter by not more than 20% of an
overall length of the steel material for an
underground continuous wall in the length direction,
than a dimension of the hat type steel sheet pile in
the length direction.    11. An underground continuous
wall constructed using a plurality of steel materials
for an underground continuous wall according to any
one of claim 1 through claim 6.    12. A method for
constructing an underground continuous wall using a
plurality of steel materials for an underground
continuous wall according to any one of claim 1
through claim 6. 






