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(54) STRUCTURAL MEMBER USED FOR RAINWATER STORAGE LAMINATED STRUCTURE

(57) A structural member for building a rainwater
storage stack structure by being stacked up vertically in
alternating orthogonal directions inside a water storage
tank provided underground is provided, which enables
precise and stable stacking, and formation of a rainwater
storage stack structure with a small number of stacking
and with a larger capacity for rainwater. The structural
member 1 has hollow rectangular frusta 2 arranged front
and back and right and left and coupled at lower ends
thereof with a bottom plate part 3a of a constant width,
each frustum having a rectangular top wall 2a and slanted
peripheral wall plates 2b extending from four side edges

of the top wall 2a. Protrusions 4 and 4 are protruded at
both ends of the top walls 2a, so that the lower ends of
the slanted walls on both sides of the rectangular frusta
2 of upper structural members 1 are supported on the
top walls 2a of the lower structural members 1. The lower
ends engage with the opposite inner faces at the lower
ends of the protrusions 4 and 4 so as to support load
from above. The bottom plate parts 3a are provided with
engaging recesses 5 that are placed over the protrusions
4 and 4 of the structural members 1 arranged below to
prevent unwanted forward, backward, leftward, or right-
ward displacement of the structural members 1.
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Description

Technical Field

[0001] The present invention relates to a structural
member used for a rainwater storage stack structure in
rainwater storage facilities set into the ground of places
where a park, car park, or roads are built.

Background Art

[0002] As has been known, rainwater storage facilities
are built into the ground of parks, car parks, and so on,
to prevent river or sewage from flooding due to heavy
rains, or to utilize the collected rainwater as the need
arises.
[0003] A rainwater storage facility is configured, for ex-
ample, as described in Patent Document 1, such that a
water storage tank is formed by digging down into the
ground; a rainwater storage stack structure is formed in-
side this water storage tank with the stack structure
formed by a matrix of synthetic resin-made structural
members having internal spaces for storage of rainwater,
several layers of them being stacked upon one another;
this rainwater storage stack structure is covered by a
covering material such as a sheet or a paving material;
and a manhole is provided adjacent the water storage
tank for introducing rainwater in heavy rains into the stor-
age spaces to be stored.
[0004] The structural member forming the rainwater
storage stack structure of such rainwater storage facili-
ties, as described in the above-described Patent Docu-
ment 1, includes a plurality of bottomed cylindrical legs
having open upper ends regularly spaced front and back
and right and left inside a square frame, with the upper
ends of adjacent legs integrally connected via ribs and
the upper ends of the outermost legs arranged along the
inner periphery of the frame being integrally connected
to the frame. The structural members are arranged in
rows and columns inside a water storage tank, and
stacked up to construct a rainwater storage stack struc-
ture, with the lower ends of the legs of upper layer struc-
tural members supported by the upper open ends of the
legs of lower layer structural members.
[0005] However, the structural member including a plu-
rality of cylindrical legs aligned in rows and columns in a
square frame has the problem of bulkiness when stacked
up during transportation or storage. It also has a problem
in strength, since, if there is any unbalanced load applied
on adjacent cylindrical legs, the thin ribs connecting the
upper ends of these legs may crack or break due to the
load.
[0006] The features required of the structural member
include the ability to be stacked up compactly and neatly
during transportation or storage, a large internal space
with a large capacity for rainwater, an increased pressure
resistance relative to the load from above despite a sim-
plified structure, and the ability to allow for a precise and

efficient operation of constructing a rainwater storage
stack structure.
[0007] To meet these demands, the applicants of the
present application have developed a structural member
as described in Patent Document 2. This structural mem-
ber 31 includes, as shown in FIG. 17, box-like parts 32
with an entirely open lower end, each formed by a rec-
tangular top plate 32a and slanted walls 32b of a certain
height integrally formed therewith to extend downwardly
from four side edges of the top plate, these box-like parts
32 being arranged side by side at a distance; bottom
plates 33 having a constant width and connecting the
lower ends of the slanted walls 32b opposite each other;
and outer edge bottom plate parts 33a extending from
the lower ends of the slanted walls of the box-like parts
32 facing the outer peripheral edges of the structural
member 31 toward the outer peripheral edges of the
structural member. Both ends in the lengthwise direction
of the top plates 32a of the box-like parts 32 are made
lower than the central part to form lowered parts 34. The
slanted walls 32b, from the bottom of which the bottom
plates 33 extend horizontally, have a downwardly open
engaging recess 35 in the center at the lower end, the
recess having a shape that allows the slanted walls to fit
onto the lowered parts 34 from the lower ends thereof
over the entire width of the bottom plates.
[0008] The structural member 31 configured in this way
not only has a simple structure, but also can form an
internal space with a large capacity for rainwater, be-
cause of the box-like parts. Also, during transportation
or storage, the structural members can be compactly and
neatly stacked upon one another by placing the box-like
parts 21 of an upper structural member 31 over the box-
like parts 32 of the lower structural member 31.
[0009] When building a stack structure, the structural
members 31 are arranged in alternating orthogonal di-
rections such that the lower faces of the engaging re-
cesses 35 at the lower ends of the slanted walls 32b and
32b on both sides of slanted peripheral walls of the box-
like parts 32 of the structural member 31 located above
are supported on the lowered parts 34 formed at both
ends in the lengthwise direction of the top plates 32a of
the box-like parts 21 of the structural member 31 located
below by placing the engaging recesses 35 over the low-
ered parts 34. Thereby, advantageously, the structural
members allow for precise and efficient stacking, as well
as building of a stack structure with a high pressure re-
sistance.

Citation List
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[0010]

Patent Literature 1: Japanese Patent Application
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Patent Literature 2: Japanese Patent Application
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Laid-Open No. 2009-24447

Summary of Invention

Technical Problem

[0011] According to the structural member described
in Patent Document 2 mentioned above, both ends in the
lengthwise direction of the top plates 32a of the box-like
parts 32 are made lower than the center part to form the
lowered parts 34; engaging recesses 35 are formed to
open from the bottom at the center of the slanted walls
32b and 32b on both sides and to extend over the bottom
plates; and the structural members are stacked upon one
another, with the engaging recesses 35 of the structural
member 31 located above are placed over the lowered
parts 34 so that the lower faces of the engaging recesses
35 are supported thereon. Thus, top portions of the box-
like parts 32, having a height corresponding to that of
between the lowered parts 34 and the top plate 32a, of
the lower structural member 31 protrude into the lower
ends of the box-like parts 32 of the upper structural mem-
ber 31, i.e., the top portions of the box-like parts 32 of
the lower structural member 31 overlap the lower ends
of the box-like parts 32 of the upper structural member
31. Accordingly, there are the following problems: The
stack structure has a reduced capacity for rainwater in-
side the box-like parts 32, and, the stacking height of the
box-like parts 32 is reduced by the overlapped portions
every time another structural member 31 is stacked, so
that the number of structural members 31 required to
stack from the inner bottom to the upper end of the water
storage tank is increased, which will not only cause an
increase in cost but require more work in the stacking
operation.
[0012] In a stacked condition, when load is applied
from above on the top plate 32a of the box-like part 32
of an upper structural member 31, there is generated a
force in the horizontal direction that causes the divergent
slanted walls 32b of this box-like part 32 to stretch out-
ward. The slanted walls 32b and 32b opposite each other
of adjacent structural members are connected to each
other at their ends with a bottom plate 33, so that they
can push each other via this bottom plate 33 and resist
outward movement. However, the bottom plate part 33a
at the lower end of the slanted walls 32b that face the
outer peripheral edges of the structural member 31 lacks
any structure that can prevent such movement of the
bottom plate part 33a. Therefore, there is a problem that
a stable stack condition may not be maintained, as the
engaging recess 35 provided in the bottom plate part 33a
may slide due to the above-mentioned load on the low-
ered part 34 outward and disengage therefrom.
[0013] As a measure against this problem, stopper ribs
that engage each other are sometimes provided to the
lowered part 34 of the top plate 32a, and the engaging
recess 35 placed on this lowered part 34, of the structural
member 31. However, there was a possibility that such

engagement between the ribs may not be sufficient and
the ribs may break because of the load, or they may ride
over and disengage from each other.
[0014] The present invention was made in view of
these problems and has as its object the provision of a
structural member used for a rainwater storage stack
structure, which can be stacked up compactly and neatly
during transportation or storage, which has a simple
structure suitable for mass-production, which allows for
construction of a stack structure of a predetermined
height with a large capacity for rainwater with a small
number of stacks when stacked up to build a rainwater
storage stack structure, which exhibits a high pressure
resistance against the load from above, and which can
maintain a stable stack configuration without displace-
ment in stacked portions.

Solution to Problem

[0015] To achieve the above object, the present inven-
tion provides a structural member used for a rainwater
storage stack structure as set forth in claim 1, which is a
structural member to be arranged in rows and columns
and vertically stacked upon one another in alternating
orthogonal directions inside a water storage tank formed
by digging down into the ground for constructing the rain-
water storage stack structure, the structural member in-
cluding hollow rectangular frusta having a certain height
arranged front and back and right and left on a flat rec-
tangular bottom plate, each rectangular frustum having
a bottom completely open through the bottom plate
downward, and including a rectangular top wall that is
long in a front to back direction, downwardly divergent
slanted peripheral wall plates extending from four side
edges of the top wall, protrusions having a certain height
at both ends in a lengthwise direction of the top wall,
distanced from each other such that between the protru-
sions fittable are lower end parts of slanted walls on both
sides of the slanted peripheral wall plate of a rectangular
frustum of a structural member stacked up above, the
lower ends of the slanted peripheral wall plates of adja-
cent rectangular frusta being coupled together with the
floor board, and a downwardly open engaging recess
formed in part of the bottom plate continuous with the
lower ends of the slanted wall plates on both sides of the
rectangular frusta to be placed over the protrusions pro-
truded on the top walls of the rectangular frusta of a struc-
tural member arranged below.
[0016] According to the invention as set forth in claim
2, in the structural member used for a rainwater storage
stack structure, the engaging recess formed in part of
the bottom plate continuous with the lower ends of the
slanted walls on both sides of the rectangular frusta is
formed by making part of the bottom plate bulge upward
in the same shape as that from the top surface of the
protrusion to the slanted wall surfaces on both sides of
the protrusion protruded on the top wall of the rectangular
frusta, and the lower ends of the slanted walls on both
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sides are protruded downward from both ends of the en-
gaging recess with a length corresponding to a height of
the protrusions.
[0017] According to the invention as set forth in claim
3, the slanted walls on both sides of the rectangular frusta
are formed with reinforcing grooves extending between
upper and lower ends.
[0018] According to the invention as set forth in claim
4, a reinforcing groove part having a U-shaped cross sec-
tion is formed in a central portion in the lengthwise direc-
tion of the top walls of the rectangular frusta so as to be
recessed downward, both ends of the reinforcing groove
part being continuous with opposite walls of the slanted
walls on both sides.
[0019] According to the invention as set forth in claim
5, vertically extending water passage holes are formed
in the top walls, in the protrusions protruded at both ends
of the top walls, and in the bottom plate parts around the
lower ends of the slanted peripheral wall plates of the
rectangular frusta.
[0020] According to the invention as set forth in claim
6, the structural member is configured to be square or
rectangular in plain view, with at least two rectangular
frusta arranged in the lengthwise direction and in the
width direction of the bottom plate, respectively, the lower
ends of the slanted peripheral wall plates of adjacent rec-
tangular frusta being connected by parts of the top plate,
and an outer frame rim having a certain height integrally
formed along four peripheral edges of the bottom plate.
Advantageous Effects of Invention
[0021] According to the invention as set forth in claim
1, the structural member used for a rainwater storage
stack structure includes rectangular frusta having a cer-
tain height and arranged front and back and right and left
on a flat rectangular bottom plate, each rectangular frus-
tum having a bottom completely open through the bottom
plate downward. Therefore, the structure is simple and
obviously suited to mass-production, and also it can be
neatly and compactly stacked upon one another with op-
posite rectangular frusta deeply nested in each other dur-
ing transportation or storage. To build a rainwater storage
stack structure, the structural members are stacked up
in alternating orthogonal directions stably, precisely, and
efficiently up to a certain height, with the lower ends of
the slanted walls on both sides of the slanted peripheral
wall plates of rectangular frusta of upper structural mem-
bers being supported on the top walls of the rectangular
frusta of the structural members arranged below.
[0022] Further, according to the present invention, pro-
trusions having a certain height are provided at both ends
in a lengthwise direction of the top walls that are long in
the front to back direction of the rectangular frusta, dis-
tanced from each other such that between the protru-
sions fittable are lower end parts of slanted walls on both
sides of the slanted peripheral wall plates of a rectangular
frustum of a structural member stacked up above, as well
as downwardly open engaging recesses formed in part
of the bottom plate continuous with the lower ends of the

slanted walls on both sides of the slanted peripheral wall
plates of the rectangular frusta to be placed over the pro-
trusions protruded on the top walls of the rectangular
frusta of a structural member arranged below. Thus, the
structural members can be stacked up stably by placing
the engaging recesses provided in part of the bottom
plate continuous with the lower ends of the slanted walls
on both sides of the rectangular frusta of structural mem-
bers arranged above over the protrusions protruded at
both ends in the lengthwise direction of the top walls of
the rectangular frusta of structural members arranged
below. Also, a stack structure can be built wherein the
rectangular frusta of upper structural members are
stacked upon the top walls of the rectangular frusta of
lower structural members such that the entire rectangular
frusta of the upper structural members is placed above
the top walls, so that the internal spaces of the rectan-
gular frusta can entirely be used as the space for storing
rainwater, and thus the capacity for rainwater can be in-
creased, and also a rainwater storage stack structure of
a predetermined height can be configured with a small
number of stacks, and the efficiency of the assembling
operation of the rainwater storage stack structure can be
improved.
[0023] In addition, as mentioned above, protrusions
having a certain height are protruded at both ends in a
lengthwise direction of the top wall of the rectangular frus-
tum, distanced from each other such that between the
protrusions fittable are lower end parts of slanted walls
on both sides of the slanted peripheral wall plates of a
rectangular frustum of a structural member stacked up
above. Therefore, the structural members can be stacked
up such that the lower ends of the slanted walls on both
sides of the rectangular frusta of structural members
stacked up above engage with lower end corners at the
opposite inner faces of the protrusions protruded at both
ends in the lengthwise direction of the top walls of the
rectangular frustums of the lower structural members, so
that the outward stretching of the lower ends of the slant-
ed walls on both sides of the upper structural members
at both ends of the top walls of the rectangular frusta of
the lower structural members due to the load from above
can be reliably stopped, and thus the structural members
can exhibit a high pressure resistance against the load
from above, and a stable stack configuration can be main-
tained without any displacement in stacked portions.
[0024] According to the invention as set forth in claim
2, an engaging recess is formed in part of the bottom
plate continuous with the lower ends of the slanted walls
on both sides of the rectangular frusta by making part of
the bottom plate bulge upward in the same shape as that
from the top surface of the protrusion to the slanted wall
surfaces on both sides of the protrusion protruded on the
top wall of the rectangular frusta, and the lower ends of
the slanted walls on both sides are protruded downward
from both ends of the engaging recess with a length cor-
responding to the height of the protrusions. Therefore,
the structural members can be stacked up easily and
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precisely, by placing the engaging recesses of the upper
structural members over the protrusions at both ends of
the top walls of the lower structural members such that
the lengthwise direction of the rectangular top plates of
the rectangular frusta of upper structural members are
oriented orthogonal to the lengthwise direction of the rec-
tangular top plates of the rectangular frusta of lower struc-
tural members. Also, as the lower ends of the slanted
walls on both sides of the upper structural members en-
gage with the opposite inner faces of the protrusions pro-
truded at both ends in the lengthwise direction of the top
walls of the lower structural members, a stable stack con-
figuration can be formed without the possibility of unwant-
ed displacement.
[0025] According to the invention as set forth in claim
3, the slanted walls on both sides that extend downward
from longer sides of the top walls of the rectangular frusta
are provided with reinforcing grooves extending between
upper and lower ends. Accordingly, the reinforcing
groove obviate the provision of reinforcing ribs or the like
and enhances the pressure resistance of the rectangular
frusta, as well as allows the structural members to be
deeply nested in each other when stacked up during
transportation or storage, and enables the rectangular
frusta to be as thin as possible to increase the rainwater
storage space.
[0026] According to the invention as set forth in claim
4, a reinforcing groove part having a U-shaped cross sec-
tion is formed in a central portion in the lengthwise direc-
tion of the top walls of the rectangular frusta so as to be
recessed downward, both ends of the reinforcing groove
part being continuous with the opposite walls of the slant-
ed walls on both sides. When the slanted walls on both
sides of the rectangular frusta try to deform inward and
outward in an arcuate shape due to the load from above,
the reinforcing groove part can firmly resist such a defor-
mation, and thus enhance the buckling resistance of the
slanted walls on both sides.
[0027] According to the invention as set forth in claim
5, vertically extending water passage holes are formed
in the top walls, in the protrusions protruded at both ends
of the top walls, and in the bottom plate parts around the
lower ends of the slanted peripheral wall plates of the
rectangular frusta. Thus rainwater enters or drains from
the rectangular frusta smoothly, and can be stored in the
frusta entirely without any air left inside.
[0028] According to the invention as set forth in claim
6, the structural member is configured to be square or
rectangular in plain view, with at least two rectangular
frusta arranged in the lengthwise direction and in the
width direction of the bottom plate, respectively, the lower
ends of the slanted peripheral wall plates of adjacent rec-
tangular frusta being connected by parts of the top plate,
and an outer frame rim having a certain height integrally
formed along the four peripheral edges of the bottom
plate. Thus, structural members can be readily and cor-
rectly aligned in rows and columns, with their outer frame
rims abutted and joined together inside a water storage

tank formed by digging down into the ground. A large
size structural member having a large number of rectan-
gular frusta arranged in rows and columns and an outer
frame rim along the four side edges, and a small size
structural member having a small number of rectangular
frusta arranged in rows and columns and an outer frame
rim along the four side edges, can be combined, which
facilitates construction of a rainwater storage stack struc-
ture in accordance with the space of the water storage
tank.

Brief Description of Drawings

[0029]

FIG. 1 is a perspective view of a structural member.
FIG. 2 is a front view of the same.
FIG. 3 is a side view.
FIG. 4 is a plain view.
FIG. 5 is a longitudinal cross-sectional front view
along line X1-X1 of FIG. 4.
FIG. 6 is a longitudinal cross-sectional front view
along line X2-X2 of FIG. 4.
FIG. 7 is a longitudinal cross-sectional front view
along line X3-X3 of FIG. 4.
FIG. 8 is a longitudinal cross-sectional front view
along line Y1-Y1 of FIG. 4.
FIG. 9 is a longitudinal cross-sectional front view
along line Y2-Y2 of FIG. 4.
FIG. 10 is a longitudinal cross-sectional front view
of structural members fitted upon one another.
FIG. 11 is a longitudinal cross-sectional side view of
the same.
FIG. 12 is a simplified cross-sectional view of a rain-
water storage facility built with the structural mem-
bers.
FIG. 13 is a partial cross-sectional view of the rain-
water storage stock structure formed by stacking up
the structural members.
FIG. 14 is a perspective view illustrating a modified
example of the structural member according to the
present invention;
FIG. 15 is a partially sectional view illustrating an-
other modified example of the structural member ac-
cording to the present invention in a stacked condi-
tion;
FIG. 16 is a perspective view of a plurality of struc-
tural members with different sizes; and
FIG. 17 is a partially sectional view illustrating con-
ventional structural members in a stacked condition.
Description of Embodiments

[0030] Specific embodiments of the present invention
will now be described with reference to the drawings. The
rainwater storage facility has a water storage tank 20
formed by digging down into the ground of a park, road
and the like as shown in FIG. 12. The bottom and four
side walls of the tank 20 are covered by a water shield
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sheet (not shown). A large number of structural members
1 having water storage spaces inside are aligned in rows
and columns on the bottom of this water storage tank 20,
and vertically stacked upon one another to construct a
rainwater storage stack structure 21. A spacer member
22 having a certain thickness is provided to cover the
upper surface of the rainwater storage stack structure
21, and a cover layer 23 such as a protection sheet or
concrete pavement is further provided. A manhole 24 is
provided adjacent one end of this rainwater storage fa-
cility in fluid communication with one end portion or else-
where of the water storage tank 20 to allow for storing of
rainwater in the rainwater storage stack structure 21 or
drainage from the rainwater storage stack structure 21
through the manhole 24.
[0031] The structural member 1 that constitutes the
rainwater storage stack structure 21 is a synthetic resin
molded product. As shown in FIG. 1 to FIG. 9, rectangular
frusta 2 having a certain height are regularly spaced apart
front and back and right and left on a flat rectangular
bottom plate 3 having a certain thickness, with the bot-
toms of the rectangular frusta completely open downward
through the bottom plate 3, and the bottom ends of ad-
jacent rectangular frusta 2 are connected to one another
via bottom plate parts 3a and 3b of the bottom plat 3.
While the structural member 1 shown in these drawings
has a square bottom plate 3 and four rectangular frusta
2 arranged front and back and right and left, it should not
be limited to this example and may have two or more
rows of rectangular frusta 2 arranged front and back and
right and left as will be described later.
[0032] The rectangular frustum 2 is made up of a top
wall 2a that is rectangular in plain view and long in the
front to back direction, which is the up and down direction
in the top view of FIG. 4, and downwardly divergent slant-
ed peripheral wall plates 2b having a certain height ex-
tending from the four front, back, left, and right side edges
of the top wall 2a, and formed in the shape of a truncated
isosceles triangle, i.e., an isosceles trapezoid, when
viewed from the front, with protrusions 4 formed at both
ends in the lengthwise direction of the top wall 2a, i.e.,
at both ends at the front and back, having the same shape
with a certain height and a constant width in the front to
back direction. Rectangular frusta 2 formed as described
above are arranged in rows and columns, i.e., front and
back and right and left on the bottom plate 3, as men-
tioned above, with the lengthwise direction of their top
plates 2a oriented in the front to back direction.
[0033] The downwardly divergent slanted peripheral
wall plates 2b extending diagonally outwards from the
four side edges of the top wall 2a of the rectangular frus-
tum 2 are made up of front-side and rear-side slanted
walls 2b-1 and 2b-2 and slanted walls on both sides 2b-
3 and 2b-4 continuous at right angles with both sides of
the front-side and rear-side slanted walls 2b-1 and 2b-2
over the entire length at front and rear ends thereof. The
slanted wall on one side 2b-3 of one of the rectangular
frusta 2 and 2 arranged adjacent each other right and

left, and the slanted wall on the other side 2b-4 opposite
the slanted wall on one side 2b-3 of the other rectangular
frustum 2 are connected to each other between the lower
ends of these side walls 2b-3 and 2b-4 by a center bottom
plate part 3a, which is part of the bottom plate 3 extending
long in the front to back direction with a constant width.
The front-side slanted wall 2b-1 and the rear-side slanted
wall 2b-2 opposite each other of the rectangular frusta 2
adjacent each other front to back are connected to each
other at the lower ends thereof by a bottom plate part 3b
that is thin and long in the left-right direction.
[0034] On the other hand, of the rectangular frusta 2
and 2 adjacent each other right and left, from the lower
ends of the slanted wall on the other side 2b-4 of one of
the rectangular frustum 2 and the slanted wall on one
side 2b-3 of the other rectangular frustum 2, which face
both side edges of the bottom plate 3, bottom plate parts
on both sides 3a’ and 3a’, which are part of the bottom
plate 3, protrude horizontally outward, these bottom plate
parts on both sides 3a’ and 3a’ forming both side edge
parts of the structural member 1. These bottom plate
parts on both sides 3a’ have a width of about one half of
the width of the center bottom plate part 3a connecting
the lower ends of the rectangular frusta 2 adjacent each
other right and left.
[0035] The bottom plate 3 includes the center bottom
plate part 3a that connects the lower ends of the opposite
slanted peripheral wall plates 2b-3 and 2b-4 of rectan-
gular frusta 2 adjacent each other in the left-right direc-
tion, and the thin, long bottom plate part 3b that connects
the lower ends of the opposite slanted walls 2b-1 and 2b-
2 of rectangular frusta 2 adjacent each other in the front
to back direction, as well as a rectangular outer frame
rim 10 surrounding the lower ends of the rectangular frus-
ta 2 arranged front and back and right and left along the
four peripheral edges of the bottom plate 3 and protruded
upward to a certain height. The outer ends of the bottom
plate parts on both sides 3a’ and 3a’ that protrude hori-
zontally from the lower ends of the slanted walls 2b-3
and 2b-4 of the rectangular frusta 2 arranged right and
left and facing frame parts on both sides 10a and 10a of
the rectangular outer frame rim 10 are integrally connect-
ed to the inner face at the lower ends of the frame parts
on both sides 10a and 10a. The lower ends of the rear-
side slanted walls 2b-2 of rectangular frusta 2 on one
side located at the rear edge, and the lower ends of the
front-side slanted walls 2b-1 of rectangular frusta 2 on
the other side located at the front edge, of the outer rim
of the bottom plate 3 of the structural member 1, are
integrally connected to the inner face of the front and
back frame parts of the rectangular outer frame rim 10
without the bottom plate parts.
[0036] The protrusions 4 and 4 protruding at both ends
in the front and back of the lengthwise direction of the
top wall 2a of each rectangular frustum 2 extend over the
entire width of the top wall 2a and are hollow so that the
inside thereof communicates with the inside of the rec-
tangular frustum 2. The protrusions 4 and 4 have flat

9 10 



EP 2 896 755 A1

7

5

10

15

20

25

30

35

40

45

50

55

horizontal top surfaces, and end faces on both sides that
are inclined at the same angles with those of the slanted
walls on both sides 2b-3 and 2b-4 of the rectangular frus-
tum 2 and are continuous with the upper ends of these
slanted walls on both sides 2b-3 and 2b-4.
[0037] The inner faces of the protrusions 4 and 4 pro-
truding at both ends in the front and back of the top wall
2a of the rectangular frustum 2 opposite each other in
the front and back are distanced from each other equally
to or slightly wider than the width between the lower ends
of the slanted walls on both sides 2b-3 and 2b-4 of the
rectangular frustum 2. The protrusions are thus config-
ured in a stacked condition so that, when the structural
members 1 are stacked upon one another in alternating
orthogonal directions to build a rainwater storage stack
structure 21, the lower ends of the slanted walls on both
sides 2b-3 and 2b-4 oriented in the front to back direction
of an upper structural member 1 are fitted onto the top
walls 2a between the protrusions 4 and 4 in the front and
back of the lower structural member 1, so that the lower
ends of these slanted walls on both sides 2b-3 and 2b-
4 engage with the corners formed by the lower ends of
the inner faces of the front and back protrusions 4 and
4, and the front and back ends of the top wall 2a contin-
uous with these lower ends of the inner faces, respec-
tively.
[0038] The dimension in the lengthwise direction be-
tween the centers of the top walls 2a and 2a of rectangular
frusta 2 and 2 adjacent each other front to back of the
structural member 1 is equal to the dimension between
the centers in the width direction of the top walls 2a and
2a of rectangular frusta 2 and 2 adjacent each other right
and left. In addition, the width of the center bottom plate
part 3a connecting the lower ends of the rectangular frus-
ta 2 and 2 adjacent each other right and left is substan-
tially equal to the length between the inner faces of the
front and back protrusions 4 and 4 facing each other over
the thin, long bottom plate part 3b of the rectangular frusta
2 and 2 adjacent each other front to back.
[0039] Further, in the center bottom plate part 3a and
the bottom plate parts on both sides 3a’ and 3a’ extending
horizontally to the sides from the lower ends of the slanted
walls on both sides 2b-3 and 2b-4 of each rectangular
frustum 2, downwardly open center engaging recess 5
and engaging recesses on both sides 5’ and 5’ are re-
spectively formed in parts that will overlap the protrusions
4 and 4 when structural members 1 are stacked upon
one another, with the lengthwise direction of the top walls
2a being oriented in orthogonal directions. Namely, bot-
tom plate parts overlapping the protrusions 4 and 4,
namely, the bottom plate parts connecting the lower ends
in the center in the front to back direction of the opposite
slanted walls on both sides 2b-3 and 2b-4 of rectangular
frusta 2 and 2 adjacent each other right and left, and
bottom plate parts extending from the lower ends in the
center in the front to back direction of one slanted wall
2b-3, and the other slanted wall 2b-4, of one and the
other rectangular frusta 2 respectively facing towards

both lateral ends of the bottom plate 2, to the lower ends
of the frame parts on both sides of the rectangular outer
frame rim 10, are made to bulge upward and deformed
in the same shape as that from the top surfaces of the
protrusions 4 and 4 to the inclined end faces on both
sides thereof. The structural member 1 is thus configured
so that these engaging recesses 5 and 5’ fit over the
protrusions 4 and 4 of the structural member 1 arranged
below and engage therewith.
[0040] The lower end central portions 2b-3’ and 2b-4’
of the slanted walls on both sides 2b-3 and 2b-4 of the
slanted peripheral wall plates 2 of each rectangular frus-
tum 2 are not provided with a recess that is continuous
with the engaging recess 5 or 5’ but are protruded down-
ward from the underside of the base end of the engaging
recess 5 or 5’ with a length corresponding to the height
of the protrusions 4, as shown in FIG. 6, so that, when
the structural members 1 and 1 are stacked upon one
another, these portions engage with both ends of the top
walls 2a, at the lower corners on the inner side of the
protrusions 4 and 4, of the lower structural member 1,
and are supported on both ends of the top walls 2a.
[0041] Further, the center engaging recess 5 provided
in the center bottom plate part 3a is formed over the entire
width of the center bottom plate part 3a, so that, when
the structural members 1 and 1 are vertically stacked
upon one another in alternating orthogonal directions, as
shown in FIG. 13, the engaging recesses 5 are placed
over and engage with the opposite protrusions 4 and 4
of the lower structural members 1 adjacent each other
right and left such that these protrusions 4 and 4 are
housed into the both sides of the engaging recesses 5.
The engaging recesses on both sides 5’ and 5’ provided
in the bottom plate parts on both sides 3a’ and 3a’, which
are continuous with inner faces of both frame parts 10a
and 10a of the outer frame rim 10 and forming both side
edges of the structural member 1, are placed over the
protrusions 4 on the outer side of the top walls 2a and
2a of adjacent rectangular frusta 2 and 2 of the lower
structural member 1. Open recesses 10b are cut out in
the same shape as the engaging recess 5’ in the frame
parts on both sides 10a and 10a of the outer frame rim
10 continuous with the bottom plate parts on both sides
3a’ where the engaging recesses on both sides 5’ and 5’
are formed, so that the engaging recesses 5’ communi-
cate with the outside through these open recesses 10b.
[0042] One to several large and small water passage
holes 6 that extend through in the up and down direction
are drilled in each of the top walls 2a of the rectangular
frusta 2, protrusions 4 and 4 protruded on the top walls
2a, and all of the bottom plate parts 3a, 3a’, and 3b. Re-
inforcing ribs 7a that are continuous with the opposite
surfaces at upper ends of the slanted walls on both sides
2b-3 and 2b-4 of the rectangular frustum 2 at both ends
and extend long in the width direction of the top walls 2a
are protruded downward, from the underside at both ends
in the widthwise direction of the top walls 2a of the rec-
tangular frusta 2. Two reinforcing ribs 7b and 7b having
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a certain height are protruded in a lower portion of the
outer walls of the slanted walls on both sides 2b-3 and
2b-4, with a certain distance from each other in the front
to back direction, and with the lower ends being contin-
uous with the front and back upper surfaces of the en-
gaging recesses 5 in the bottom plate parts 3a.
[0043] The structural members 1 configured as de-
scribed above can be neatly and compactly stacked upon
one another during transportation or storage as shown
in FIG. 10 and FIG. 11, with the rectangular frusta 3 and
3 deeply nested in each other. When in use, a multiplicity
of structural members 1 are aligned in rows and columns,
with opposing frame parts of frame rims 10 abutted and
joined together inside the water storage tank 20 formed
by digging down into the ground under a park, road, or
the like, and upper layer structural members 1 are placed
upon lower layer structural members 1 such that the
lengthwise direction of the rectangular top walls 2a of the
rectangular frusta 2 of the upper layer structural members
1 are oriented orthogonal to the lengthwise direction of
the top walls 2a of the rectangular frusta 2 of the lower
layer structural members 1, thereby to build the rainwater
storage stack structure 21, as shown in FIG. 12.
[0044] When structural members 1 are stacked upon
one another such that upper structural members 1 are
oriented orthogonal to lower structural members 1, as
shown in FIG. 13, the lower end central portions 2b-3’
and 2b-4’ of the slanted walls on both sides 2b-3 and 2b-
4 of rectangular frusta 2 of the upper structural member
1 are supported on both ends of the top walls 2a of rec-
tangular frusta 2 of the lower structural member 1 corre-
sponding to the rectangular frusta 2 of the upper struc-
tural member 1, and the lower ends of the portions 2b-
3’ and 2b-4’ engage with the lower ends on the inner side
of the protrusions 4 and 4 protruded upward from both
ends of these top walls 2a. The center engaging recesses
5 provided in the center bottom plate part 3a between
the lower end central portions 2b-3’ and 2b-4’ of the op-
posite slanted walls 2b-3 and 2b-4 of adjacent rectangu-
lar frusta 2 of the upper structural member 1 bridge be-
tween the opposite protrusions 4 and 4 of adjacent rec-
tangular frusta 2 and 2 of the lower structural member 1
and are fitted over these protrusions 4 and 4, so that the
bottom faces of the center engaging recesses abut and
are supported on the top surfaces of these protrusions 4
and 4.
[0045] At the same time, the engaging recesses on
both sides 5’ provided in the bottom plate parts on both
sides 3a’ and 3a’, which form both side edges of the upper
structural member 1, are placed over and supported by
the protrusions 4 on the outer side of the top walls 2a
and 2a of adjacent rectangular frusta 2 and 2 of the lower
structural member 1.
[0046] In this manner, a plurality of structural members
1 are stacked upon one another to build a rainwater stor-
age stack structure 21 such that upper structural mem-
bers 1 are oriented with the lengthwise direction of the
top walls 2a of their rectangular frusta 2 being oriented

at right angles with that of the lower structural members
1, whereby the lower end central portions of the slanted
walls on both sides 2b-3 and 2b-4 of the rectangular frusta
2 of the upper structural members 1 are fitted in between
the protrusions 4 and 4 protruded at both ends in the
lengthwise direction of the top walls 2a of the rectangular
frusta 2 of the lower structural members 1 and are sup-
ported on both ends of the top walls 2a at the lower ends
on the inner side of the protrusions 4 and 4, and whereby
the engaging recesses 5 and 5’ provided in the bottom
plate parts 3a and 3a’ of the upper structural members
1 are placed over the protrusions 4 and 4 of the lower
structural members 1.
[0047] Accordingly, the structural members are
stacked up, with the engaging recesses 5 and 5’ provided
in the bottom plate parts 3a and 3a’ extending horizontally
from the lower end central portions of the slanted walls
on both sides 2b-3 and 2b-4 of the rectangular frusta 2
of the upper structural members 1 placed over the pro-
trusions 4 and 4 protruded at both ends in the lengthwise
direction of the top walls 2a of the rectangular frusta 2 of
the lower structural members 1. Therefore, in this stack
structure, the upper structural members 1 are stacked
upon the top walls 2a of the rectangular frusta 2 of the
lower structural members 1 such that the entire rectan-
gular frusta 2 of the upper structural members 1 from the
lower end to the top surface thereof is placed above the
top walls 2a, so that the internal space of the rectangular
frusta 2 can entirely be used as the space for storing
rainwater, and thus the capacity for rainwater can be in-
creased. Also, the number of structural members 1 used
to build a rainwater storage stack structure 21 of a pre-
determined height inside the water storage tank 20 can
be reduced, so that the assembling operation of the rain-
water storage stack structure 21 can be carried out effi-
ciently.
[0048] Further, the engaging recesses 5 and 5’ provid-
ed in the bottom plate parts 3a and 3a’ of the upper struc-
tural members 1 are placed over and engage with the
protrusions 4 and 4 protruded on the top walls 2a of the
rectangular frusta 2 of the lower structural members 1
and, accordingly, can prevent unwanted displacement of
the structural members 1 in the lengthwise direction of
the top walls 2a. Also, the lower end central portions 2b-
3’ and 2b-4’ of the slanted walls on both sides 2b-3 and
2b-4 of the upper structural members 1 engage with the
lower ends on the inner side of the protrusions 4 and 4
protruded on the top walls 2a of the rectangular frusta 2
of the lower structural members 1 and can prevent un-
wanted displacement of the structural members 1 in the
widthwise direction of the top walls 2a.
[0049] The slanted walls on both sides 2b-3 and 2b-4
of the upper structural members 1 try to stretch and de-
form outwards on the top walls 2a of the rectangular frusta
2 of the lower structural members 1 by the load applied
vertically on the structural members 1 of the uppermost
layer. However, as mentioned above, the lower end cen-
tral portions of the slanted walls on both sides 2b-3 and
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2b-4 engage with the lower ends on the inner side of the
protrusions 4 and 4 protruded on the top walls 2a of the
rectangular frusta 2 of the lower structural members 1
and prevent unwanted outward displacement, and there-
fore a stable stack condition can be maintained without
any displacement of the structural members 1.
[0050] The slanted walls on both sides 2b-3 and 2b-4
of the rectangular frusta 2 of the structural members 1
may have two reinforcing grooves 7 each with a constant
width and recessed into the rectangular frusta 3 such as
to have a U-shaped cross section as shown in FIG. 14,
the reinforcing grooves extending from the top walls 2a
to the lower ends of the slanted walls on both sides 2b-
3 and 2b-4 over their entire height, respectively. With
such reinforcing grooves 7 extending over the entire
height of the slanted walls on both sides 2b-3 and 2b-4
of the rectangular frusta 2, the structural member 1 can
exhibit a high pressure resistance relative to the load
applied from above, and can prevent buckling deforma-
tion of the slanted walls 2b of the rectangular frusta 2.
Also, as compared with the structure in which reinforcing
ribs are protruded over the entire height of the slanted
walls on both sides 2b-3 and 2b-4, stacking operation
wherein the structural members are fitted to one another
for storage or the like can be performed with little restric-
tions. Moreover, reinforcing ribs may be provided on the
recessed surface of the reinforcing grooves 7.
[0051] Other than the reinforcing grooves 7 formed to
the slanted walls on both sides 2b-3 and 2b-4 of the rec-
tangular frusta 2 to give pressure resistance to the rec-
tangular frusta 2, as shown in FIG. 15, reinforcing groove
part 71 with a U-shaped cross section recessed down-
ward may be formed at the center in the lengthwise di-
rection of the top walls 2a, also to give pressure resist-
ance to the rectangular frusta 2. More specifically, this
reinforcing groove part 71 is formed by bending the upper
end of the top wall 2a downward. Lower ends of the front
and rear groove walls 71a and 71b reach an approxi-
mately middle height of the rectangular frusta 2, and are
joined together by a groove bottom 71c. Both ends of
these front and rear groove walls 71a and 71b and the
groove bottom 71c are continuous with the opposite walls
of the slanted walls on both sides 2b-3 and 2b-4 of the
rectangular frustum 2. The upper ends are entirely open
upwards from the center in the lengthwise direction of
the top walls 2a. Both ends are entirely open outwards
from the center in the width direction of the front to back
direction of the slanted walls on both sides 2b-3 and 2b-
4. Furthermore, ribs 72 and 72 are protruded downward
from both ends of the underside of the groove bottom
71c of the reinforcing groove part 71, both ends of which
are continuous with the opposite walls of the slanted walls
on both sides 2b-3 and 2b-4. Other structural features
are the same as those of the embodiment described
above, and same parts are given the same reference
numerals and will not be described in detail again.
[0052] With the structural member 1 configured as de-
scribed above to include reinforcing groove parts 71,

when structural members 1 are successively stacked up-
on one another such that upper structural members 1 are
oriented orthogonal to lower structural members 1 to
build a rainwater storage stack structure 21 of a prede-
termined height, and when load is applied vertically from
above, the slanted walls on both sides 2b-3 and 2b-4 of
upper structural members 1 try to bulge and deform in-
ward and outward in an arcuate shape at the lower end
central portions engaging with the lower ends on the inner
side of the protrusions 4 and 4 protruded on the top walls
2a of the lower structural members 1 as a fulcrum, but
the reinforcing groove part 71 with a U-shaped cross sec-
tion and ribs 72 and 72 that integrally connect the oppo-
site walls of the slanted walls on both sides 2b-3 and 2b-
4 firmly resist such a deformation, and can reliably pre-
vent buckling deformation of the slanted walls on both
sides 2b-3 and 2b-4.
[0053] The structural member 1 described above is of
a small size with four rectangular frusta 2 and 2 arranged
front and back and right and left with a predetermined
distance. The structural member 1 according to the
present invention is not limited to this and may be, for
example, as shown in FIG. 16, of a medium size 1A with
two rows of rectangular frusta 2 arranged side by side
on right and left, each row consisting of four rectangular
frusta 2 in front to back series arrangement on a floor
board, or a medium size 1B with four rows of rectangular
frusta 2 arranged side by side on right and left, each row
consisting of two rectangular frusta 2 and 2 in front to
back series arrangement on a floor board, or a large size
1C with four rows of rectangular frusta 2 arranged side
by side on right and left, each row consisting of four rec-
tangular frusta 2 in front to back series arrangement on
a floor board.
[0054] These large and small structural members 1,
1A to 1C are aligned in rows and columns in various
combinations on the bottom of the water storage tank 20
such that their top walls 2a are all oriented in the same
lengthwise direction, and on top of this group of structural
members, another group of structural members 1, 1A to
1B are stacked as the upper layer such that the length-
wise direction of their top plates 3a is oriented orthogonal
to the lengthwise direction of the top walls 2a of the lower
layer structural members, whereby the rainwater storage
stack structure 21 is constructed.

Industrial Applicability

[0055] A rainwater storage stack structure is formed
by aligning a large number of structural members in rows
and columns and stacking them upon one another inside
a water storage tank formed by digging down into the
ground of a park, road, or a car park beside the road.
Rainwater storage facilities having a rainwater storage
tank may be configured underground by providing pave-
ment above this rainwater storage stack structure to allow
people to walk or cars to drive.
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Reference Signs List

[0056]

1 Structural member
2 Rectangular frustum
2a Top wall
2b Slanted peripheral wall plate
3a, 3b Bottom plate part
4, 4 Protrusion
5, 5’ Engaging recess
6 Water passage hole
10 Outer frame rim
20 Water storage tank
21 Rainwater storage stack structure

Claims

1. A structural member used for a rainwater storage
stack structure, the structural member being ar-
ranged in rows and columns and vertically stacked
upon one another in alternating orthogonal direc-
tions inside a water storage tank formed by digging
down into the ground for constructing the rainwater
storage stack structure, the structural member com-
prising hollow rectangular frusta having a certain
height arranged front and back and right and left on
a flat rectangular bottom plate, each rectangular frus-
tum having a bottom completely open through the
bottom plate downward, and including a rectangular
top wall that is long in a front to back direction, down-
wardly divergent slanted peripheral wall plates ex-
tending from four side edges of the top wall, protru-
sions having a certain height at both ends in a length-
wise direction of the top wall, distanced from each
other such that between the protrusions fittable are
lower end parts of slanted walls on both sides of the
slanted peripheral wall plate of a rectangular frustum
of a structural member stacked up above, the lower
ends of the slanted peripheral wall plates of adjacent
rectangular frusta being coupled together with the
floor board, and a downwardly open engaging recess
formed in part of the bottom plate continuous with
the lower ends of the slanted wall plates on both
sides of the rectangular frusta to be placed over the
protrusions protruded on the top walls of the rectan-
gular frusta of a structural member arranged below.

2. The structural member used for a rainwater storage
stack structure according to claim 1, wherein the en-
gaging recess formed in part of the bottom plate con-
tinuous with the lower ends of the slanted walls on
both sides of the rectangular frusta is formed by mak-
ing part of the bottom plate bulge upward in the same
shape as that from the top surface of the protrusion
to the slanted wall surfaces on both sides of the pro-
trusion protruded on the top wall of the rectangular

frusta, and the lower ends of the slanted walls on
both sides are protruded downward from both ends
of the engaging recess with a length corresponding
to a height of the protrusions.

3. The structural member used for a rainwater storage
stack structure according to claim 1, wherein the
slanted walls on both sides that extend downward
from longer sides of the top walls of the rectangular
frusta are formed with reinforcing grooves extending
between upper and lower ends.

4. The structural member used for a rainwater storage
stack structure according to claim 1, wherein a rein-
forcing groove part having a U-shaped cross section
is formed in a central portion in the lengthwise direc-
tion of the top walls of the rectangular frusta so as
to be recessed downward, both ends of the reinforc-
ing groove part being continuous with opposite walls
of the slanted walls on both sides.

5. The structural member used for a rainwater storage
stack structure according to claim 1 or 2, wherein
vertically extending water passage holes are formed
in the top walls, in the protrusions protruded at both
ends in the lengthwise direction of the top walls, and
in the bottom plate parts and the engagement re-
cesses in the rectangular frusta.

6. The structural member used for a rainwater storage
stack structure according to claim 1, wherein the
structural member is configured to be square or rec-
tangular in plain view, with at least two rectangular
frusta arranged in the lengthwise direction and in the
width direction of the bottom plate, respectively, the
lower ends of the slanted peripheral wall plates of
adjacent rectangular frusta being connected by parts
of the top plate, and an outer frame rim having a
certain height integrally formed along four peripheral
edges of the bottom plate.
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