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(54) RAILWAY VEHICLE PROVIDED WITH COLLISION ENERGY ABSORPTION STRUCTURE

(57) A collision energy absorption device that ab-
sorbs a large collision energy has a drawback in that a
large collapse load tends to occur, and that passengers
tends to receive impact during initial collapse of the col-
lision energy absorption device.

A railway vehicle provided with a collision energy
absorption structure configured to absorb collision ener-
gy is provided, wherein a body of the railway vehicle in-
cludes an underframe constituting a floor surface, side
structure bodies having entrances on both end portions
in a width direction of the underframe, a first end portion
floor disposed at an end portion in a longitudinal direction
of the underframe, a gangway frame standing on an up-
per surface at a front end portion of the first end portion
floor, a horseshoe-shaped first frame standing on an up-
per surface of the first end portion floor at a center portion
side in the longitudinal direction of the underframe of the
gangway frame, and a horseshoe-shaped second frame
standing on an upper surface of the underframe at a cent-
er portion side in the longitudinal direction of the under-
frame of the first frame, wherein the railway vehicle in-
cludes an entrance provide on the side structure body
adjacent to the second frame, a first beam group con-
necting an upper portion of the gangway frame and an
upper portion of the first frame, a second beam connect-
ing an upper portion of the first frame and an upper portion
of the second frame, and a collapse area provided on
the side structure body on an upper portion of the en-
trance.
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Description

Technical Field

[0001] The present invention relates to a railway vehi-
cle provided with a collision energy absorption structure
that absorbs collision energy by plastic deformation of a
part of the railway vehicle when the railway vehicle col-
lides against an obstacle.

Background Art

[0002] A body of a railway vehicle includes an under-
frame constituting a floor surface, side structure bodies
standing on both end portions in a width direction of the
underframe and forming side walls of the body, an end
structure body standing on both end portions in a longi-
tudinal direction of the underframe, and a roof structure
body arranged on an upper end portion of the side struc-
ture bodies and the end structure body and constituting
a roof of the body.
[0003] The underframe includes a pair of side beams
disposed along a longitudinal direction on both end por-
tions in the width direction of the underframe, and side
beams disposed along a width direction on both end por-
tions in the longitudinal direction of the underframe. A
body bolster is provided at a position separated by a pre-
determined distance from the side beam toward the cent-
er portion in the longitudinal direction of the underframe
in a manner bridged between the pair of side beams and
along the end beam. A pair of center beams having a
coupler is disposed between the side beams and the
center portion of the body bolster.
[0004] A bogie that moves along a track is disposed
on a lower surface on both end portions in the longitudinal
direction of the body, and a center pin being the center
of revolution of the bogie is disposed in a manner sus-
pended downward from the center portion in the width
direction of the body bolster. The bogie and the center
pin are connected via a traction device, and traction force
during acceleration or brake force during deceleration
are transmitted via the center pin to the body bolster.
Further, when multiple railway vehicles are connected to
form a train formation, tensile load and compressive load
from an adjacent railway vehicle are transmitted via the
coupler to the center beams constituting the underframe,
so that the underframe including the body bolster and
the center beams has a strong rigidity.
[0005] When the railway vehicle collides against an ob-
stacle, since the underframe constituting the floor surface
of the body has a high rigidity, plastic deformation of the
underframe absorbing the collision energy and relieving
the impact to the passengers and crew (hereinafter re-
ferred to as passengers and the like) cannot be expected,
and impact may be applied on the passengers and the
like.
[0006] Therefore, patent literature 1 (Japanese Patent
Application Laid-Open Publication No. 2007-326550)

teaches a technique for reliving the impact applied on
the passengers and the like caused by collision, by pro-
viding a collision energy absorption device for absorbing
collision energy by plastic deformation when the railway
collides against an obstacle on the end beam of the un-
derframe.

Summary of Invention

Technical Problem

[0007] An amount of absorption of collision energy of
a collision energy absorption device (Patent Literature 1:
Japanese Patent Application Laid-Open Publication No.
2007-326550) is given by the product of collapse load
and collapse quantity (collapse dimension in the longitu-
dinal direction). Therefore, in a collision energy absorp-
tion device absorbing a large amount of collision energy,
the collapse load becomes large, and the passengers
and the like may receive impact during initial collapse of
the collision energy absorption device.
[0008] The object of the present invention is to provide
a railway vehicle having a collision energy absorption
structure capable of relieving the impact during collision.

Solution to Problem

[0009] The above object can be realized by a railway
vehicle provided with a collision energy absorption struc-
ture configured to absorb collision energy, a body of the
railway vehicle including an underframe constituting a
floor surface, side structure bodies having entrances on
both end portions in a width direction of the underframe,
a first end portion floor disposed on an end portion in a
longitudinal direction of the underframe, a gangway
frame standing on an upper surface at a front end portion
of the first end portion floor, a horseshoe-shaped first
frame standing on an upper surface of the first end portion
floor at a center portion side in the longitudinal direction
of the underframe of the gangway frame, and a horse-
shoe-shaped second frame standing on an upper surface
of the underframe at a center portion side in the longitu-
dinal direction of the underframe of the first frame, where-
in the railway vehicle includes an entrance provide on
the side structure body adjacent to the second frame, a
first beam group connecting an upper portion of the gang-
way frame and an upper portion of the first frame, a sec-
ond beam connecting an upper portion of the first frame
and an upper portion of the second frame, and a collapse
area provided on the side structure body on an upper
portion of the entrance.

Advantageous Effects of Invention

[0010] The present invention enables to provide a rail-
way vehicle having a collision energy absorption struc-
ture capable of relieving impact during collision. Brief De-
scription of Drawings
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FIG. 1 is a side view of one example of a railway
vehicle having a gangway disposed at a head por-
tion.
FIG. 2 is a perspective view of a framework of a rail-
way vehicle (refer to FIG. 1) having a collision energy
absorption structure disposed at the head portion.
FIG. 3 is a vertical cross-sectional view (A-A cross-
section of FIG. 2) of a direction along a longitudinal
direction of the railway vehicle having the collision
energy absorption structure disposed at the head
portion.
FIG. 4 is a horizontal cross-sectional view (B-B
cross-section of FIG. 1) at a floor surface height of
the railway vehicle having the collision energy ab-
sorption structure disposed at the head portion.
FIG. 5 is a vertical cross-sectional view (C-C cross-
section of FIG. 3) along a width direction of the head
portion of the railway vehicle having the collision en-
ergy absorption structure.
FIG. 6 is a horizontal cross-sectional view (D-D
cross-section of FIG. 5) of an upper end portion
height of a gangway frame of the railway vehicle hav-
ing the collision energy absorption structure dis-
posed at the head portion.

Description of Embodiments

[0011] Now, an embodiment of a railway vehicle ac-
cording to the present invention will be described with
reference to the drawings. At first, directions related to
the railway vehicle referred to in the present description
are defined as a longitudinal direction (rail direction) 100
of a railway vehicle 1, a width direction (sleeper direction)
110 of the railway vehicle 1, and a height direction 120
of the railway vehicle 1 intersecting with the longitudinal
direction 100 and the width direction 110. The above-
defined directions are referred to as the longitudinal di-
rection 100, the width direction 110 and the height direc-
tion 120 in the following description.
[0012] Further, a direction toward a center portion in
the longitudinal direction 100 from an end portion (side
having a coupler 4) in the longitudinal direction 100 of
the railway vehicle 1 is referred to as rearward, and sim-
ilarly, a displacement (movement) toward the center por-
tion in the longitudinal direction 100 of the railway vehicle
1 is referred to as retreat.
[0013] FIG. 1 is a side view illustrating one example of
a railway vehicle having a gangway provided on a head
portion. A body 3 of the railway vehicle 1 includes an
underframe 20 constituting a floor surface, a side struc-
ture body 7 standing on both end portions in the width
direction 100 of the underframe 20, a rounded end struc-
ture body 18 standing on one end portion in the longitu-
dinal direction 100 of the underframe 20 and including a
driver’s cab, a (flat) end structure body (not shown) stand-
ing on the other end portion, and a roof structure body 9
mounted on an upper end portion of the end structure
bodies (18) and the side structure body 7.

[0014] The rounded end structure body 18 includes a
collapse area (crushable zone) E1 as a range collapsed
during collision, and a non-collapse area (survival zone)
F that is not collapsed during collision and tries to retain
the form prior to collision (refer to FIGs. 2 and 3).
[0015] The rounded end structure body 18 including a
driver’s seat (crew’s room) is also equipped with a gang-
way 16a (refer to FIG. 2) configured for example of a
gangway frame 40 through which passengers and the
like move to an adjacent car, and a bellows-shaped gang-
way hood 16b. The side structure body 7 includes win-
dows providing lighting and natural ventilation, a crew
entrance 14a through which the crew board and alight
the vehicle, and a passenger entrance 14b through which
passengers board and alight the vehicle. Further, the rail-
way vehicle 1 includes a bogie 5 disposed below both
end portions in the longitudinal direction 100 of the body
3 that moves along a track.
[0016] FIG. 2 is a perspective view of a framework of
the railway vehicle (refer to FIG. 1) having a collision
energy absorption structure disposed at the head portion,
and FIG. 3 is a vertical cross-sectional view (A-A cross-
section of FIG. 2) in a direction along the longitudinal
direction of the railway vehicle having the collision energy
absorption structure disposed at the head portion. FIG.
4 is a horizontal cross-sectional view (B-B cross-section
of FIG. 1) of a floor surface height of the railway vehicle
having the collision energy absorption structure disposed
at the head portion, and FIG. 5 is a vertical cross-sec-
tional view (C-C cross-section of FIG. 3) along the width
direction at the head portion of the railway vehicle having
the collision energy absorption structure. Further, FIG. 6
is a horizontal cross-sectional view (D-D cross-section
of FIG. 5) taken at an upper end portion height of the
gangway frame of the railway vehicle having the collision
energy absorption structure disposed at the head portion.
[0017] The underframe 20 (refer to FIG. 4) is mainly
composed of of side beams 22 arranged along the lon-
gitudinal direction 100 at both end portions in the width
direction 110, an end beam 25 arranged along the width
direction 110 at one end portion in the longitudinal direc-
tion 100, a body bolster 21 having the bogie 5 (refer to
FIG. 1) arranged therebelow, a pair of center-portion
center beams 23 connecting the center portion in the
width direction 110 of the end beam 25 and the center
portion in the width direction 110 of the body bolster 21,
a pair of end-portion center beams 24 connecting both
end portions in the width direction 110 of the end beam
25 and both end portions in the width direction 110 of the
body bolster 21, and a second end-portion floor 26b laid
between the side beams 22.
[0018] The coupler 4 (refer to FIG. 1) disposed below
the gangway 16a and an impact absorber (not shown)
connected to the coupler 4 are provided on the center-
portion center beam 23, relieving the impact caused
when the railway vehicle 1 connects to other cars or the
vibration in the longitudinal direction 100 when the rail-
way vehicle 1 accelerates or decelerates.
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[0019] On both end portions in the width direction 110
of the end beam 25 (refer to FIG. 4) are disposed a pair
of energy absorption devices 90 in a cantilever state
along the longitudinal direction 100. Similarly, on the
center portion in the width direction 110 of the end beam
25 are disposed a pair of lower beams 30 in a cantilever
state along the longitudinal direction 100. The lower
beams 30 are fixed for example by welding to the end
beam 25 in a continuous manner to the center-portion
center beams 23. A substantially semicircular first end
floor 26a is disposed on the upper surface of the lower
beams 30 and an upper edge of the end beam 25 (refer
to FIGs. 3 and 4).
[0020] The gangway frame 40 (a gangway frame col-
umn 40a1) to which the gangway hood 16b (refer to FIG.
1) is fixed is disposed on an upper surface at the end
portion (front end edge) in the longitudinal direction 100
of the first end floor 26a, and horseshoe-shaped first
frame 50 and second frame 70 are disposed in the named
order toward the center portion in the longitudinal direc-
tion 100 (refer to FIG. 2). The first frame 50 is disposed
on an upper surface of the first end floor 26a, and the
second frame 70 is disposed on an upper surface of the
second end-portion floor 26b (refer to FIG. 3).
[0021] The gangway frame 40 is composed of a pair
of gangway frame columns 40a1 standing on an end por-
tion (front end edge) in the longitudinal direction 100 of
the first end floor 26a and a gangway frame horizontal
beam 40a2 bridged between upper end portions of the
gangway frame columns 40a1.
[0022] The first frame 50 is composed of first frame
columns 50a1 standing on both end portions in the width
direction 110 of the first end floor 26a, and an arch-
shaped first frame arc beam 50a2 bridged across the
upper end portions of the first frame columns 50a1. Sim-
ilarly, the second frame 70 is composed of second frame
columns 71a1 standing on both end portions in the width
direction 110 of a second end floor (underframe) 26b,
and an arch-shaped second frame arc beam 70a2
bridged across the upper end portion of the second frame
columns 71a1 (refer to FIGs. 2 and 3).
[0023] The first frame arc beam 50a2 includes a first
frame horizontal beam 50b with a form similar to a bow-
string stretched substantially horizontally in an arc,
wherein a pair of first frame upper columns 50v standing
in the height direction 120 on the upper surface of the
first frame horizontal beam 50b connects the lower sur-
face of the first frame arc beam 50a2 and the upper sur-
face of the first frame horizontal beam 50b. Similarly, the
second frame arc beam 70a2 has a second frame hori-
zontal beam 70b with a form similar to a bowstring
stretched substantially horizontally in an arc (refer to FIG.
2).
[0024] An upper portion of the gangway frame 40 and
an upper portion of the first frame 50 are connected by
a first beam group, wherein the first beam group consists
of a pair of first vertical oblique beams 32u, a pair of first
longitudinal beams 32L, and a pair of first horizontal ob-

lique beams 32s. The first vertical oblique beams 32u
connect the upper end portion of the gangway frame col-
umn 40a1 (both end portions of the gangway frame hor-
izontal beam 40a2) and the connection portions between
the first frame arc beam 50a2 and the first frame upper
columns 50v in an obliquely arranged manner within a
substantially vertical plane.
[0025] The first longitudinal beams 32L connect upper
end portions of the gangway frame columns 40a1 (both
end portions of the gangway frame horizontal beam
40a2) and the connection portions between the first
frame horizontal beam 50b and the first frame upper col-
umns 50v in a manner arranged along the longitudinal
direction 100.
[0026] The first horizontal oblique beams 32s connect
upper end portions of the gangway frame columns 40a1
(both end portions of the gangway frame horizontal beam
40a2) and the connection portions between the first
frame arc beam 50a2 and the first frame horizontal beam
50b in an oblique arrangement within a substantially hor-
izontal plane.
[0027] The first frame 50 and the second frame 70 are
connected by a plurality of beams 62 arranged along an
outer side surface of the vehicle of the roof structure body
9 and the side structure body 7 in the longitudinal direc-
tion 100 (refer to FIGs. 2 and 3). Moreover, the connec-
tion portion between the first frame horizontal beam 50b
and the first frame upper columns 50v (upper portion of
the first frame 50) and the connection portions between
the second frame arc beam 70a2 and the second frame
horizontal beam 70b (upper portion of the second frame
70) are connected by second beams (second horizontal
oblique beams 34s) in an oblique arrangement within a
substantially horizontal plane (refer to FIGs. 2 and 6).
[0028] Further, a pair of corner posts 46 standing on
the first end floor 26a on both sides in the width direction
110 of the gangway frame 40 in the rounded end structure
body 18 and connected to both end portions in the width
direction 110 of the first frame arc beam 50a2 are dis-
posed. At the center portions in the height direction 120
of the corner posts 46 are disposed reinforcement mem-
bers 45 connecting the corner posts 46 and the gangway
frame columns 40a1, and constituting a curved surface
of the rounded end structure body 18. The driver’s cab
windows 43 (refer to FIG. 5) is provided above the rein-
forcement members 45.
[0029] A crew entrance 14a disposed on the side struc-
ture body 7 is disposed within a range surrounded by the
second frame columns 71a1 constituting the second
frame 70, an entrance frame 7b arranged at a distance
from the second frame columns 71a1 along the longitu-
dinal direction 100 and standing on the second end-por-
tion floor 26b, and an entrance frame 7a bridged between
an upper end portion of the entrance frame 7b and an
upper end portion of the second frame columns 71a1
(FIG. 2, FIG. 3).
[0030] A process will now be described where the
rounded end structure body 18 collapses while absorbing

5 6 



EP 3 181 425 A1

5

5

10

15

20

25

30

35

40

45

50

55

impact when the railway vehicle 1 collides against an
obstacle on the track or the like. It is assumed that the
obstacle is a large-sized road vehicle, such as a truck
stalled in a crossing.
[0031] When the railway vehicle 1 collides against an
obstacle, the impact is transmitted to the coupler 4 and
the folded gangway hood 16b. The impact absorbing
mechanism (not shown) connected to the coupler 4 is
compressed, and the coupler 4 is retreated toward the
center portion in the longitudinal direction 100 of the rail-
way vehicle 1 while absorbing impact.
[0032] Next, along with the retreating of the gangway
frame 40 to which the gangway hood 16b is fixed, the
energy absorption devices 90 and the lower beams 30
collapse, and the first end floor 26a is subjected to plastic
deformation, absorbing the collision energy. At this time,
impact force H (refer to FIG. 6) causes the first longitu-
dinal beams 32L bridged between the upper portion of
the gangway frame 40 and the first frame horizontal beam
50b, and the first horizontal oblique beams 32s and the
first vertical oblique beams 32u bridged between the up-
per portion of the gangway frame 40 and the first frame
arc beam 50a2 to collapse, and the impact force H is
transmitted to the first frame 50. The behavior of the re-
spective portions related to the rounded end structure
body 18 during collision mentioned above is a phenom-
enon observed within the range of a collapse area E1
(refer to FIGs. 2 and 4).
[0033] Further, the impact force H transmitted from the
upper portion of the gangway frame 40 via the first lon-
gitudinal beams 32L and the like to the first frame hori-
zontal beam 50b is further transmitted via the second
horizontal oblique beam 34s bridged between the first
frame horizontal beam 50b and the second frame hori-
zontal beam 70b (both end portions) to the second frame
horizontal beam 70b. The second frame horizontal beam
70b pressed against the second horizontal oblique
beams 34s and both end portions in the width direction
110 of a second frame arc floor 70a2 to which the second
frame horizontal beam 70b connects causes plastic de-
formation of collapse areas E2 (refer to FIGs. 2 and 3)
disposed at a portion of the side structure bodies 7 on
the upper portion of the crew entrances 14a, absorbing
the collision energy caused when the railway vehicle 1
collides against an obstacle.
[0034] In other words, the impact force H accompany-
ing the collision with the obstacle is transmitted from the
upper portion of the gangway frame 40 via the first beam
group to the upper portion of the first frame 50, and further
transmitted from the upper portion of the first frame via
the second beam to the upper portion of the second frame
70, by which the upper portion of the second frame 70 is
strongly pressed rearward. As a result, impact force H is
absorbed in the process of plastic deformation of the col-
lapse areas E2 positioned rearward of the upper portion
of the second frame 70 and disposed on the side structure
bodies 7 above the crew entrances.
[0035] Although not illustrated, the lower beams 30,

the first horizontal oblique beams 32s, the first longitudi-
nal beams 32L and the first vertical oblique beams 32u
can be formed of extruded shape members formed of
aluminum alloy. Further, cuts or slits can be formed to
the side surfaces of these beams to facilitate collapse
and relieve the impact force (adjust the collapse load).
[0036] Based on the above-mentioned configuration,
impact caused by the railway vehicle 1 colliding against
an obstacle can be relieved, not only by the process in
which a collision energy absorption device 90 collapses,
but also by the process in which the member constituting
the collapse area E1 formed of components forming the
rounded end structure body 18 collapses, so that a rail-
way vehicle having a collision energy absorption struc-
ture capable of absorbing a large impact energy and re-
lieving the impact without increasing the collapse load
(peak load) can be provided.
[0037] By providing the collapse areas E2 on a portion
of the side structure bodies 7 above the crew entrances
14a, the impact (collision energy) when the railway ve-
hicle collides against an obstacle can be absorbed effec-
tively, so that a railway vehicle having a collision energy
absorption structure capable of relieving impact acting
on the passengers and the like can be provided.
[0038] Further, by providing the collapse areas E2 on
a portion of the side structure bodies 7 above the crew
entrances 14a, the crew entrances 14a can be prevented
from being damaged during collision and evacuation
routes can be ensured, so that the crew and the like can
evacuate easily through the crew entrances 14a.

Reference Signs List

[0039]

1 Railway vehicle
3 Body
4 Coupler
5 Underframe
7 Side structure body
8 End structure body
9 Roof structure body
14a Crew entrance
14b Passenger entrance
16a Gangway
16b Gangway hood
18 Rounded end structure body (driver’s cab)
20 Underframe
21 Body bolster
22 Side beam
23 Center-portion center beam
24 End-portion center beam
25 End beam
26a First end floor
26b Second end floor
30 Lower beam
32L First longitudinal beam
32s First horizontal oblique beam
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32u First vertical oblique beam
34s Second horizontal oblique beam
40 Gangway frame
40a1 Gangway frame column
40a2 Gangway frame horizontal beam
43 Driver’s cab window
45 Reinforcement member
46 Corner post
50 First frame
50a1 First frame column
50a2 First frame arc beam
50b First frame horizontal beam
50v First frame upper column
62 Beam
70 Second frame
70a1 Second frame column
70a2 Second frame arc beam
70b Second frame horizontal beam
80a, 80b Entrance frame
90 Energy absorption device
100 Longitudinal direction
110 Width direction
120 Height direction
H Impact force

Claims

1. A railway vehicle provided with a collision energy
absorption structure configured to absorb collision
energy,
a body of the railway vehicle comprising:

an underframe constituting a floor surface;
side structure bodies having entrances on both
end portions in a width direction of the under-
frame;
a first end portion floor disposed at an end por-
tion in a longitudinal direction of the underframe;
a gangway frame standing on an upper surface
at a front end portion of the first end portion floor;
a horseshoe-shaped first frame standing on an
upper surface of the first end portion floor at a
center portion side in the longitudinal direction
of the underframe of the gangway frame; and
a horseshoe-shaped second frame standing on
an upper surface of the underframe at a center
portion side in the longitudinal direction of the
underframe of the first frame;

wherein the railway vehicle comprises
an entrance provide on the side structure body ad-
jacent to the second frame,
a first beam group connecting an upper portion of
the gangway frame and an upper portion of the first
frame,
a second beam connecting an upper portion of the
first frame and an upper portion of the second frame,

and
a collapse area provided on the side structure body
on an upper portion of the entrance.

2. The railway vehicle provided with a collision energy
absorption structure according to claim 1,
wherein the first end portion floor is fixed to an end
beam provided at an end portion in the longitudinal
direction of the underframe and supported by a pair
of lower beams provided along the longitudinal di-
rection of the body.

3. The railway vehicle provided with a collision energy
absorption structure according to claim 1,
wherein the gangway frame comprises a pair of
gangway frame columns standing on an upper sur-
face of the first end portion floor, and a gangway
frame horizontal beam bridged between upper end
portions of the gangway frame columns,
the first frame comprises a pair of first frame columns
standing on an upper surface of the first end portion
floor, and a first frame arc beam bridged between
upper end portions of the first frame columns, and
the second frame comprises a pair of second frame
columns standing on an upper surface of the under-
frame, and a second frame arc beam bridged be-
tween upper end portions of the second frame col-
umns.

4. The railway vehicle provided with a collision energy
absorption structure according to claim 3,
wherein the first frame comprises a first frame hori-
zontal beam bridged substantially horizontally below
the first frame arc beam, both end portions of the
first frame horizontal beam connected to the first
frame arc beam, and
a second frame horizontal beam bridged substan-
tially horizontally below the second frame arc beam,
both end portions of the second frame horizontal
beam connected to the second frame arc beam.

5. The railway vehicle provided with a collision energy
absorption structure according to claim 4, compris-
ing
a pair of first frame upper columns standing on an
upper surface of the first frame horizontal beam and
connected to a lower surface of the first frame arc
beam.

6. The railway vehicle provided with a collision energy
absorption structure according to claim 5,
wherein the first beam group comprises
a pair of first longitudinal beams connecting upper
end portions of the gangway frame columns and con-
nection portions between the first frame horizontal
beams and the first frame upper columns,
a pair of first vertical oblique beams connecting the
upper end portions of the gangway frame columns
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and connection portions between the first frame arc
beam and the first frame upper columns in an oblique
arrangement within a substantially vertical plane,
and
a first horizontal oblique beam connecting upper end
portions of the gangway frame columns and connec-
tion portions between the first frame arc beam and
the first frame horizontal beam in an oblique arrange-
ment within a substantially horizontal plane.

7. The railway vehicle provided with a collision energy
absorption structure according to claim 5,
wherein the second beam is a second horizontal ob-
lique beam connecting a connection portion between
the first frame horizontal beam and the first frame
upper columns and a connection portion between
the second frame arc beam and the second frame
horizontal beam in an oblique arrangement within a
substantially horizontal plane.
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